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Keltron slashes prices of 
pocket calculators. 


Maybe this is the age of inflation and 
all that. 

However, we have gone right ahead and 
slashed the prices of our pocket 
calculators Which means, now you can 
afford to go in for just the pocket 
calculator you always wanted. 

A calculator backed by reputed Keltron 
expertise that gives you unsurpassed 
quality and trouble-free performance. 

So.don’t hesitate. Contact a Keltron 
dealer and get your hands on a calculator 
you can always count on. 

KELTSOl 

POCKET 

GALCULiTOBS 


• FeaUier-touch for that easy-to-operate 
feeling. 

e One year guarantee, during which 
period, parts will be replaced FREE ! 

• The widest range of calculators—starting 
from simple 4-function calculators, 

to advanced scientific and programmable 
models. In pocket and desk-top sizes 
with and without printer facility 
plus special models like solar and musical. 

e Expert back-up service in all major 
cities of India. 
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letTHE BRITISH INSTITUTES miwEVOUiWMREERiuimNGEiiiE^ 


Not simply because we are the largest correspondence college in 
the country, not even because we have successfully helped over 
a million ambitious men and women in shaping their careers but 
because we have translated our 45 years* expertise into highly 
professional courses which are specially designed to increase your 
productivity and prepare you for higher positions— precisely the 
qualities employers look for. 

Choose your course NOW I 
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’ « Russian, Japanese, Spanish. Persian, Arabic, 

Chinese (Mandarin), Chinest (Cantonese), 

• Malay, English, Interrrediate A Advanced 

LINGUAPHONE INSTITUTE Hindi or any of the 38 languages. 

(Dept S6/FI7) available travel pecks.write today, 
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THE SUCCESS YOU DESERVE 

DEPENDS ON YOURTRAINING 


ICS Courses are written and 
edited by U.K. and U.S.A. exports 

IGS, Che world's most experienced 
Correspondence College, offers 
the widest range of courses— 
backed by newest techniques 
and the finest staff 
TAKE THE RIGHT COURSE NOW i 
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DMi^i\ nccnui 11VIIS1V1 
PROBATIONARY OmCERS/CLERKS 


^‘Specialised Training in NSB 
Rcraular/Correspondence Courses has proved 
to be the guaranteed wc^ to secure jobs in 
Bzuiks as Probationary Officers & Clerks.” 

.says Editor, Citylight, Bombay. 


Bonkfng: JC 

A Rewarding Caree^ JL 

Near/y 2500 Prohafionary Officer 
are recruited cucry yeor by Banks 
in India This avenue of direct recruitment 
as Probationary Officers in Banks offers a 
promising career for bright young people 
today. Any graduafe befiaecn 21 and 
28 years can apply for the post The fob 
brings a handsome remuneration, security 
of service and job satisfaction The it'ork 
content is rich and varied And, after 
nafiona/isafion, Bank jobs have acquired a 
new status because now the Banks have 
taken upon themselves the responsibility 
of building a better India Today, in out 
Banks, our social ideals find a dynamic 
expression Bank jobs, therefore, offer the 
opportunity and challenge to paiticipate 
in shaping our country's future 


If you have applied to State Bank of India 
or any Nationalised Bank Boards, for 
POor Clerical Post,join our Course now. 


I Our Professional 
Commitment 


Success Earned is 
r Success Deserved: 


We coach in regular I 

Courses at Bombay, Pune ) 

and by POS TAL TUITION ^ 

fhrougbouf India for objective^^^ 
and descriptive test of PO exams 
All subiccts -I) Reasoning (verbal, logical, 
non verbal) (2) Quantitative Aptitude 

(3) General Awareness and Current Affairs 

(4) English Comprehension (5) Essays, 
letters, precis writing —are covered exhaus-- 
lively Specialised pracfice books on all 
subiects covering thousands of typical 
and actual exam questions are supplied 

in the Course These books are not sold 
to others 


NSB S Faith in ^ll * '•'= ...unrr.u.a uriu uuu. 

Specialisation: supplied on urgent basis in large 

'^floiOOLOF instalments to those whose exams 
National School of Banking, BAHKIHG scheduled soon. 

^ \ JOIN NOW AND PREPARE FOR A 

n?: .n:r.nhtH =--=d WCH AND REWARDING CAREER. 

OS a specialised mst,tuteprou,dmg .^ vacancies, application 

coaching main/y for BANK RECRUITMENT , , 




Selection on 

Merit through ^ 'mk 
Competitive Exams: (£} B 

IVben ucjL utu le^ of r 

Prabationarv Offnors Clerk •i 
are dci larvd at in/enin/s of almost eyerv 
three months by one Bank or another, 
large numbers apply for them and appear 
for fbc infrn.s*:/y compctitiuc exams based 
on general intelligence tests Standards of 
evaluation are most rigorous and impartial 
The percentage of success is lower than 
0.55^ In 1979 80, from a total of 5'^ lakh 
applicants, 2300 were taken as POs by 
Banks. Therefore, every single additional 
mark that you can get becomes important 
A proverdy competent, specialised and 
tborougb coaching becomes a MUST 


We are just a few years 
but our successes have been 
noted across the country Help ana 
recognition have come from evervwhere 
and in abundance Te^t after test, 
hundreds of uur students join the 20 
Nationalised Banks, State Bank, iAssociate 
Banks, Lie, CIC, ECCC as Officers 
The subjects, syllabus, pattern of tests 
and examining body (NIBM) for all these 
exams are same Naturally we have a 
single common BRPO course for all 
these exams Success oriented students 
join the Course well in advance of the 
test and benefit by our step-by-step and 
exhaustive coaching Admissions are 
open round the year but the number cf 
admissions is limited to the num'>rr of 
vacancies declared by Banks 

The entire course materials and books 
are supplied on urgent basis in large 
instalments to those whose exams 
are scheduled soon. 

JOIN NOW AND PREPARE FOR A 
RICH AND REWARDING CAREER. 

For details of uacancies, application 


exams-—of POs and Clerks 
It has grown rapidly and is now the largest 
pre recruitment training institute in the 
country Our continuous research and 
on-going study of objective and descriptive 
exam question papers have contributed 
to our present pre-eminence as the central 
institute for BANK RECRUITMENT 
training 


today with Rs 21-PO or M O to 
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Join our Bank Recruitment Probationary Officers Course and prepare fully for the 
Nationalised Banks P 0. exam in February 
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Onvell's nineteen eighly*four: Is it heft? 

Despite some scary scientific adiwices, 
apocalypse is still far off, says lial Phondke. 
Also: An evolving man-machine relationship 
by Remar d Dixon 




Blackouts: why do they occur? 

by S.!). Vanvandkar and 

P. C. Sunthankar 

Spotlight on blackouts. Your technician may not be to 
blame when your lights conk out. 

28 

Birth and death of the Earth 

Review of Iwasaki's mind-blowing paintings of the 
cosmos 

36 

The brain-child 

Si lence fiction hy Suunjan Ghate 

“1 avoided her eyes...Everything about her looked .so 
rA/r... Was .she a humanoid too?" 

40 

A fineiry of feathers 

Hook review by Vithal C. Nadkami 

The Pictorial Guide is the first book to illu.strate all 
our birds. A Bombay Natural lli.sU)ry Society 
centenary publication. 

44 

Will voting go electronic? 

Boolb-caplurers beware, the device to foil your antics 

IS here. 

47 

The metal with a future 

ht/K M Sathe 

Starting a new .senes “Resources of Tomorrow" with 
titanium which is crucial in high-technoUigies. 

52 

Controversy/Dreams 

by Suresh Kanekar 

Recalling your dreams could be harmful to your 
mental health, says a new hypothesis on REM sleep 

62 



Also: 


This World of Science! 6 

hy H K. iMxtmm 

m 

Cliise Encounter 7 

Feedback 8 

Science Shapes Life JI 

ViewpointsA'. T. Chiplonkar 17 

Is (/ s( wnhfic tmaishumv possible 
in Jncbii/ 

Women & Science/David Gunston 33 

Cooking sdentilk ally 

Fun with Naths/P. K. Mukheijee/ 35 

Sajal Chakraborty 

MagK squares/Playing with digits 

Round-up of Research 38 

Consulting Room/A. N. Maiaviya 58 

Arthritis 


Youth Forum 'Gillian Valladares 

The penicillin papers 
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Scientifically Speaking 
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Anil V. Rorkar 
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If they persist, wc will have to bomb them ultimately to save our 
missile deployment prof{ramme! 



I sweat, doctor, 1 just hit it with this in pure sell-detence! 










SCIENCE 

tXXDAX 


Vol 18 No.l 
January 1984 

EDirUH 

DR G P PHONDKE 

ASSISTANT runnnr» 

PRABHAKAR NAIR 
DR (MRS ) B S MAHAJAN 
VITHALC NADKAHNI 

(iiii.r iaUB i'‘ rnf» 

PRAVIN KUMAR 

SUM miT/jR 

SYLVESTER LOBO 

ART UJHrriOM 

RAMESH SANZGIRI 

I Avnur ARrisis 

NANA SHIVALKAR 
ASHOK M CHOUOHARY 

S.ihjIl t'lPY Rs J 

‘iiihv ri(j|itjri I yi i‘f Rs t.’ P v*'ifs Hs PC, 

^ yr'iirs, Hs 118 

I ililijri.il (|iir>ti»'^ .III. Ti> lip jriiiri>s‘.i'iJ to tliL f-ditor 
bni r "I Tiji!i\. limes o( lurlu Hiiildinij UN Ho^id 
Moiiihuv 4'Jl) (K)l Unstilictrd iirtirifi must i.ir'v 
iideiiudtn stimpori iMvelupe Suhsciipfion ipJCiis's 
mil p.iymim's should he tulrlresscd to Ihf L ULiilHtiun 
Mj.i«iqpi oi ■! rj> r T-•!«/• Tinii's of Indid ihiiiriinij Dr 
O N Hojrl, Uunibdy 400 001 

Priniiid and published for iho proprietors. BennelL 
Colerndn & Co , Ltd , by Pntish Nandy at Usha Offset 
Printers Pvt Ltd 125, Ciovt Industrial Estate, Kandivli, 
f3rjmhay 400 067 Branches 7. Bahaduibhah Zafnr 
Marg, New Delhi 110 002, 1.19. Ashram Road. Ahme 
dabad 3d0 009. 10b7A, S N Banenae Road. Calcut¬ 
ta 700 014 Offices at 13 1. Government Place Fast 
Calcutta 700 Ch»9. 63. Mont eth Road, tqmore. Mad' 
ras 600 OOB. 407-1, TIrath Phevan, Quanorgoie, Pune- 
411 002. 76, Station App'Odch. Sudbury, Wembley, 
Middlesex. London, U K Tel No 01 903-9696 


T he onset of winter usually coincides with the mushrooming of a 
large number of scientific symposia in India, The salubrious climate 
pin\ hii’y n welcome getaway for delegates from the western hemisphere 
fumbled by the inclement weather, international participation, which 
appears to he almost a prerequisite, is thus assured. The sue of these 
gatherings varies hut the basic framework is almost constant. What 
such seminars accomplish is a hn^ad question meriting serious 
discussion. Hut nv will leave that for another occasion, lit* would, 
however, like to draw attention to another disturbing aspect of these 
meetings. 

These symposia are flagged off with inaugurals which are 
something of a cloned ritual, A minister, equally eager to boost his 
image hy hobnobbing with scientists Js invited to inaugurate. In the 
unlikely event of his not being available, a technocrat secretary to a 
government department is an amenable substitute. Then there is a chief 
guest who is normally a science manager, A senior scientist well past Ms 
prime also graces the dais. The director of the host institute welcomes 
the delegates. Someone anxious to ascend the scientific hierarchical 
ladder is generally the organising secretary and proposes the vote of 
thanks. « 

Equally predictable are the proceedings of these functions. The 
minister reads out a speech written more often than not hy his 
technocrat secretary. The speeches reflect the platitudes adopted hy the 
technocrat to become acceptable in the corridors of power. Essentially 
they refer to the social conditions, need for uplift of the downtrodden 
and sign off with a sermon to the scicntist-delcgates to he conscious of 
their social obligations. Scientists are exhorted to leave their mucM 
pilloried ivory toners and conduct socially relevant if unglamorous 
studies. And yet if someone taking this *:eriously iivrt' to submit a 
proposal for precisely such basic field studies he would be in fora shock! 
For routinely, such proposals get turned down almost hy a refles action 
with a rejoinder to do frontier tesearch. 

The chief guest also gets in the act and opines that the present day 
craxe for carrying out sophisticated studies requiring modern technh 
ques and equipments F highly deplorable. The delegates are asked not to 
forget the simple, yet elegant basic methodologies which still provide 
the nw.st correct and acciuate inlormation. t 'sually time and advances in 
science have bypassed the pontificating gentleman who finds himself all 
at sea in the midst of contemporary science. 

Time has come, we believe, to have an objective introspection. 
Are these inaugural functions really necessary? Why shouldn 7 the one 
with the most interesting paper be invited to provide the proper take off 
for the proceedings? Mt need no pursuasion to he convinced of the 
importance of exchange of information. Hut that purpo'ic is hardly likely 
to be sensed hy holding mammoth jamborees. .1 dv/en persons or small 
groups actively working on a problem getting together would be far more 
profitable. The money spent on the.se meetings is not trifling. It could 
he utilised more gain fully hy developing literature search ser\ices and hy 
speedier dissemination of the most current information. true 
symposium is one which stimulates thought and opens new approaches. 


EonoR 










DWARKA AND MAHABHARATA 


'*] would like to answer some of the issues 
raised 1^ Prof. H. D Sankalia questioning 
.the link between my recent Dwarka excava¬ 
tions and the Mahabharata in the box item 
in my article on “Sunken ships and sub¬ 
merged ports ' in September 1983. 

Earlier, Prof Sankalia and his colleagues 
in the Deccan College. Pune, after their 
excavations at Dwarka in 1963, had une¬ 
quivocally said that it was the Dwarka of the 
Mahabharata. Even though their excava¬ 
tions did not yield evidence of habitation 
earlier than the 1st century BC at Dwarka. 
they did consider it as the Dwarka of the 
Mahabharata, which automatically suggests 
Yadava association since they have relied on 
the Mahabharata and the Puranas. I quote 
from their report on Dwarka (1966): 

From our observation of the various places in and 
around Dwarka as also from the evidence of 
excavation, one can definitely say that this is the 
Dwarka mentioned in the Musalaparva of the 
Mahabharata, the Dvarakamahalmya oftheSkan- 
da Purana or the other Puranas and the Ghata 
Jataka In particular, one can say that the Dwarka 
described in such a /treat detail as a sacred hrth 
by the flaitvamsa probably came into existence 
after the second submerfience by the sea of the 
two earlier Ihvarkas . (Excavations at Dwarka, 
Bulletin ot the Deccan College. i%'b. page 17. by 
An.sari and Mate with a preface hy Sankalia) 

I conducted onshore excavation m 1979 
and 19H0 on behalf of the Archaeological 
Survev and offshore excavation ioi the 
National Institute of Oceanography in 1983 
1 found positive evidence of habitation 
,^'Temains ol Ihc IStli to 10th centuries lu 
. and submergence of townships earlier than 
those encountered in the 1963 dig All these 
evidences have been accepted by Sankalia 
who says* “That there was habitation in the 
Dwarka area during the 15th century ij( or 
earner, as shown hy the excavations, is true 
the area had been inhabited by the Harap- 
pans, the Liistious Red Ware people and 
later by others" (Scieno: Tf)i)A\. September 
1983. page 23). Rut .still, he says that “one 
must estahlr.h that Krishna and the Yada- 
vas did indeed go to Dwarka in Sdurashtra 
from Mathura" Kor migration, archaeolog¬ 
ists have to rely on the Epic and Puranic 
references as the Yaddva.s cannot he said to 
have carried pottery from Mathura to 


Dwarka. They would have used the local 
ware of the 15th-14th centuries BC. 

About the need to find the Painted Grey 
Ware (pgw) in Saurashtra for proving the 
Mahabharata link it must be emphasised 
that the Painted Grey Ware is dated lOth- 
4th centuries BC. whereas the generally 
accepted date of the Mahabharata War is 
1424 BC and not 984 bc (see 8. B. Roy: Date 
of Mahabharata Battle (Delhi 1976); P. 
Banerjee. The Life of Krishna m Indian Art 
(Delhi 1978); and B. B. Majumdar: Krishna 
m Legend and History 11969]). In his recent 
researches, N. Mahadevan, who has analy¬ 
sed Puranic and astronomical evidence, has 
come to the same conclusion. It is the late 
Harappan and the post-Harappan wares, 
which fall in the time bracket of the 
I6th-14th centuries bc and have a wide 
distribution in Saurashtra, Punjab, Sind, 
Haryana and northern UP. that have a 
better claim than the pgw for being consi¬ 
dered as the cultural trait of the Mahabhar- 
ata period. Further, at Ha.stmapur and 
other places the pre-PC.w known as the 
Ochre-Coloured .Pottery ^ocpi comes within 
the chronological bracket of the Mahahhar- 
ata (]5tfi century Bc) .since it is found to 
have generic affinity with the late Harappan 
ware. 

Prof Sankalia a.sks whether the Yadavas 
are mentioned m Indus seals. The Rigxeda 
lelers t(» the Yadus whose dc.sceridants are 
the Yadavas. The Vrshni clan to which 
Kiishna belonged and was tiie 58th in the 
line .seems to have been referred to by the 
names oi epithets Vrsha, Vrshan, etc in 
Indus seals. 

On this evidence, it can he .safely 
eoniluded that the Post-Harappan Lustrous 
Red Ware perrple who lived in Dwarka. Bet 
Dwarka. Prahhasa, Rojdi (Srnathgadh), etc 
which were fairly large towns, similar to the 
large Itrwns mentioned in the Mahabharata. 
answer the description of the Mahabharata 
people. Elsewheie, the oCPand other post- 
Harappan wares may reprc-sent their cul¬ 
ture, especiallv it the a,^sociated copper 
hoards are taken into account 

In-.titutc ol S.R.RAO 

Dofui FauU I.V I 


of ancient nhipw'nfck's 
.^nd buried ports 



Dr Kao ignores that m my introduction to 
our Dwarka report, I have clearly men¬ 
tioned what Dwai'kas we had possibly exca¬ 
vated. However, it is difficult, nay impossi¬ 
ble. to assign any of these or what Di. Rao 
has later excavated to Krishna or 'the 
Yadavas. This for the simple reason that we 
cannot yet place these people to any definite 
period of history or pre-history,- the 
Mahabharata we have today is very much 
inflated This has been shown by the critical 
editors of the Mahabharata; Prof. Edgerton 
of Chicago Universitv, who edited the Sahha 
Paiva dated it after the 1st century ad-bc. 
because it mentions Roma which cannot be 
the earliest Rome (7th century Bc) when wc 
had excellent trade with Rome. Historical 
and archaeological .studies by my.self and 
two of mv pupils. Dr Chapekar and Dr. 
Gauri Lad. have definitely proved to what 
various periods we can date this or that 
item, for instance. Subhadra's silk sari 
cannot be earlier than the 3rd century bc 
Even orthodox Sanskril .scholars like Prof. 
K K. Shastri of Ahm»^dabad have boldiv 
reduced the Mahabharata (see his Jaya 
Sambita. that is Ur-Mabahharata, 1977); 
and even this. I have shown in my review, 
contains many late historical incidents. 

Agiiin, it IS nut clear to what period ot 
Mahabharata Dr. Kao assigns his latest 
discoveries. For according to him, the 
Harappans had the first non-violent empire 
in the world. This, as I pointed out to him 
goes again.st definite archaeological evi¬ 
dence like fortifications at llarappa, Molien- 
jodaro and elsewhere, and the occurrence 
of sling balls, and bone arrowheads. And 
Krishna, as we know, had to fight many 
wars. Until the Harappan script is satisfac¬ 
torily read, all tliese problems and contra¬ 
dictory views will continue to be prop¬ 
ounded. 

Hen If) Coltcfic H.O. SANKALIA 

Punt ill m 



Halt! yie mad nuclear arms race 

The article ‘"The nuclear arms race hots up" 
(September 1983) was rational in its 
approach towards the most crucial problem 
of our times—the need to eliminate the 
danger of war in general, and that of a 
nuclear one in particular. Dr. R. R. Sub- 
ramanian correctly states, "developments 
in the area of high-energy lasers, charged 
particle beams and advanced microwave 
^ devices may signal the emergence of war in 
outer space". 

Ls it nut the most sacred duty of all 
scientists, media men and men and women 
ot goodwill to impress upon world state.s- 
men the urgent need for banning military 
arm.s stock-piling in outer spaced In this 
respect, one appreciates the initiative ot itie 
Soviet President, Mr. Yuri Andropov, m 
unilaterally renouncing the placement of 
war-heads in outer space 

The economics of the nuclear arms race 
should set all people thinking as to what 
can be done to halt the manufacture, 
stock-piling and po.ssiblc use of nuclear 
weapons by any country. Unfortunately, the 
war economy of the USA is the single most 
discouraging road block on the path of 
disarmament The MX mi.ssilc project has 
been denounceu by lakhs of peace-marchers 
in New York and other Kuropean cities 

n IS time our con.scientioiis scientists and 
peace campaigners mobilised public opin¬ 
ion to strengthen the force of peace in the 
world The mad nuclear arms race must he 
ended' 

mitm MsVlNKETASINC.H 

oih.m; TowNsiur eo 
Njsik 42J JVi' ^aharj-^htjA 

Computer piracy—a suggestion 

Adi Shamir's invention of a technique to 
lock software in diskettes in .'.SL (November 
1983) made no mention about the Jul> 1983 
issue of the ibEh on “Computers' It had 
covered a major topic on the techniques for 
preventing sofb^’aie crime. Yet the problem 
still exists for the software codes stored m 
solid state memories, namely proms, which 
form the major portion of microprocessor- 
based systems. It is pns.sible to envisage a 
simple hardware/software method for lock¬ 
ing the PROMS using digital comparators, 
latches and floating gate cells of the prom 
itself. Software then involves manipulation 


of a few security codes. This hardware 
fabricated on chip adds some intelligence to 
the memory and does not augment the cost 
of the chip as such. 

Reactor Research Centre, fl. SRINIVASA RAO 
Kalpakkam 603 102 
Tamil Nadu 

Soft soaping with animal fat? 

This refers to the item ‘Beef tallow in 
vanaspati* in Science Shapes Life (October 
1983). No one to date has raised the issue of 
the use of mutton tallow in soap making. 
My mother remembers that during the 
British rule, Sunlight soap was imported, 
and It carried the declaration that a prize in 
cash (Rs. 10,000) will be given to any 
person who proved the use of mutton 
tallow in soap. This was continued till 1960 
on wrappers of Sunlight soap. 

Sambaipur MRS. MANGALA GOWARDHAN 

Orissa 

Sci-fi feedback 

Foi those who have read Warp by Ralph 
Norton, fust published in ‘Mayfair’ some 
years ago^ reading Jayant Narlikar's "The 
Rare Idol of Ganesha" (September 1983) 
must have been disappointing. One would 
have expected something more original 
from a renowned scientist. 

By comparison. Bal Phondke’s "The 
Southpaw Strain" (November 1983) has an 
original twist to the same theme This 
theme of sinister-dexter imaging has been a 
tavourite ot many sci-fi authors, and as a 
result, many onginal and interesting tale.s 
have been published. 

Pit I iHiit SIJLAEIIFATEHI 

1)1 tjucen'i Rikid, 
itiimhM IfW (LV 

Your "The Southpaw Strain" ls a beautiful 
piece of SF which encompasses life dis¬ 
turbed through the pathological problem.*! 
of wairing microbes A good sf resonates 
life end puzzie.s the reader and your story 
achieves this nicely. 

Though triggered througti the concept of 
‘mirror innagc’ injetted bv Dr. Narlikar, 
your sf dwells independently on the princi¬ 
ple of dextra rotation of pathogens bearing 
the Gram weightages +ve/-vc, etc. The 
idea of celebrating the Quit India move¬ 
ment is subtle and induces a sharp sarcasm. 

MathuivRunu.,h^ SUKESH MATHURE 

Ciamtkvi Maidan NmiI 
Thane 4llO bU? 


Science policy 

The viewpoint on The Scientific Policy' 
Resolution’ (October 1983) was though^' 
provoking. 

However, some errors have crept in Table 
1. Firstly, the world’s population was 3.S 
billion in 1971 and not 36.32 million. 
Secondly, in USSR in 1971, there were 71 
papers published per million population 
and not 871. 

M42 GreaterKaibsh II. DINESH JAIN 

New Delhi IW 048 

Coining of age 

The article "When your baby girl comes of 
age" (September 1983) by Dr. 1. Vijayakar 
was superb and enlightening. 

Apart from physical reasons for contin¬ 
gent cases of the onset of puberty at an early 
stage among girls, geographical or climato¬ 
logical factors are equally responsible for 
menstrual precocity. Generally in countries 
with a tropiChl climate, girls attain prema¬ 
ture womanhood in comparison to those in 
cold climates This is also true among 
teenage boys who get sexual inducement at 
an early stage of 14 to 16 years. 

Also, the onset of puberty among tribal 
and working girls is usually later than for 
girls from middle class and aristocratic 
families Thus, social conditions, food 
habits and strenuous physical activities are 
vime* of the possible lause*! of late 
womanhood 

I Hi ^.idhuhaii BHASKAR PAKICHHA 

(ufMiA Oii^sa 

VII Indian Congress of college¬ 
going scientists 

'Phe next annual (’()ngre,ss of the lAcos will 
he held in the last week of January. 1984 at 
New Delhi, with the focal theme, 'Science 
Education'. The Congress programme will 
also include a short .seminar on 'Science 
and destruction’. 

Participation is open to .students of 
p()st-.school and pre-docloral levels, below 
25 years of age and the areas covered 
include pure, applied and social sciences. 
Papers/project reports, etc for selection 
may be sent to the President. lACCs before 
loth January. 1984. 

t. Universitv Setvue SANJAY KUMAR 

InstmmenlalMtn Centre 
Vnnersity ul Delhi. 

Dehriw uu: 
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INSTRUMENTS 

DIVISION 


PARTICLE SIZING AND ANALm 
AIR BORNE AND LIQUID BORNE 

AIR: From 0.1 micron onwards 
LIQUID: From 0.5 micron onwards 


AIR BORNE 
APPLICATIONS 

Filter manufacturers to 
check efficiency of filter. 

Monitoring clean rooms 
for semiconductors 
manufacturing process. 

Monitoiing clean rooms 
for Pharmaceuticals 
Federal class 100 applies. 
Computer rooms: 

To measure contamination 
in rigid disk drivers 


LIQUID BORNE 
APPLICATIONS 

Measure Hydraulic Oil 
contamination 
Monitor Transformer 
Oil contamination 

Monitoring water purify in 
plants and semiconductor 
manufacturing process 


3 POWDER SIZING 

• Pharmaceuticals, Dyes & 
Chemicals, Metallurgy 
applications. 
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All red ^8 are not 
coiduiictivitis 

I F YOU think all inflamed red eyes are 
due to conrunctivitis, you may be 
wrong. Further, all conjunctivitis is not 
due to a simple cause such as play¬ 
ground dust, chlorine in the water or 
due to strain after a long drive. One can 
suffer an inflamed eye due to more 
damaging eye trouble where a delay in 
the correct treatment may be disa.strous. 

A medical magazine fiom the UK, 
The General l^actmoner, ha.s warned 
against treating eyes with drops contain¬ 
ing broad-spectuim antibiotics com¬ 
bined with powerful steroids. If the 
patient has herpes in the eye. which the 
magazine says is not uncommon, the 
steroids worsen tlie condition. If u.sed 
for a long period, the same steroids can 
cause an increase in eye pres.sure. 
glaucoma, which mav become irrever¬ 
sible and hence involves a risk of 
blindness. 

How to keep your 
silver spaikling 

H ave you ever wondered why silver 
loses its lustre readily but not gold? 
Recently, researchers at the National 
Metallurgical Laboratory in Jamsticdpur 
had a good look at this agc*r>ld problem. 

Silver happens to be highly sensitive 
to some sulphur compounds in the 
atmosphere On exposure to sulphur 
silver reacts to form its sulphide. The 
impurities in silver may also form other 
compounds. A thin layer of these com¬ 
pounds formed on the sui face is what we 
call as tarnishing. It is almost like the 
icing on a cake but much thinner. Clean 
silver is extremely white since most of 
the light falling on it is reflected but the 
tarnished surface reflects much less and 
looks dull. Foods like onion, mustard 
* and eggs which contain organic sulphur 
are all known to tarnish silverware. 

Is it possible to make silver less 
sensitive to the atmosphere so that it 
does not lose its essential quality of 
lustre? A thin coating of another metal 
pan protect silyer-^f course the coating 
lias to be sb thin as to be almost 
^ar^nent. By> dipping silver in what 

. 'k ' » 



Silverware when wrapped in speciaHy made papers and foams retains Its lustre 


are known as mhibiLive solutions, its 
surface can also be rendered passive. 
Another method used for the same 
purpose makes use of an electrochemic¬ 
al reaction. 

The most practical way of protecting 
silver i.s to wrap it in specially made 
papers and hums. Just as (tie gas ma.ik 
provides protection by adsorbing haim- 
tul gases, these papers and foams too 
retain the corrosive gases and prevent 
them from reacting with silver. 


Bale’s face is a mirror 

C AN ihe newborns imitate others' 
behaviour? The belief so far was that 



they cannot. But now tests on 74 
newboras at Miami's Jackson Memorial 
Hospital in* the US ,reveal that day-old 
infants can recognise and imitate facial 
expressions. These include the smiles, 
frowns or surprised looks of researchers. 

Child psychologist Tiffany M. Field 
who conducted the tests says the results 
indicate that infants under three months 
do have the visual acuity to recognise 
facial features beyond contrasts of light 
and shadow Field round newborn babies 
“pokerfaced" to “extremely responsive" 
She plans to follow her .sublets up to 
the age of fivt lo discover what these 
Li alts portend 


Marine animal group 
discovered 

A new phylum (nidiot ginupmg) in 
(he animal kingdom has been disco¬ 
vered and desenbed bv Reinhardt Kris- 
tensen nf (he I’niversiiv <4 Copenhagen, 
Denmark ,of Zoological Syste- 
maucs and Evuiuikm. 21. IblD ft ts 
only the third time a new phvtum has 
been discovered this century 
The existence of the new phylum was 
first predicted by Robert Higgins in 
1961. In 1974, he found an organism 
which should have confirmed his theory 
hut he failed at the time to lecognise it 
as a novel organism. 

The organism is a microscopic crea¬ 
ture called Nanaloricus myslicus which 
occupies the head of the list of the newly. 
created j||roup. It lives among marine 





sand and gravel at depths of ten to 
hundreds of metres below the sea 
surface. 


New machine preserves fresh 
food 

RAN Mouty, a Krench engineer has 
devised a new machine ‘"Capatainer" 
to store fresh food for a long time. 

The machine i.s 20(1 metres long and 
can wrap agricultural products into 
cubes of polythene, each having a capac¬ 
ity of 1,200 litres. The cubes are strong, 
easy to transport and store. They are 
packed in vacuum and can be piled one 
on t<jp of another for easy storage. The 
cubes remain unaffected by bad weather, 
humidity or sun. 

The cost of the capatainer, though 
steep, Ks only half that of a classic grain 
silo. By ensuring long-term protection 
of 100,00(1 tonnes of crop.s per year. 
Mouty says, the machine pays tor itself 
within SIX to 18 months. 

Birds and fish in trauma 

T HK hi Nino, a periodic phenomenon 
of warm cm rents, has hit the marine 
and bird life of Pacific Islands disas- 
trnu.sly in recent times In what will 
cert«iinly go down as a great tragedy in 
the histcrv of ornilhol(»gy. almost the 
entire adult bird population (some 17 
million birds) abandoned Christmas Is 
lands leaving behind lh<'U'*iinds ot nest¬ 
lings to staiA'c and die. The birds could 
not pul up with the El Nino -a C(»mpIeK 
phenomenoi'i involving changes in wind 
palter ns. sahnily. oceai' lurrenls and 
sea IcveLs leading t<» a ruse iO water 


The marine iguana 


*r 







temperature. However, with the gradual 
disappearance of the El Nino, the birds 
have once again started to inhabit the 
island. 

In the Galapagos Islands, the marine 
iguanas were badly affected. The un¬ 
usual conditiun.s led to the disappear 
ance of most of the .sea-weed on which 
the iguana.s feed, forcing them to change 
their feeding patterns with fatal con¬ 
sequences. About 40 per cent of them 
have died, according to Andrew Lawrie. 
a zoologist from the University of Cam¬ 
bridge, who I.S .studying the impact of the 
El Nino on iguanas. 


Forgeiy-proof bank notes 

A ustralian .scientists have de¬ 
veloped "an almo.st forgery proof” 
plastic bank note The note is reported 
to be m(»re durable than paper money 
Though It feels like paper, the note is 
made from a laminate of upto five layers 
of synthetic polymers (plastics) with a 
.sophisticated optical device embedded 
below its surface. 

The note is made by coating both 
surfaces of a roll of transparent plastic, 
between fiO and 80 millionths of a metre 
thick. With a pigment Once the pigment 
IS dry. It IS printed with the note design 
in the normal way. hut a tiny window is 
left clear, for the antitorging device 
The antiforging device, can take one 
of seveial forms. For in.stance, it can be a 
pouch of heat sensitive liquid crystal 
that changes colour on contact with 
body heal. The note i ould bear a pattern 
whici) gives it a cloudy appearance like 
watered silk, opetlapping printed lines 
appeal in this process. They appear to 
form a changing pattern in hlack and 
white, depending on how the note is 
held Another option is a diffraction 
grating of parallel printed lines that 
reflect different colouis when viewed 
from changing angles These devices 
could either he printed on a note or 
attached to a role of foil run through a 
press, with the device on each note. Tlii.s 
process c^iuld he used to design other 
security cards including traveller’s che¬ 
ques, credit cards, and personal identifi¬ 
cation papers. 

At the final stage of processing, a 
coating of clear plastic is laminated on 
both the sides of each note, to protect 
the ink and the antiforgery device from 
damage 



Infra>red “eye” 

S CIKNTISTS from the S. Vavilov Op¬ 
tical Institute in the USSR have 
developed an infra-red "eve" (or use in 
medicine. The “eye" is a heat remote 
control device that helps physician.s to 
.see on a special screen how a wound 
heals. 

Human organism.^ are known to emit 
intra-red radiation which can be trans- 
foinicd into electric .signals and viewed 
as .screen images (SCIKNCE TODAY, 
December I98:L p. 17). These images, 
depending on the skin temperatijrc. 
indicate any possible pathological 
changes 

The device, in some cases, also helps 
to diagnose inflammation in organisms 
at an earlier .stage. 

Snakes breid in captivity 

V ISITORS In the snake exhibition 
nrg.'uiisfd bv lliv Ri)rnb,iv .Naluial 
lh.stor\ Siuietv h.d a pleasant 

surprise reienLly when a Vine Snake gave 
birth to ^even live vt»ung snakes This 
was not all. The slnped Keelhacivs living 
in the same pit toliusved .suit by laving a 
dozen eggs. • 

P. B. Shekhar and H. K. Divekar, who 
have conducted scyerai exhibitions for 
BNHs in the past say that it was the 
second time such a breeding had occur¬ 
red during an exhibition. Normally, it is 
extremely difficult to keep .snakes in 
captivity and rarer still fur them to 


breed, even under strictly centroUed 
tipndiliant. The foot that these snakes 
had bred in aq)tivfty indicated that the 
artificial enviifonment created for them 
at the iHuike exhibition closely resem¬ 
bled their natural environment that they 
found It conducive to breed. 

Satellite link for seafarers 

REVOLUTION has taken place in the 
communication facilities available 
to the maritime community A system of 
three geostationary maritime satellites 
have made it possible for ships fitted 
with satellite communicdtion terminals 
to establish instantaneous link with 
anybody anywhere in the world. 

Until recently .ships on the high seas 
communicated witli .shore establish¬ 
ments only through high-frequency 
radio. This medium has several draw- 
backs—ils dependence on the Ionos¬ 
phere. congestion of frequency bands, 
limited coverage areas and so on. To 
overcome these disadvantages and to 
provide reliable and continuous com¬ 
munication link, the International Mari¬ 
time Satellite Organisation (1nmars/\T) 
With a membership of 40 countrie.s— 
India being one of them--acquiied 
satellites, which are located in the 
geo .stationary orbit {where the satellite 
position will be stationary in i elation to 
a particular point on the Earth) over the 
Pacific. Atlantic and Indian iiceans. re¬ 
spectively. 


The skuti image produced hy the tomograph, 
displayed distinctly 


The INMARSAT system provides telex, 
telephone, tacsimile and .slow-speed data 
service. Inmarsat has not only revolutio¬ 
nised sea communication, it has also 
opened new dimensions in the safety of 
.seafarers. Around 2,000 ship.s have so tar 
been fitted with satellite ship terminals 
and a number of earth stations have 
been .set up in all the three ocean 
regions 

India plans to have jts own earth 
station in the next three yL*ai.s. Of the 
iiOO Indian ships, tv\'o belonging to the 
National Institute ut Oceanography. 
Goa, have so far installed terminals and 
the Shipping Corporation ni India has 
plans to fit its new ships with ttie 
terminals 



The satellite picks up the message transmitted hy the ship and beams it to the coast 
earth station 



The structure of tongue and brain is 


Substitute for X-ray? 

N uclear magnetic re.sonance (NMRI 
tomography is a new kind of imag¬ 
ing method u.sed in medicine During 
the examination, the patient is placed in 
a magnetic field. Radio waves of selected 
frequencies excite the hydrogen atoms 
in the body and induce them to produce 
return signals These very weak signals 
are measured and converted into medic¬ 
al slice images by a computer, held 
strength and field homogeneity are deci¬ 
sive lor the giialilv of these irnage.s Very 
high strength magnetk fields arc not 
only c.ssentidl for the highe.st image 
quality and short measuring times, hut 
also for pho.sphorus speelroscopv, for 
example, in inve.sfigatmg melaboli.*-!!!. 
At present, then* high magnetic f‘cld 
strenglh.s can onlv be generated econo 
mically by supei conducting magnets. 

Super condui-tmg magneh .in based 
on the principle that electric conductors 
ot ^pecifii materials (tor example, 
niobmm-lilamuml lose Ihcir I'lcLtnial 
resistance completelv at evtremeiv low 
temperature.s. A super-ciinducting mag 
net contain,'^ coils of fhejoatenal which 
is cooled down to bv liquid 

helium After installation of the unit, the 
current in the coils is set flovi’ing bv an 
external .supply and when the magnetic 
strength has huild up no further current 
1 $ required. The flow continues and 
maintains a constant magnetic field. 
Cooling is done by means of liquid 
helium which completely surrounds the 
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coils. The encIuMPg container is con¬ 
structed like a very effective thermos 
rfiask. To keep the evaporation losses of 
the expensive liquid helium as low as 
possible, it is sheathed by liquid nit¬ 
rogen (-J96"C). 

Sunk submarine Is 
mat free 

T he main body of a submarine which 
lay on the seabed for mure than half 
a century has been found completely 
rust free. However some parts which had 
Mien off, were found to have corroded. 
The submarine called Holland 1 had sunk 
in the English Channel m 1913 and was 
recovered recently by the Royal Navy. 

The hull of the vessel was made of 
differenb metals like steel, iron, lead, 
brass and bronze and yet it remained 
uncorrodedl In fact, the condition of the 
submarine was so good that '‘springs 
sprang, hinges opened, and moving 
parts were easily freed". The mam petrol 
engine could still be turned over, and 
the electric motor of the propeller was in 
excellent condition. 

How did the submarine fight the 
battle again.^t rust so successfully? 



According to researchers, the reason is 
probably the presence of a strong 
magnetic field in the hull. The vessel, 
meanwhile, is awaiting a careful exami¬ 
nation by experts. 

Laser can tell the taste of 
wines 

T he laser i$ moving onto the 
domestic field. To test wines! 

The qualities of wines, such as taste 
and aroma exist by virtue of the particle 
types present in it. So it was thought 
that a light-scattering experiment might 
“type" wines for identification. 

A differential light-scattering helium- 
neon laser was used to examine wine 
samples which were diluted 10:1. The 
logarithm of the .scattered intensity was 
recorded as a function of the scattering 


The ship wss corroded (top) where she 
wsB fouled by nets end eround the stem 







angle. It was found that the'smoother 
and flatter the curve, the better the taste 
of the wine. 

The curve can form a part of the label 
pasted on the bottle which could identify 
the wine as to its quality. The buyer will 
have his choice. 

Interstellar grain 
has no bacteria 

F red HOYLE and Chandra Wickra- 
masinghe, the famous British astro¬ 
nomers, maintain that life originated in 
space. According to them, life could not 
have originated on our own planet 
since the time it takes to produce life is 
much too long as compared to the time 
that the Earth has existed. 

Is there any experimental evidence to 
the presence of life in space? Experi¬ 
ments conducted in 1980 had indeed 
indicated the possibility of this. In such 
experiments one carefully looks at the 
infrared radiation which is coming to us, 
through the interstellar space. The pre¬ 
sence of bacteria means the absence of 
infrared radiation of a typical 
wavelength. David Allen anJ Dayal Wick- 
ramasinghe had found a wiggle in the 
infrared absorption spectra which was 
attributed to absorption by C-H bond, 
typical of organic molecules. 

Recently, more accurate measure¬ 
ments of the infrared absorption spectra 
have been made with the help of the 
largest telescope specially built for in¬ 
frared astronomy (United Kingdom 
Infrared Telescope). It also has the ^an- ^ 
tage of being on the highest observatoiy 
in the world. Also a new lype of spectro¬ 
meter is used to improve the quality of 
the spectra. 

The new measurements, however, 
have Mled to confirm the earlier find*- 
ings. The evidence ftnr absorption 1^ 








bond is lacking ih the new absorption 
curve. The new daU suggests that the 
earlier wiggle was' mil real, bul was 
probably caused by noise. 

It is interesting to recall that, experi¬ 
ments in Leiden, Holland, earlier, had 
also failed to confirm bacterial theory. 
Experiments of a different nature had 
indicated that chances of bacteria .sur¬ 
viving in space was very slim—only one 
in A thousand would be capable of life 
after 3,000 years. 

But the question remains as to what 
came to the Earth from space—living 
organisms or nonliving chemicals? 

Light weight metro 

REVOLUTIONARY metro known as 
"'Light Automatic Vehicle” (VAD wa.s 
installed recently in Lille, the regional 
capital of North Prance. Designed (o run 
automatically, it is the fir-st metro in the 
world to function without a conductor 

The Lille metro is made of small 
underground trains of 26 metres length 
with two carnages each of two metres 
width. The carriages are made of alumi 
mum alloy with plastic covering and 
weigh only 30 tonnes. Each train carries 
124 pas.sengers of which over hall can be 
seated. 

The trains are controlled using a 
computet, an optical control panel, an 
oral keyboard. 24 television teceptors 
and an effkient communication .system. 

Cedrus oU-naturai fungicide 

EDRUS oil obtained from Deodar is 
an effective fungitoxicant according 
to a report in Ihc Journal of Stored 
Prfiduct Research of October 1983. 

Seeds of two spices, coriandei and 
fennel, were dressed separately with the 
oil as well as with five synthetic tungi- 
cides Tliese were stored under labora¬ 
tory conditions for 12 months. When 
mycofloral analysis was made on all the 
batches, the oil was found to have 
checked the growth of ten fiingi, scoring 
above ail the five synthetic fungicides. 

There are no adverse effects on the 
germination of seeds according to the 
report. Is Cedrus oil non toxic to humans? 
It appears so, according to the report, 
since Ayurvedic medicines make use of 
the wood of the plant. 


Cancer cells to fight cancer 

T here is an old saymg. to remove a 
thorn employ another thorn. An 
antidote to a poison is another poison. 
Scientists at the Cancer Research Insti¬ 
tute (CKi) in Bombay, are putting this 
adage into practice hy using a cancer cell 
in their campaign against cancer. 

Uukemia is the dreaded cancer of the 
blood affecting a large number of pa¬ 
tients. It involves malignant tramsforma- 
tion and uncontrolled proliferation of 
the white blood cells (leucocytes). 
However, the precise tyjie of manifesta¬ 
tion it assumes depends upon the type of 



AY/S'I frightf iind hyhridomn vionvs 

leucocytes that turn malignant If it is 
the lymphocytes which are affected, 
then It giv^s rise to lymphnid-ieukemia ■ 
while the malignancy of the myeloid 
senes is Ihe ronl lausc ot rnyeloid 
leukemia. The stage of maturation at 
which the ceils are arrested before 
undergoing unabated growth also varie.s. 
Lymphoid maljgnancie.s can also bring 
about solid cancers ot lymphocvlcs. 
Unambiguous iderilificalion ol the cell 
types causing these < aiicers has a great 
bearing iifHm the choice of treatment. 

In rtcent year.s. several types of can 
cers have been shown to po.ssess unique 
antigens on the cell surface These act 
like their identity cards. An antibody 
specifically reacting with this antigen 
can then distinctly identify them. Such 
an antibody reactive again.Nt myeloid- 
blasts (extremely premature cells of 
myeloid series) of a patient suffering 


from acute myeloid leukemia (aml) has 
been developed for the first time in India 
by the CRi scientLSts. 

For this the scientists employed the 
most sophisticated technology of hybri-' 
doma. They took the cells from an AML 
patient and injected mice with them, 
the latter recognising the cells as for¬ 
eign. immediately launched an immune 
attack against them and generated anti¬ 
bodies. The mouse cells which synthe¬ 
sise the.se antibodies, however, have a 
finite life-time. On the other hand, cells 
from a type of lymphoid cancer called 
myeloma can grow unhindered. So these' 
two cells were fused to form an immor¬ 
tal hybrid cell—the hyhridoma which 
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keeps churning out the antibodies. Of 
course, Ihe antibodies form a helC' 
rogeneous lot and the desired one react¬ 
ing specifically with the aml antigen has 
to be sorted out. 

The I'RI scientists obtained 18 hybri- 
doma clones which were tested with the 
help of another modern technique with 
the alluring name of ku.sa (enzyme- 
linked immiino sorbent This 

Yielded 18 clones providing the mono¬ 
clonal antibody The.se were then purified 
and stabili.sed leaving finally four stable 
clones. Products of these have been 
tested for their ability to identify with 
precision the aml antigen and one of the 
clones is found to secrete the coveted 
monoclonal antibody. 

These monoclonals have a long way to 
go before they can be routinely used in 
clinical practice for diagnosis or therapy. 
But the first step has been taken. 
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The new, improved Advani-Oerlikon welding equipment range 
combines graater welding productivity with higher weld control accuracy. 


The new range of welding equipment from 
Advani-Oerlikon incorporates the very latest 
circuitry for truly accurate weld control 
Embodied in designs conforming to 
the latest national and 
international standards Brought 


to you in a size so compact, it ensures 
better manoeuvrabilify than ever before 
All this, backed by Advani-Oeriikon's 
unmatched expertise And the kmd of 
experience that's perfected over three 
decades of leadership in welding 



ADOmilQ im/MAQ tMbldIno 
Outme 

Standard range from 150 to 600A 
capacity, incorporating the laieai 
iMronic circuitry, thyristor dnves for mtre 
feed automatic choke for arc stability and 
dalact-trea welds Casigned for automatic 
and sem-eutomatic waidmg 
ExoeNenr8hort-Brc''and spray arc 
transfers 


ADORAfIC Welding Rectiflera 

A whole range from 200 to 1200A capacity 
lor manual arc welding and 
automatic'semi-automatic welding 
processes With facility lor remote oontrol 
Buill-in. safeguard, against fan failures, 
overload, etc Latest control circuitry 
ensures greater efficiency as well as 
smooth, stable and spatter-free welds 
G'ves deep penetration Distortion is 
minimum 


ADOR SUBARC Soml-nnd 
Fully-Automatlc Submorgod Arc 
Wblding Outfits 

Trolley-mounted welding headi niih DC 
dnves and electronic controllers ensure 
high productivity, quality, reliability anj 
high metal deposition rates Voltmeter and 
ammeter mounted on the control panel so 
that the welder can set the parameters 
from the welding station itself 


ADORTIG TIG Control Outfits 

Standard range consisting of five outfits for 
AC. DC and AC/OC welding using any 
manual mriai arc welding power source 
having OGV between 40-90V 
Constructional designs, both in single 
housing and on trolley, for greater mobility 
Easy tu operate arul service Special 
features include pre-and posi-fiow of gas 
TIG spot welding facility Compatible for 
use with most power sources 


Plus. •. Ador Midget Welders, ROCKETARC 
Air-Cooled/Oil-Cooled Welding Transformer''.. Motor 
Generator Welding Power Sources, Engine Driven DC 


Arc Welders, Plasma Arc Cutting-oum-TlQ Welding 
OutlitF. Microplasma Arc Welding Equipment, Solid 
State Pulsed TIG Welding Equipment, Resistance 


Welden., LPG Cylinder Welding Outfits and a variety ol 
welding aids Irom Columns and Booms to Rotators 
and Positioners 
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IS A SClENTinC RENAISSANCE 
POSSIBLE IN INDU? 


T here has been d remarkable progress in science and 
technology during the last 50 years Imagine a world 
without electricity, telephone, electric lights, motor 
cars, radio and television and you will realise the 
contribution made by science in enriching life. It is a matter 
of history that developments in modern science look place 
mostly in the European countries. In any case, science did 
not prosper in India since the death of I larshavardhan in 
AD 647. There was an unexplained obsession since then to 
preserve what had been already gained (the invention ol 
making steel, the discovery of zero in algebra, developments 
in surgery and medicine, etc) and all creative tendencies 
were discouraged. A similar dark age had also fallen on 
Europe but it was able to get out of it with a renais.sance of 
.science beginning with the invention of the telescope by 
(lalileo in *\D 1609. 

Why did this happen in Europe and ntU in India'^ 
According to some thinkers, this could happen there 
betause it was preceded by a religious reformation and a 
subsequent increased orientation of the popular mind 
towards rationalism. And il India is to make similar 
progress and lake up its rightful place among the industrial¬ 
ised countries tor which it has ttie natural resources and the 
talent, it has to rely heavily on help from .science and 
technology. Rut is the atmosphere in India lavourable tor 
such a new orientation.'' 

Recently doubts have been expressed about this. Fingers 
have been pointed at the increasing influence of supei.sti- 
tion. Ignorance and iirational thought in the counlrv todav 
and the growing*number of astiologers, sadfius and godmen 
wlu) claim among their t lienlele a large number of educated 
persons, including scientists. The comm(»n man in India 
spends a considerable portion of his ver\’ limited linaiKi.d 
re.sources and time in pertoiming the so called religion, 
iituals which would appeal In be meaningless and irrelevant 
to any thinking person.•Remarkably, a large number of 
these rituals have nothing to do with the basic religion. If 
he could be persuaded to use his reason and discretion and 
divert these resources towards more usetui channels, would 
it not be better for him and society loo? 

In other words, one wislies the common man to develop a 
more rational attitude towards life and help to u.sher m a 
renaissance in India. No doubt, rationalism is a useful 
attitude in achieving this goal but there are also limitations. 
Rationalism, by itself, cannot lay down objectives or define 
ideals. It can provide guidance for realising these objectives 
in the most effective manner. One can visualise three levels 
of understanding. On the lowest level, we have the 


irrational, expre.ssing itself .sometimes in the crude forms 
superstition and meaningless rituals. It is in this area tha^' 
one has to look for the roots of the beliefs and faiths of thf^ 
individual and also, according to some, for fantasy and^ 
imaginaticm which represent the .source of all creative; 
aclivitie.s of man. On the higher plane, one has the everyday^ 
world where man uses his reason and intelligence 
di.scnmmate between and probe into the nature of things;: 
On a still higher plane, we have modern physics where w^m 
realise the limitations of knowledge gained from oUf:; 
everyday life. 

The existence of man is complex, divided in two parts. Ift 
the first, there is literature, the creative arts like music jndl 
painting and also philosophy and .spiritualism. (One doesil 
not want philosophy to lay down laws which .science is in 
much belter position to do. It was a mistake on the part of| 
religion and philo.sophv to have made the.se attempts. 
its superior mslrumenlalion, science required little time 
put them out of count as far as the events in the physical:' 
world are concerned. We need philosophy only for asking 
questions and not for drav\^ng any conclusions.) In thc«.^ 
other are included .science and technology. Although both 1 
tfiese parts have their origin in e.xperiences of daily life, the ] 

logic and laws which are valid for one part may not ; 

necessarily be valid for the other Investigations in science * 
are mostly guided hy reason. The common man thinks that. 
conclusion^ hd.sed on rationalism and .science are always the*! 
.same. Rut this, however, is not the ca.se 

Science has been described as organised com monsense, 
with an ohjeclive rational approach, ba.sed strictly on ; 

cxpeiience and experiment. This view is also not .strictly ' 

correct In science*. f»ne helieve.'s that the evidence obtained 
with our senses is reliable and represents reality. What one ; 
fries to do here v to imagine a model fo explain an obsers'ed 
event and af tempt to correlate as many events as possible m 
terms of a single model To the scientist, things do not 
happen of Ihenuelve.s, therefore, he searches to discover the 
sequence <tf Causally related processes which lead ultimately 
to the lin«il even! (observed Science is able to explain how 
Ihese events take place hut n*)t why thev take place. Since 
the .scienlist’s explanation is always in terms of a model, 
there is no such thing as the ultimate truth. Like the arrow 
in Zeno s paradox, the scientist alwavs moves a little nearer 
to fhe ultimate truth hut never quite reaches it at anv time. 
The quality of belief of the scientist is in no way different 
tiom fliat of the religious minded who believes in the 
existence of a god or m the essential gerodness of man. 
Those who deny the existence of god still have faith in 
certain moral or ethical principles. Without some sort of 
belief, and let us say idealism, the formation erf human 
society will he impossible and, what is more important, tlie 
individual will not be .satisfied. The basic beliefs both in 
religion and science cannot he justified either hy a recour.se 
to rea.son or to merely logical arguments. 

The experience of the individual is. however. limited both 



If India is to progress and take up its rightful place 
among industrialised nations, it has to rely heavily 
on help from science and technology. But is the 
atmosphere in India favourable to such a new 
orientation? Recently doubts have been expressed 
about this. 


iin spaL'i* and limt'. the aeliul cvcivday experience i»l the 
anCionl man niust haw been le'lMtled In a reumn nnl nmu* 
than a few hundred Kilomctivsnand a period not more 
than a hundied veiii> t uiiMdenn^ that man can .store hi.s 
experience and pa.s.s it (ni h* Ihe ne.xt generation, the.se 
limit.s would be cnnsideiahlv extended l'>en .so. the legion 
about whith he actuallv knows is only an insignificant part 
of the total universe Developments in .science during the 
-last three hundred \e*irs or so again repre.seiit only an 
insignificant pail <»l the total hie ol the universe. There is no 
reason to <issume that the knowledge that we have gathered 
in this region over the period of time is representative of the 
whole universe or represents the final word on the subject. 

Let me give some example.s. Ue consider the velocity of 
light to he a constant and so we have found it to be from 
experiments t>ver the last ^eveial wars. According to one 
theoretical conieclure. however, it should show a variation 
with lime. It will take several ycxirs tor us to detect this 
effect It Ihe rale of variation is slow. Again, a hundred years 
^ago we were guite sure that an unsupported body cannot 
■ remain suspended in space but must always fall. This 
.statement is valid as tar as observations on the Karth aie 
concerned but in the mterioi of a space ship or in regi<»n.s of 
outer space it is simply not true 

Determinism is an important principle in science. Kvery 
event has a cau.se and if the nature of the cau.se is precisely 
known, one can make equally preci.se predictmn.s about it 
Kor instance, in (»rder to explain and con elate the 
ob.ser\’alions of Tvcho lhahe on the motions ol planets. 
Newton u.sed his imagination and foimulaled the law of 
gravitation And on the bases of this law. one can calculate the 
position ot anv planet not only in the luture but al.so at any 
time ill the past. It is not possible l(» di.scover general laws of 
.science by reasraiing alone from evidence ccdlecled by tlie 
senses. The human mind has to use its imagination to guess 
at the underl\ing principle which niav not be verified by an 
experiment or a logical iLLstilkation One can-, however, 
make some predictions or arrive at certain expectations on 
the basis of the hvpidfiesi.s .vlmh could be wiified by 
expeiiment 

A theor\' which fails to satisfy an indnecl test ol this type 
is immediatelv given up in .science, however attractive it 
may appear to be horn tf.e point ol view of its logical 
CunsisteiHV Newtons Iheorv’ tailed to explain the Miehel- 
son-Morley experiment and was. therefore, replaced by the 
theor\’ of relativity (In rationalism, considerable emphd.sis 
IS laid on logical consi.stencv hut there exist no criteria by 
which the conclusions of anv hvpothesis could he te.sted ) 

InlereslingK. the iheorx’ of leiativily gave use to two 
conclusions which appear to go counter to common sense. 
A weigfit of one kg should weigh the same whether it is at 
rest or is in motion, but the theory of relativity predicts that 
its mass should increase with its velocity. An actual 
experiimnt in the laboratory indeed showed that the mass 
of OT electron goes on increasing as its veloeitv annrnarhes 


the velocity of light. Again, according to common sense- 
cum-rationalism. the rate at which lime flows should be the 
.same for all objects or ohserv'ers all over the universe 
whereas actual experiment shows that it slows down as the 
velocity of the hodv increases and will become zero when it 
attains the velocity of light. 

The example of the solar system is not a good representa¬ 
tive of the events that occur in the physical world. For most 
of the events, the causal relation is not so clearly defined. 
*An example will elucidate this point. The electric bulb 
which we use in our homes has a limited life. Its average 
value can be determined by an actual experiment. But this 
value will not tell us when a particular bulb would go out of 
action. When it does, there has to be a valid reason why it 
happened but the parameters involved are so many that it 
would not be po.ssible to offer a satisfactory explanation. 

Modern phy.sics slates that many of our conclusions are 
similarlv statistical in natuie. One can speak of the 
probability of an event taking place (the burning out of the 
hulh in the above example). There is no certainty that it will 
happen. It has a surprising corollaiy that one cannot u.sc a 
theoretical .scientific argument to show that a particular 
event is impossible (for example, the existence of Cod). A. M. 
Low has given some examples which show that an 
indiscriminate use of logical arguments can lead to 
irrelevant and ab.surd conclusions. 

For most of the events in every’day life, the mtidificalions 
introduced hy modem physics are so insignificant that (hey 
could be Ignored, and the determini.stic conclusions arrived 
at on the basis of the Newtonian theoiy are rea.sonably valid 

As mentioned in the beginning, the existence of man 
consists of two parts wtiicli are not closely linked. It does 
not therefore fr)ll()\v that a scientist must neces.sarily he an 
alheist or that he should show no interest in poetry, music 
or painting. The ae.sthetic pleasure one experiences on 
.seeing a beautiful painting or hearing good music is 
.something which is bevond the realm of rationalism or of 
scientific analysis. With the help of science, we can improve 
the material quality of existence but all these things 
together will not make us happy or give us peace of mmd. 
We will not therefore lemain .satisfied with things in the 
material world for any length of time. If one sees what is 
happening in the advanced countries of the West, one would 
reali.se the truth of the above statement. 

Yet. in order to provide food and the nece.ssities of life to 
the people there is no alternative to an intensive use of 
.science and technology. Just as rationalism gave rise to a 
renai.s.sar.ce of science in Europe, the use of .science in 
everyday life cannot fail to have an effect on the way of 
thinking of the people. The renais.sance of science in India is 
therefore inevitable in view of the economic compulsions. 

V. T. Chiplonkar 
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She doesn’t remember seeing the sun rise, her 
mother’s smile or even her own face. For her 
life now has only one colour. Black. 

Priya lost her sight a decade ago. And as she 
grew up, she began to recognise the injustice 
of her handicap. She couldn't go to a regular 
school like others of her age. She couldn’t play 
like other kids. She couldn't read. She couldn’t 
see the flowers bloom The colours in her 
dress. The laughter in her friends’ eyes. 

All she can do is cry. And each tear she sheds 
IS a mirror of her own pain . fear ..and 
loneliness 

But Priya’s case is not without hope. Mci 
blindnc.ss. like that of*many others, is not 
without cure. There is a remedy that's simple, 
doesn’t cost anything and is efleclive Only 
It needs you. 

A simple cornea tiansplant can restore her 
sight. The useless cornea, replaced by a healthy 
one. And the healthy one could be yours. 

Eye removal leaves no scar ordisiiguremcnt 
And once you’ve pledged to donate, you’ll live 
with the gratifying emotion that your eyes \yill 
live much longer than you. And that some 
blind person will see... through them. 

If your heart goes out to the blind during 


your lifetime, let your eyes go out to them 
after death. It’s the most precious gift you can 
give them. 

To know more about eye donation, and what 
kinds of blindness can be cured, send us the 
coupon for a detailed brochure. 

Do It today. Remember, miracles can't cure 
the blind You can. 


I would like to know more about eye donation and 
cornea graftinf. Send me a detailed brochura. 

(kindly fill in bliitk leiirnl 

Njmc Mr /Ms___ 


Siaic_ 


Pintodc__ 
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Sight. A gift only you can save. 
















INC out the old and ring in the 
i . 1 J new” goes the popular saying 
I % traditionally used to usher in a 
' JL Vnew year. 1983 has drawn to a 
I close and 1984 would again be 
' brought in to the accompaniment of the 
I peels of a bell. But those impressed by 
tfte Orwellian prophecies may well be 
P acting “For whom the bell tolls?" in 
j. the expectation of a reply “The bell tolls 
! for theif, for us, for the human 
f species.” 

I The British author, Kric Arthur 
I Blair, writing under the pseudonym 
I George Orwell accorded a new signifi- 
I cance to 1984 so much so that it is not 
! just another year in the Christian era 
; dawning at the completion of the year 
I of our Lord 1983. It is a symbol. It is a 
[ newly coined word pregnant with 
I meaning and synonymous with apo- 
I calypse for mankind. 

Writing in the late '40 s about a 
' possible future society, Orwell set it in 
: a then distant future—Nineteen Fighty 
“ four creating a hypnotically desolate 
world. That future date is already with 
us, if not that dismal nightmarish 
world. And it is time to take stock of 
the situation to assess how far the 
Orwellian forecasts have come true. 

Whether Orwell indeed meant it as a 
prophecy or a paiody is a moot point. 
For Nineteen Eighty-four has become 
firmh established as a symbol tor a 
dehumanised society hastily brought in 
with the aid of scientific and technolo¬ 
gical development It is debatable 
whether Orwell was driven by the 
grue.some destructive force with which 
nuclear power made its entr)' m this 
world. He wa.s certainly influenced by 
the drawing of the iron curtain across 
post-war Europe. He was concerned, 
therefore, about what a totalitarian 
sodety could do with such stunning 
scientific advances to usher in a con¬ 
trolled, uniform, mechanical society 
totally de\'uid of all human traits. While 
the sociological and political aspects of 
this scenario however important, are 
not relevant to the present discussion, 
it is of interest to review the scientific 
and technological development that 
has taken place in the last forty years in 


order to asse.ss where we stand with 
ri\spiv.t I'l Orwell's portrayal 
Even the first few paragraphs of 
Oiwell's lainous novel gives ample 
evidence of how he thought of science 
becoming a willing or unwilling ally of 
the autocratic regime in its attempts at 
a rigid control of its subjects He 
de.scribed his timid protagonist Win¬ 
ston Smith, a mere cog in the wheel 
that constitute.': the Ministry of Truth 
being constantly watched by Tele- 
-scicens set in every wall. If this is not 
deterrant enough he is continuously 
admonished that “Big Brother is 
watching you". Sexual desire is forbid¬ 
den and procreation is carried out only 
through artificial insemination. Reg¬ 
imentation is the order of the day with 
attempts to root out individual variety 
and to promote uniformity. There are 
thought police who monitor and con- 
tiol one's thoughts. Thought crime is 


severely punished. Machines though 
man-made are used against him to 
control his behaviour. 

Orwell wrote it at a time when 
machines were increasingly en¬ 
croaching upon territories until then 
strictly human pre.serves. It i-s not 
.surprising therefore that he was uneasy 
about how the man-machine relation¬ 
ship would evolve (see pg 2 '.\). What 
provides proof of his perceptive, almost 
prophetic, vesion is that although elec¬ 
tronics had made only a hesitant entry 
into this world he could envision its 
dominating potential. Television cer¬ 
tainly existed then, albeit in a rudimen¬ 
tary form. Vacuum tubes were still the 
mainstays of electronic circuits which 
were space consuming. Transistor, in 
fact, was not introduced by Shockley 
and Bardeen until 1948 by which time 
writing of Nineteen Eighty-iour was 
essentially over and Orwell himself was 






mortally ill Computers were barely momentous event took place. VVe have 
introduced but occupied large areas come a long way and as we shall see 

and were very slow People could hard- some of the possibilities mentioned bv 
Iv consider them to be any belter than Orwell liave become fads But the 

^ reasonably fast calculators. Ami yet Biological revolutiJ)n that one witnes- 

Orwell must have had some premoni ses todavwassel into motion well alter 
lion of their power. Although he does Orwell’s death, 
not make any direct mention of a It is true that the philosophers and 

computeri.sed world,the scenario vivid- historians ol science would perhaps 
ly depicted by him could now he regard this current period more as a 

likened to. it albeit with the hendil of time of explosive advance and refine- 

retrospection. mciit ol information rather than a 


How Orwell could foresee procrea¬ 
tion only thiough artificial insemina¬ 
tion and more so of thought control is 
intriguing. For man had then just 
identified the master molecule of 
heredity. ^ the deoxyribonucleic acid 
(l)NA). Its structure was not unravel¬ 
led by Crick and Watson until about 
five years later. Since then of course a 
lot of water has fk)wn down the Cam 
river on the banks of which that 


revolution m bi(»!ogy. .Nevertheless, it 
cannot h** denied that this information 
has the potential to change man’s 
lifestyle for all time to come. 

The remarkable advances in molecu¬ 
lar biology—a discipline which wasn't 
yet born when Orwell died—over tlie 
past three decades have given man 
considerable understanding of tlie 
basic life processes. The cornerstone of 
this progress is undoubtedly the tech 


nique of gene cloning. The ability to ^ 
identify with precision the particular. ', 
gene responsible for endowing a .speci- ; 
fic trait and to remove that segment of ; 
the hereditary material is helping man ;• 
acquire enormous powers. The range of \ 
applications is truly mindboggling. It ,- 
could certainly be harne.ssed to lelieve ; 
man ol the .several impediments that ^ 
hold him in check, genetic defects*' 
siisceptihililies to ravaging disease * 
limits to physical and menial prowess, 
shorlage.s of food and life-.saving drugs. 
But it also promises to help him ' 
identify the manner in which the ’ 
expression of this genetic material is ; 
regulated hv natuic. A major line of 
research at the moment involves de¬ 
tailed .study ot the sites in DNA that 
have specitic regulating functions. 
Once this bs done, and that day doesn’t 
seem far away, eontrolliiig that regula¬ 
tion modifying it at will would become 
a distinct possibility. In tact, in 1983 
Itself,a new type of site, termed "enhan¬ 
cer" has been de.scribcd which may well 
turn out to be involved in the tissue- 
MH-ciIic and developmental regula¬ 
tion • the process which allows 
gri»wlti to lake pl.icc at c(jntrolled rale 
and in the intended direction. 

I.snifilion of specilic genelic material 
i.s no loiigei an arduous ta.sk. The 
lechnique is in fact being honed to 
perfection vScienlisIs have even gone 
further and introduced in animals 
genes wilfi a parlicidai lunclirn with 
draniaiic r*'sulls Prndiiclum of larger- 
Ihan-ncurnal mice is a lase in point. 

Artifkidl insemination, to which 
Orw'cll refer.s and wdiich was once the 
chosen technique of the livestock 
breeders, i.s finding iiuieasmg accept- 
aiKC by gvnaecologiats to provide 
solace to childless couples. Sperm 
banks have been estahli.shed and even 
single women have started shopping 
around for special genetic traits they 
wf)uld like their offspring to carry! 
Recently at lea.st two careerist and 
determined ladies in the US have got 
themselves impregnated with .semen of 
Nobel laureates. Continued advances 
would make even this present method 
of artificial insemination obsolete and 


iMPitiim 

Kmiticni 

pllTHEREI 


lETEEN EMIlTV-rOlNl 
I IT HERE? 


may eventually be able to do away 
,ith sexual reproduction entirely, 
^though not in human being but with 
ratory animals cloning or asexual 
iroduction has been achieved. This 
lives taking of an unfertilised egg, 
^ifanuding it of its nucleus and implant¬ 
ing in it nucleus of a cell from any 
Jbther organ. Such an egg cell finding 
l^hs^lf equipped with the full set of 
^chromosomes or genetic material 
\5tarts behaving the same way as it 
'■would if fertilised in Ihe usual manner. 
(■An egg cell from an African cloned frog 
’./artificially ‘fertilised’' with the nucleus 
;-.-jlW>m an intestinal cell of a tadpole gave 
ij’rise to a tadpole which was but a xerox 
^copy of the nucleus donor. Such algeny 
[Cis. no longer in the realms of .sci-fi. 
I* The analysis of genes, their pro- 
PHucts, their chemical structure, their 
lisiolation, their regulation is but a 
vsmall part of present-day molecular 
■^biology. Attention is being increasingly 
' devoted to unravelling of the mystery 
i^and eventual control of organ develop¬ 
ment and organism behaviour. Orwell's 
thought control is no more a mere 
flight of fancy of a talented and percep¬ 
tive genius. Hyden in Sweden and 
Ungar in USA have already reported 
■ successes with chemical memory trans¬ 


fer. When a broth made out ot brain 
ti.s.sues of rats (aught specifically to 
shun darkness which they normally 
prefer was injected into other rats, the 
latter also shied away from dark 
places. Ungar went further and isolated 
a small protein which he called sco- 
tophobin from the Greek words fur 
darknc$.s and fear. 

Although theiie experiments deal 
with induction of an existent behaviou¬ 
ral pattern,given the pace,development 
of molecular biology opens up the 
possibility of introducing de novo a 
desired or conditioned behavioural re¬ 
sponse. If this is nut thought control 
what is? 

One could use such a technique to 
enhance the extent or speed of learn¬ 
ing;,, But many observers feel that it 
co^ be equally or perhaps more 
g^dli^lly employed to control man's 
agg^ssiveness. Using another tack but 


with the same goal, American phy¬ 
siologist Delgado implanted electrodes 
in strategic places inside the brain of a 
bull bred and raised for fierceness. 
Then with only a small radio transmit¬ 
ter for protection he turned into a 
scientist-matador and stopped the bull 
in midcharge. Anthony Burgess has 
vividly demonstrated in his “Clockwork 
Orange’’ how such eradication of 
aggression can lead to a total loss of 
even self defence. 

Whi'tlKc the aim is thought control 


or not, thought process research is 
increasingly engaging the attention of 
neurophysiologists and psychiatrists. 
Richard Wyatt and William Freed of the 
National Institute of Mental Health in 
the US have been experimenting—with 
reasonable success—on brain-tissue 
tran.splants. The blood brain barrier 
created by nature presumably to pro¬ 
tect the brain from toxic substances 
also makes parts of the brain an 
immunologically previleged site. Thus 
icK'Ction of IhcM- lianspl.inls i^ 




averted. The grafted tissue has been 
shown to grow and thrive. The techni¬ 
que itself is beguilingly simple. All that 
Freed does is to drill a hole In the skull, 
push through an electrode to .stimulate 
different parts of the brain in order to 
locate the required region based on the 
j observed response to stimulation and 
C then inject the graft at the site. Work 
has already started on primates— 
the nearest evolutionary relatives of hu¬ 
man beings. Homo sapiens per se can’t 
he far behind. 


1 



Orwell's Scientific predictions thus 
have come true, in fact more than what 
he foresaw is coming into being. But is 
nineteen eighty-four here? For these 
scientific developments are mere in¬ 
struments according to Orwell. They 
are double-edged swords. 

How man uses them would decide 
whether we step off a precipice or stride 
into a brave new world. This fact seems 
to have been appreciated by man. He 
appears to be equally concerned and 
perhaps Orwell's parody has served as a 
warning signal. There are several signs 
of this. Despite the unabated ard un- 
.surpassed growth of nuclear missiles, 
Hiroshima and Nagasaki have not been 
repeated. True, satellites have been 
used for snooping but they are used 
more for communication and for 
reaching out to the universe. The new¬ 
found power of molecular biology is 
being used to increase food produc¬ 
tion, to make it more nutritive, to 


overcome the crippling manifestations, 
of genetic diseases, to prepare vaccine*^ 
for immunisation against ravaging in¬ 
fections. Proponents of brain research 
plan to use it to provide relief from 
neuropathies like Parkinsonism or 
Alzhemeir's disease. And finally there 
are at least two documents signifying, 
mankind’s collective wisdom, and in* ^ 
tention to keep the Pandora’s box'i] 
closed. The letter written by a signift- : 
cant number of senior nuclear physi- 
cists headed by Albert Einstein to ^e j; 
then President of the US warning ‘ 
against the nuclear weapons and a . 
similar attempt by molecular biologists '■ 
cautioning against further research in 
recombinant DNA technology known 
more popularly as the Asilomar declar¬ 
ation vouch for man's good intentions. 
One need not therefore despair with 
Orwell. 

1984 hascomeiit will pass. Nineteen 
eighty-four, however may not arrive. 


An evolving 

man-machine 

relationship 

Bernard Dixon 


D uring a recent visit to New 
York I noticed, m a Third 
Avenue store, one oJ' the most 
intri}{uing products of modern 
technology that 1 had ever seen. It was 
a carving knife. Rut it was not a simple 
knife, made m the traditional form. 
This was an automatic piece of cutlery, 
powered electrically and controlled 
electronically. Alongside the blade was 
an adjustable guide, and the handle 
carried several buttons, like those on a 
pocket calculator, together with an IVA) 
(light-emitting diode) display to indi¬ 
cate the speed of blade and thickness of 
slice selected by the user. This, then, 
was the silicon-chip version of one of 


mankind's most venerable tools Rut it 
was constructed in a form which would 
totally baffle an Indian from the north¬ 
west Pacific coast, a member of the 
llanunoo in the Philippines, or anyone 
else drawn from one of the world’s 
more primitive societies Indeed, such 
was Its complexity that it would baffle 
many citizens of the so-called developed 
West loo. 

Relationship with machines evolving 

1 propose to take that caA'ing knife 
as a symbol of what 1 shall he discus¬ 
sing in this article: the way in which 
our rapidly evolving relationship with 
machines, tools and apparatus is simul 




4ineous1y enhancing and impoverish¬ 
ing our lives. Largely as a result of 
.Jhe burgeoning of microelectronics, 

, man-machine interactions are altering 
^ in an unprecedented fashion, bringing 
''Itiew capacities, comforts and pleasures 
while at the same time threatening to 
'Obliterate important aspects of our 
iinderstanding of the world about us. 
Those of us privileged to live in the 
.midst of this revolution are, of course, 
more conscious of such changes than 
' are the peoples of the Third World. But 
' because the basics of microtechnology 
are so astonishingly cheap (think of the 
dramatic fall in the prices of transistor 
radios, digital watches and pwket cal- 
' cuiators over the past decade) there is 
' no doubt that these developments will 
' have similar effects on us all. It would 
be as well, therefore, to pause to 
consider some of the merits and de¬ 
merits of recent, contemporary and 
future change. I plan to do so by way of 
a number of key examples. 

Early radio receiver comprehensible 

First, let us consider radio. As recently 
cently as thirty years ago it was possible 
to construct a simple wireless set 
‘(so-called because it had succeeded the 
telephone) in a few hours. Tlie compo¬ 
nents, which were fixed with screws to 
an elementary wooden chassis, con¬ 
sisted of a detector (a crystal or valve), 
a coil of wire, a variable condenser and 
a pair ol headphone.s—^with perhaps a 
few extra items like resistors and a 
transformer in the case of a rat her 
more advanced reccivei -and batleries 
were required to operate the valve 
Using a circuit diagiani, the various 
elements were linked together with 
wire, switched on, and it was invariably 
found that the hook-up operated 
perfectly. 

There were two consequences of this 
arrangement First, anyone making his 
own .set- and the hobby was ve»> 
widespread indeed -could hardiv fail to 
understand .some basic principles of 
radio r1?ception The x,rvstal or valve 
detected the signal and the coil and 
condenser determined the desired 
wavelength from those available from 


incomparable with that of thirty years 
ago, and interference has been virtually 
abolished. The range of stations has 
increased hugely too. And all this has 
been associated with a fall, not an 
increase, in the price of equipment. 
Against the inflationary trend of recent 
vears, which has seen the cost of most 
errnsumer goods rising, high-quality 
g radio sets have plummeted in price. 
I But these very welcome develop- 
^ ments have also had a negative effect. 
I They have been made possible by suc- 
^ lessive stages of miniaturisation- first 
hv the advent of transistors, which 
the transmitters. True, it was nol Man to replace valves during the 

possible actually to observe electrons 1950s, then the appearance ol printed 

arising from the red-hot filament (the circuits, and most recently the emerg- 

cdthodc) and passing on to the anode ence of silicon chips and large-scale 

inside the glass valve. But the fact that integrated circuits. The end result is 

he was dealing with a tangible object, that the inside of a modern radio, 

like a light bulh, helped even the most whether a pocket receiver or domestic 

non-technical person to grasp what was version, is unrecognisible from that of 

happening Similarly, it was possible a similar set three decades ago. No 

literally to see the movable vanes of the longer are individual components con- 

condenser passing between the fixed nected with wire. Whole circuit, are 

vanes and thereby changing its capaci- made as integrated operating units: yet 

tance. People whi) played with radio m even those collective components are 

this way «»ften felt that the whole thing staggeringly small. Again, there are 

was something of a miracle But he- two consequences of tins step forward 

cau.se their equipment was so simple and People no longer build then own rc- 

solid, the miracle was comprehensible. ceivers. And they no longer repair 

The second Lonscqueiice was that them So, while the principles of 

repairing a defective wirele.ss was radio—principles such as detection, 

child’s play. The trouble was .sure to be tuning, rectification and amplifica- 

snmelhing elementary. The baller>’ turn-remain unchanged, their mod- 

mav have run druvn. Theie might be a ^rn physical form has taken them 

l«)ose L(»nneclion Or one individual coin- beyond the familiarity of all but the 

[moviit mav have failed ICiltier wav. ttie "*^Perts- -electronic engineers. Tht rest 

task ol localing and hm reding the fault I^Tms of scientific literacy. 

wa.s stra iglitlorward. And this ^^^1- 

appliLd even lo tht moie tiunples. Pocket calculators... 

moie powerfi.., reteivers purchased , , , 

commercially. The pnjhiem here, when Now let us turn to perhaps the most 
a set went wrong, was usually the ^I’vious of all incursions of modern 

demise of a valve—which could ea.sily niici’otechnology into private life: the 

he pulled out of it.'^ Iiolder and replaced, personal and dornestic computer. In- 

.. .. deed, let s go back one .step first and 

Radio changed beyond recognition recapitulate the arguments that were 

Today, radio has changed beyond triggered off by the appearance of the 

recognition Reception has improved earliest pocket calculators in the late 

enormously, paiticularly since the sup- 196().s. Teachers and educationalists 

plementation of (amplitude mod- argued ferociously at that time against 
ulated) by FM (frequency modulated) handing such gadgetry over to school 

tran.smission. The quality of sound is pupils, on the grounds that they would 




destroy numeracy and make young¬ 
sters into illiterates unabie to manipu¬ 
late figures or develop a 'feel' for 
mathematical manoeuvres. Against 
this viewpoint, other voices pleaded 
that silicon-chip calculators would 
actually encourage people to under- 
stan I numbers, quantities and mathe¬ 
matical functions. 

A decade later, it is quite ciear that 
the enthusiasts were correct. The use 
of calculators—assuming it is intelli¬ 
gent rather than blind use—does help 
children to familiarize themselves with 
the nature of arithmetical and algeb¬ 
raic processes. The very simplicity of a 
pocket keyboard and the speed with 
which it can be employed to repeat, 
check and cross-check caiculations 
makes it into a powerful tool for the 
promotion of numeracy, not its des¬ 
truction. Of course, the counter¬ 
arguments discussed above in relation 
to radio apply here too. Counting on an 
abacus is a minor step forward from 
counting on the fingers of your hands; 
it IS still ‘obvious’ and tangible. Move 
from there to a slide rule and you 
introduce a mure sophisticated princi¬ 
ple into calculation, hut the equipment 
remains accessible and understandable. 
Progress further, to the point at which 
you can do trigonometry on a minus¬ 
cule .scrap of silicon, and you place the 
operation of the apparatus outside the 
range of genuine familiarity. At the 
.same time, the facility provided by this 
microelectronic marvel is such that it 
can heighten beyond measure our 
grasp and use of mathematics. Finan¬ 
cial budgeting, for examnie, has been 
transformed, because people now find 
themselves routinely doing sums they 
would never have found lime for or 
even considered doing before. Figures 
brandished by politicians and lobbyists 
can be checked out in an instant. And 
so on. Far from curbing numeracy, the 
pocket calculator has created it: the 
person who is innumerate now is the 
person who cannot use one. 

to personal computer 

Hence to the personal and domestic 
computer. Even in 1983, it is possible 



to purchase a genuine computer, on 
which to learn programing, for under 
$100, and the current trend towards 
greater storage and handling capacity 
at a lower price will doubtless continue. 
This means that the vast majority of 
people can afford such mdchine.s. and 
large numbers are indeed buying them 
to help them munage their affairs. As 
Western countries (with France in the 
lead) move towards being on-line 
societies, tho.se prospects will take on a 
further dimensi(»n. With home termin¬ 
als linked to banks, shops, public 
utilities and olher«irgcini.sations it will 
be possible for ejttensiVL area.s of our 
affairs to be detenmned by computer 
software. 

For many people, such a prospect 
Will appear frightening—again bccau.se 
of its remoteness. Intleed, the electronic 
transfer or fund.s is certainly' more 
remote than, say. the transfer of coins 
to the oflicc in one of those old- 
fashioncd shops equipned with an over 
head system of cash Ctinisiers propelled 
along wires. One you can .see. the other 
you cannot. What fuis happened, as 
with the carving knife and countless 
other examples, is a move from a 
simple mechanical sysiem to an elec¬ 
tronic one. And this hns all occurred 
very quickly, bringing iri train v;hat in 
the United Slates is called 'high lech 
anxiety', an uned.se ci used by the 
suspicion that events that ought to be 
under our influence have gone beyond 
our grasp or understanding. 

The answer here, though, as with 
pocket calculators, is not to reject 


% 
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change but to consider how new techv 
nology will be used. It is you. after alt# I! 
who will program the computer to time ’ 
the purchase of your new car. It is you ; 
who will select the criteria which 
(together with real-time about second*, 
hand car values, the rate of increase in' 
new vehicle prices, and other relevant' 
g data) lead to the final decision. And i 
that decision, while still in your hands, !j 
will repre.scnt much more careful, de- , 
tailed consideration than would have' 
been possible without microelectronic' 
assistance. The balance of benefits* is 
quite obvious. 

Music-making considered 

My third example is a leisure activity: 
music-making. Of all man's traditional 
pursuits, constructing and playing 
musical iQstruments is one of the most 
elemental. Stretch a skin over a i 
wooden frame and you have a drum. \ 
Punch some finger holes in a reed or 
cane and you have a simple fife. Fix 
some pieces of gut between pegs on a j 
board and you have an elementary 
guitar or other strumming device. ! 
Stroke the strings with horsehair and 
you progress towards the violin family. ; 
As early man devised these archetypal ; 
instruments, he refined his under- • 
.standing of rhythm, pitch and melody. , 
Indeed, the he.st way even today to ) 
comprehend the principles of music is * 
l(» discover for yourself the physical ? 
laws governing a simple scale. Tapping | 
a series of glasses containing different j 
quantities of liquid is one approach. ; 
Another is to find the points on a ' 
.stretched string which have to be held ‘ 
down in order to generate the notes of . 
a diatonic or other scale. 

Production of the silicon-chip ^ 

Now bring yourself up to dale and | 
take a look in the window of a typical 
music shop. There, in addition to i 
conventional guitars and pianos, you ; 
will find a different family of instru- j 
ments altogether. Mo.st, but not all, | 
have a keyboard like that of the piano | 
and all are products of the age of the j 
silicon-chip. They range from electro- J 
me organs, which differ m only one | 
sense from a reed organ (they generate 
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,r.^und electronically rather than via 
*[ pipes), to sophisticated automatic 
. synthesisers which can yield the most 
grandiose music in the hands of the 
{ most musically untalented players. The 
; very latest such device, allowing non- 
:' musicians to make music instantly, is 
; now to be found in bars and restaurants 
I in Japan. It is a computerised amplifier 
{ which can transform the tuneless wail- 
( ing of d .stone-deaf person into some- 
. thing enviably musical—adjusting 
' pitch and tone accordingly. We have 
J come a long way from the fife and 
; drum. 

i 

Microelectronics—a spur to creativihi 

It is of course difficult to perceive the 
[' sort of .satisfaction that can be derived 
'. from 'playing' a fully automatic, pro¬ 
gramed synthesisci. or 'singing' into a 
piece of equipment which then manu¬ 
factures an acceptable voice in place of 
your own. So let us leave such excesses, 
and return to our main theme by 
considering what effect silicon-chip- 
based instruments have had on people's 
musical knowledge and aptitudes. 
Again, as with mathematics teachers at 
the time when potkel LalcuLilor.s 
appeared,' mu.sic tutors were the first to 
complain about home oipans with 
'automatic play' facilities when they 
came on to the market during the early 
1970.S. They felt that the incorporation 
into a traditional keybriard instrument 
of novelties such as rhythm generation, 
chord selection, and arpeggio 'fill-ins' 
would make young learners lazy and 
stifle natural talents. 

In fact, precisely the reverse has 
been made possible. Used to help, 
rather than replace, a person's own 
rhythmic, harmonic or digital skills, a 
modern microelectronic organ offers 
considerable advantages on the learn¬ 
ing curve, .someone in their third or 
fourth year ot studying the piano, for 
example, can turn to such an instru 
ment and pick up relatively painlessly 
the construction of major, minor 
dominant seventh and diminished 
chords. The silicon-chip replaces hour.s 
of tiresome work on manuscript paper 
Similarly, a dance-band musician who 


is having difficulty in imiprinting the 
rhumba, mambo or bossanova rhythm 
on his or her cerebral coirtex can drive 
enormous benefit by fo'llowing these 
rhythmic patterns on the machine. And 
for player or composer, the availability 
of a wide range of syntfiesized sounds 
(whether simulated versions of other 
instruments such as the trumpet and 
cello, or entirely new sounds) is of 
inestimable v(ilue. For both novices 
and experts, the resources of a modern 
electronic keyboard can be both an aid 
to performance and a spur to creativity. 
It depends entirely on how the machine 
is used. 

Clo.sely paralleling these changes in 
the musical world is the replacement of 
manual and electric typewriters by 
their electronic equivalent: the word 
(irocessor. There ate many benefits to 
be had from the use of word processors: 
rapid correction of mistakes, storage of 
many thousands of words, which can 
be printed out a.s hard copy at any 
time; and easy editing; such that para¬ 
graphs can be swi'tched at the touch of 
a ki'V. word.s can be altcied tliioiiglmul 
a lengthy text which can be resltaped 
i|Uickly Writeis v^ho have become thor- 
(lughly familiar with .such instrument.s 
invariably find that their work has been 
lightened and their output improved. But 
here too there is another side to the 
picture. Word processors now coming on 
to the market c'lo very much more than 
provide u.ser$ with facilities to make life 
easier. They incorporate features de¬ 
scribed as cre.itive—for example, word 
hanks which, in the manner of Roget's 
The.saurus, di.sgorge comprehensive lists 
of .synonyms the writer can consult when 
stuck for prei;isely the right noun, verb 
01 adjective Another facilitv is the auto- 
in.ilii colled ion of giammer ,ind syntax 
and spelling 


As my fifth example. I will take an 
incipient development that concerns 
scientists as a profession: the move¬ 
ment towards the electronic journal. 
For some years now, learned societies 
and international organisations have 
been increasingly concerned about the 
print, paper and other costs incurred in 
scholarly publishing. There have been 
many suggestions—such as issuing 
periodicals only on microfilm, micro¬ 
fiche, or as individual ‘reprints'— 
which would help to save money. But 
these have mostly been resisted on the 
grounds that a conventional journal, 
with its full, detailed discussions of 
experiments and their significance, is 
one of the keys to .scientific inter¬ 
course. It is through journals, together 
with conferences, that the dynamic, 
critical nature of science finds its 
fullest expression. 

Today, with world recession aggravat- 
vating the diseconomies of publishing 
even further, po.ssible salvation is at 
hand in the form of microelectronics, 
Wc can now conceive of a journal that 
does not exist in a hard, paper form. 
The idea is as follows. A research group 
would use a word proce.ssor to prepare 
Its latest paper. When the text is 
completed and checked, it would be 
sent on-line (probably through the 
telephone system) to the editorial 
offices of the journal concerned. There, 
the editor would scan the paper on a 
v[)(i (visual-display unit) and either 
return it on-line to the authors for 
revision or forward it electronically 
to a referee. The referee in turn would 
read the paper on a screen, key in any 
comments or criticisms, and return the 
material on-line (or on a disc through 
the post) to the editorial office. Even¬ 
tually, the paper would be accepted and 
would go into the next issue of the 
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journal. But none of the material 
would ever be set in type. It would be 
available, in a data bank, for interested 
researchers to access and consult. 
Their reading load for this and other 
journals would, in fact, be greatly 
eased, Instead of visiting the library to 
thumb through periodicals every week, 
they would simply key into a computer 
lists of important topics. The computer 
would do the rest, alerting researchers 
to the latest publications in their areas 
of concern and delivering the contents 
on screen at the touch of a button. 

An arrangement of this sort would be 
amazingly efficient. It would .save 


money. And it might well hasten parti¬ 
cular developments by opening up 
avenues of inquiry through highly 
selective literature searches. Science 
would undoubtedly benefit. On the 
other hand, there would be drawbacks. 
Such a sy.stem might, for example, 
heighten specialisation, by continually 
focussing the attention of electronic 
journal users on their own narrow 
discipline. Keying in your require¬ 
ments on a computer terminal is cate¬ 
gorically different from curling up in 
an armchair to browse through the 
latest batch of journals. So the chances 
of noticing, by .serendipity, an intercst- 


AN ODD MAN OUT 


L ike Sam clement (Mark Twain), 
Eric Blau is a writer more renowned 
by his mm dc plume, Ceorge Orwell. 
Foi all his enormous posthumous fame, 
throughout his life Orwell was the odd 
man out—a man ol maverick views, a 
bohemian who disliked bohemianism. a 
tramp who intended to .settle in life, a 
socialist who ever despised communism 
and a democrat who felt that capjtali.sm 
in etfeU was facism. Orwell was equally 
opposed lo the Right and to the so-called 
orthodox Left. 

Eric Arthur Blair was born in India in 
1903. He was an indifferent scholar at 
Etpn. Since he could not afford to go to 
a university without a scholarship, he 
opted for the Indian Imperial Police 
Service* in Burma. Troubled by bad 
health and had luck, Blair resigned hi.s 
commission and returned to England an 
embittered man five y**ars late?. He 
became ^by turns, a dish-wa.sher In a 
Pans hotel, a volunteer in the Spani.sh 
Civil War, a pamphleteer, a bruadca.ster 
on B.B.C. during the war years and a 
journalist and writer. 

Or^^'el^$ first wife, Eileen O’shaugh- 
nessy, died in 1945. leaving behind their 
lO-month-old adopted son Orwell mar 
ried Sonia Brownell in 1949, just three 
months before his death by pulmonary 
tuberculosis at 46 

A coml[)ui^ve urge to express his 
opinions mal^ him write. 'Writing a 


hriok is a horrible, exhausting struggle, 
like a long bout of some painful illness", 
lie said in Why I write (1947) '‘One 
would never undertake such a thing if 
one wem not driven on by some demon 
whom one can neither resist nor under¬ 
stand." It wa.s oniv after the Spanish 
Civil War that Orwell became a regular 
journali.st. Among his be.st known liter¬ 
ary works are l)otiv and Out m Paris 
and l/yndm (1933), Burmese Days 
(19.34). The Baad to Wigan Pier (19.17). 
Animal Fatm (194.5). and Nineteen 
Eighty-Four (I949i 
Nineteen Eighty Four presented a 
dystopia in which the Slate has achieved 
near-complete thought control 11 is a 
dreadful vision, ft might have turned out 
to be a far cry of its author. But thal 
Orwell ihi.s dreadfLil vision so clearly 
111 the late lOs is no les.'. commendable. 
The questions, whelher. whv and how 
Orwfll went wrong will be argued vehe¬ 
mently and di.scus.sed and will be .soon 
forgotten but the (jtch-phrases .such a.s 
"All arnmal.s aie equal, but .some are 
more equal" (the wittie.st remark in the 
20th century-^) and "'[tie Big Brother i.s 
watching" or ‘War is peace; Freedom is 
slavery: Ignorance is strength" will con¬ 
tinue to haunt the mind-s of political and 
social dissenters for many years to come 

AnK>n Tikekur 

Or. Tikehn is Heference Ctuet The Times, 
of India group of puhlicathns. 


ing paper in an adjacent field would tw 
virtually nil. Cross-fertilisation, whijifl 
is so important to the lifeblood 'of 
science, could well be impaired. On i 
different level, too, international intei''^ 
course might be adversely affected-^ 
particularly as it concerns Third Worldj 
scientists! 

Let us conclude by returning to oi|i^ 
initial question; Will the efflorescence 
of microelectronics, as well as enharicr 
ing our lives, also impoverish theiA>' 
Certainly, no aspect of life is likely^ljb^ 
go untouched by the revolution now lira 
progress, from the serious (the learne^l 
journal) to the trivial (the carvini^j 
knife), from leisure (music) to work! 
(word processing). And in every ease l 
one can discern the two sides of the'ti 
balance .sheet. While the astronomical. | 
resourcefulness of computers in medic- 4 
al diagnosis has already been estab-^ 
lished, for example, there are anxieti^| 
about what this may mean for th^l 
human skills which have long been^ 
major components of the physician's.; 
craft. Similarly the fully computeriaedi] 
farm of the near future (already, indi- 
vidual cows are being fitted with mini- ,j 
computers) could eclipse the farmer's ; 
traditional affinity with his stock, his i 
crops and the cycle.s of nature. ! 

The most disquieting aspect of the'*! 
silicon-chip revolution, though, is not < 
it.s distancing us from nature—even 
before the Industrial Revolution, man' 
was trying to do that—but its distanc-' 
ing us from understanding. 

Fortunately, as we have seen, that is 
not an ine.scapable response. Indeed, in 
many fields, such as mu.sic and domes¬ 
tic computers, the technology is .such 
as to facilitate learning and extend 
understanding. The real te.st is how to 
use It. And that poses a further ques¬ 
tion; Is education today helping pupils 
to grasp the full benefits oi the mic¬ 
roelectronic revolution while at the 
same time compensating for the loss of 
those familiar skills which really have 
gone for ever? q 

Hrmard Dixon is the ibrmer Editor of 
S(.ientl$L Reproduced from Impact uf Society on 
siienre; np. 2.1983©tiNESCO 1983. 




why do they occur? 



F ll<>I Ihcif was LlhWJS and then, 
as the ni^hl dest ended, total 
darkness Kor neatly three 
hrturs on that Id Julv eveiiinit; 
la.st year, the entire industrial State of 
Mahiiia.shtid wnil vviltioul power, 
grinding ever\thin^» t(» a hall There 
was a tanjiled mass of people and 
vehicles on the roads ol Bombav. I leav\ 
rains added to llie misers'. Ttioujih the 
power suppK came back by about eiftht 
o’clock m the niijlit. it was well nasi 
midnif^hl when the traffic lam ileaied 
up 

A series ol events led to this black¬ 
out Larliei in Ihe dav, at \1 ')(» p m . in 
a considerably loaded power s\stem. a 
generator at Koradi tupped and L'Oti MW 
ol power was Irist. It probably cm me 
back on line again, but at d l:d p.m.. 
Ihe Slate Klecliicilv Boaul luI its^.lt 
from Uuiamt bv opening out the line 
between Taiapui and hoiivili (vchich 
connects the Tarapiit Aturnic Power 
Station hi Itie dale grid) lo pievenl 
t'lUiaMt li HM drawing escess power 
hoin Ihe M.i!ijM>htr.i gild About tli»‘ 
same tune. I tic Iluhli-Belgaum line, 
connecting d'c Mate |o Kiirnataka. 
tripped to» a lew tniniiles Between .1 
and \ pm llie tiegueijcw sliowed no 
signs ol impioemg beyond 5 Hz At 
4.2\ pin lire Kolhapur-Belgaum line 
tupped, pushing the system fn'ijuencv 
down to iV 7) II/. when rnosi ot Ihe 
generating set - .n Maharashtra went ott 
the line and the state wa.s plunged into 
complete daikncs.^. 

The gravest power failure m the 
world occurred in North America on 9 


Novcinliei Plh.) \ h.uK up ula\ pn* 
lecting one -of the five line.-> feeding 
power from a TS hydroelectric power- 
station (Beck No 2) to the northern 
part f)f Canadian linited Slates Eastern 
<CA.M'Si:) Inter connection operated and 
caused the circuit-breakers at Beck to 
open the unlaulted line The pow’er 
flow on lire drsconnected line shitted to 
the remaining loui lines, each ot which 
thc*n became loaded beyond the crilkal 
level at which its back-up piotective 
relay was set to tunclK’n Tfius tlie lour 
remaining lines tripped out in cascade 
in ? 7 seconds Within four seconds 
alter tlie initial Inpout at the Beck 
Station, most of the i WI-m area east of 
Michigan was broken into segments 
(islands) The islands v^’hich had excess 
generation cxperienceil overfrequenev 
and those with excess load experienced 
underIreguency conditions heinre 
generators in all the areas ultimately 
tripped flue to large deviations in 
Ircquencv People wen* trapped in the* 
under-ground transit system and m tall 
buildings To Ihii'ty inillid'i people. Ihe 
only source of .liternalive power that 
night was the Pull Moon 

Although the two incidents arc not 
comparable, they raiM* several impor 
tanl questions 

Are there any deficiencies m the 
oveicdl planning of co-ordination ol 
perwer grids which w'oulJ trigger 
another incidcMii that will cascade 
(cause .sequential Iripouts) into a mas¬ 
sive failure of the system*' 

In our .sophisticated power technolo¬ 
gy which IS producing .supersizc gener- 


alois and iiiLUM.^ingK complex intei 
connections, have we m .some inst¬ 
ances neglected to provide adequate 
controls ,ind hack-up equipment that 
Can assist in an ernergenev situation’*' 

As one possible approach, have our 
stale electricity boards pKinned adequ 
ately lor scheduled load shedding by 
automatic and manual controls in an 
emergency situation in which under- 
Irequencv devel(»ps'-' Is the load shed¬ 
ding dictated by technical coiisidera 
lions-' 

Have we m the engineering prs^fes 
Sion become so self-satisfied by our 
lechnologiCiii and .scienlrtic achieve- 
iTVMits Itral we have lost sight of the 
potential dangeis lurking in emergency 
ur unexpected siluahons'*' 

To know and appreciate the reasons 
to» power failures, which are be‘-uming 
tro c:omm()n. one must first lo(»k at 
how a power .system works and hew it 
IS generally controlled That might 
help bring tc» the surface some glaring 
departures fnjm the standard technical 
guidelines for such opeiMlions and the 
consequences of sucli departures 

Klectrical power in India is gener 
ated at an alternating voltage who.se 
frequency is 5(i Hz (Hz. meaas cycles 
per .second); m some countries like the 
USA, the standard frequency is bO Hz. 
The standard frequency could be set at 
50 Hz or 60 Hz, but once fixed, this 
frequency must be maintained con¬ 
stant; this IS to ensure that the .system 
components like turbines, generators, 
motors and other electrical appliances 
which are designed to function at this 
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frequency do not malfunction. 

The frequency at which electrical 
power is generated depends on the' 
speed with which the generators rotate. 
The total electrical demand on a system 
IS met by the mechanical power sup¬ 
plied to these generators by the tur¬ 
bines (steam or hydraulic). Whenever 
the demand (load, in the parlance of 
electrical engineers) increases, steam 
or water input to the turbines is 
automatically increased by the gov¬ 
ernor-control mechanisms (see figure) 
At a constant frequency, the turbines 
and generators rotate at a constant 
speed 

Since tliere is a limit to which steam 
supply to a turbine can be increased, 
theie is also a limit to which electricity 
generation can be increased. But the 
demand for power may at times exceed 
even this limit Under .such conditions, 
Ihe Npeed of the generator and the 
frequency go down and settle at a lower 
value, resulting in underfrvqiitncy 
nperatiun of the sy.stcm. (This is be¬ 
cause the exce.ss demand for power is 
partially met by draw’ing on the kinetic 
energy of the rotating system, which 
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lowers Its .speed and consequently the 
frequency.) Continuous underfrequen¬ 
cy operation therefore means con¬ 
tinuous shortage ol electric power. 

In a way, this is similar to how 
supply and demand governs the price 
level in a free market, though, with a 
little difference. When the .supply of a 
commodity matches the demand, the 
price level remains constant: when the 
demand is more than the supply, the 
price goes up. In a power system, 
similarly, w'hen the demand matches 
the supply or generation, the frequency 
remains constant: but wtien the de¬ 
mand goes up over supply, the frequen¬ 
cy drops. 

If the electric power generated in a 
system meets the demand satisfactori¬ 
ly. then the system is working in the 
normal state. If an event like tripping 


of a line or a generator is likely 
result in a .state indicating overloading 
of system components and/or a 
shortage of generation, then it is called 
the alert state. And if the demand n 
cannot be matched by generation, atH 
the normal frequency, then it is called " 
the emergency stale This shortage of 
generation necessarily results in 
underfrequency operation i( no load is 
shed, that is, if power supply is not 
disconnected to a .section of the con¬ 
sumers sA lliat the demand matches 
supply again 

What are the consequences of such 
undertrequenev operation' Continuous 
underfrequency operation affects the 
performance of various equipment con¬ 
nected to the .system For instance, an 
induction motor driving a waler pump 
for irrigation would draw larger cur- 


It could happen again... 

A n elfitient. ecfinunnc and reliable 
power supply is essential \v every 
segment of oui e.'Jiiomy and it is in the 
vital interest of e\eryoiie to assist in ttie 
' 4on.stiULtive and remedial aLtii*n that 
need to he taken to all am Ihis supply 
Finding scapegoats is not Ihe answer nor 
are reeiiminalions in order Instead, those 
enlruslcd with ihe developrneniscicnct 
and lechnology, irkludiir* the electrical 
engineering professKrn in parheula’^. must 
I take up‘the Jiidlenge ot pioviding a 
•satisl.Ktorv solution to the problem of 
power failures 

The lailure'' rnav be due to laulls in 
generating systems or in instruments 
which continuously monitor power supply 
to various areas in the system Or it may 
be due to excessive overloads on the 
system which may then sink fa.sler than 
the rate at which load can be shed. In 
.short. It IS either equrpment failure or 
service failure. 

There are well-established procedures 
to overcome the technical problems asso- 


ciated with both the types ol failure.s 
Knowing all (he paiameters <)f operation 
and the contr(»l actions (one nf (hem 
hviiig aiilurn.ilK loail-sheddmg when there 
IS exiessive demand) to be e\eiciM‘d. Uk 
natural que.stion is. are they being prac¬ 
tised in lealily'*' There are reasons to 
believe that they are not 'I hen is there 
any interfereiuc by vested interests and'or 
poll!leal (orees^ This introspection among 
all those whii .ne directly «ir indirectly 
associated with the management ol the 
supply system.s will go a long wav in 
finding a .solution to (his ptohlem 
A starting poml could he (evhnical 
meetings, conleicnees and publications 
which wdl provide an open lomm foi 
prolessional discussions of the problems. 
One, unfortunately, notices in our coun¬ 
try the total ah.senLe of such exchanges it 
IS worthwhile to mention that the pre¬ 
liminary hearings on the Northeast black¬ 
out which occurred on 9 November 1965 
were held on 20 November, and the 
comprehensive preliminary report b>' the 
Federal Power Commission wd.s submitted 
to the US President on 6 December, 1965 


(lusl L‘7 days after tlu* incident) and wa.s I 
dv.iiliihle lioin the I'niled Males Covern 
meiil Printing (illice And within a short 
lime after theie was a final report, giving a 
complete analysis and several recommen 
dations 

All IheM' reports were puhlisheo and 
were available to anyone who wa.s in 
tciesled in Ihe siihieLl In tcinliasl. .ven 
SIX monihs alter the blacKniit m M.ilia- 
tdshlr.i, one dnts ridt know whellut a 
report has been submitted, though a 
(ominiltee was appoinled a month alter 
the hlaLkoLil 

It IS tiierefore the moral duty oi Die 
power companies, wlrettrer privale oi 
public, to submit detailed reports ol any 
major blackouts for open dis^iiSMon 
among professionals. This will help in the 
ultimate analysis of the problem and 
remedial measures to prevent the repeti¬ 
tion ol such occurrences 

Having come to grips with engineering 
challenges, there wrjuld still remain the 
formidable task of convincing the vested 
interests and political forces' Who will bell • 
the cat^ I 






Despite the serious consequences it has, 
why does our system operate most of the time 
at a subnormal frequency, usually 49 Hz? 

The reasons seem to be far from technical 


\ 

t lents dt reduced frequency which low- 
rers Its dfTiciency, for the same power 
^output, more electrical energy would 
be consumed and the electricity bill 
^ would go up Domestic appliances us 
ing induction motor drives like re 
^ frigerators and air conditions s are 
similarly affected Electric clocks con- 
j^fiected to the system would run slow, 
^which is one of the reasons why electric 
I clocks have generally gone out of the 
[, market As for domestic appliances 

^ which do nut use induction motor 
s 


drives, like lamps, irons, geysers and 
heaters, thev are not affected much 
Not so obvious to the common man, 
but well known to power engineers is 
the damage that underfrequency opera¬ 
tion can cause to generating machin¬ 
ery, particularly steam turbines At 
off-normal trequencies the turbine 
blades are subiected to shock and caused 
to vibrate, the greater the departure 
from the normal frequency, the greater 
the vibrations And the vibrations could 
reduce the turbine life Research into 


this aspect was conducted by General 
Electric in the US in the mid-1960s 
following the Northeast power failure 
The conclusions of this study gave the 
time limits for off-normal frequency 
operations of steam turbines (see fi¬ 
gure) Though some engineers have , 
expressed doubts about the exact value 
of these limits there is unanimity that 
frequency should be restored to normal 
in the shortest possible time 
Continuous underfrequency opera 
tion also greatly hampers the man 
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oeuvring capability of system engineers 
in emergency conditions. A generator 
is set to trip automatically when the 
frequency drops to 47.5 Hz (5 per cent 
deviation from the normal of 50 Hz). 
Now consider a system which constant¬ 
ly works at 49 Hz. In case of severe 
disturbances, the frequency would 
reach 47.5 Hz much faster than when it 
operates at 50 Hz. This means that the 
time available for corrective action is 
drastically reduced and chances of a 
generator trip increase. Though a 
generator trip is not uncommon, and 
may generally be tolerated under nor¬ 
mal operating conditions, tripping 
under emergency conditions gives a 
devastating blow to the system because 
it results in less availability of power 
precisely when one wants more and 
more of it. 

Despite these serious consequences, 
why is it that our system operates most 
of the time at subnormal frequency, 
usually at 49 Hz? There appear to be 
considerations which are far from 
technical. 

Manoeuvring under emergenQi 
conditions 

In an emergency, there are generally 
two ways of bringing the system back 
to normal, the/irst is to shed load and 
second, to boost generation if suffi¬ 
cient spinning reserve capacity is avail¬ 
able (spinning reserve is that power 
which can be injected into the sy.stem 
within 10 minutes and is obtained from 
generators which are kept running and 
are usually supplying very little power 
but are ready to pick up generation 
when demanded). There are standard 
guidelines given by power utilities and 
organisations for ioad-.shedding. For 
example, in the US, automatic load¬ 
shedding relays are set to disconnect 
supply when the frequency drops 1.5 
per cent below the normal. What is to 
be the setting of these relays when the 
system normally (!) operates at 2 per 
cent below normal? 

The dilemma here is whether or not 
one should readjust the relay settings. 
And, if yes, to what extent? If the 
short-term approach of adjusting the 
relay settings gees very far, it may 


upset the entire coordination of the 
underfrequency settings in the system. 
For example, if the generator relay is 
readjusted to trip at a lower frequency, 
say 46 Hz, then the underfrequency 
setting of all other generators and 
relays in the system will have to be* 
readjusted, which is a serious problem. 
Also, if the rate of frequency decline is 
very fast, then a crucial generator may 
trip before the automatic load¬ 
shedding relay disconnects the load! Is 
this what happened on 13 July, 1983 in 
Maharashtra? That the Koradi generat¬ 
ing unit tripped at 2.50 p.m. has been 
reported, but was it the cau.se of the 
final collapse at 4.21 p.m.’ Or was 
there any further loss of generation 
elsewhere? 

Boosting the spinning re.serve comes 
only next to load-shedding in .saving a 
sinking system although it could he 
effective in the initial stages of declin¬ 
ing frequency. There are, however, 
some problems. Boosting generation in 
the shortest possible time would re¬ 
quire close and efficient coordination 
of boiler controls and the lurbine- 
governor-control mechanism. There 
would also be a limit on the power 
ramping rate (the rale at which 
generation can be increased) which 
would again depend on the particulars 
of boilers and turbines. Also, if the 
generation is increased at a rate faster 
than recommended in an anxious mo¬ 
ment, there is every likelihood of the 
generator being tripped due to some 
other upsets in the boiler or turbine at 
a critical point. Thus will defeat the very 
purpose for which the spinning reserve 


IS provided. Because of these factors, 
the effectiveness of spinning reserve in ' 
bringing a collapsing .system to normal: 
working condition is rather limited. 

System restoration 

System* restoration starts when the 
system has failed completely or partial¬ 
ly and has come to some steady state. 
More often, it is the “brownout" rather 
than the blackout, from which restora¬ 
tion starts. How soon the .system can be 
brought back to normal depends upon 
the generation sources (thermal or 
hydro), transmission facilities, availa¬ 
bility of auxiliary power sources, the 
nature of disturbance which caused the 
failure, the availability of qualified per¬ 
sonnel for unit and station start-up and 
the .system load requirements. Thermal 
power stations take a longer time for 
start-up. Hydroelectric stations, on the 
other hand, have a distinct ad.'antage 
over thermal stations in that they can 
usually he started without auxiliary 
power other than the emergency bat¬ 
tery requirement for light and control 
circuits By placing gas turbine gener¬ 
ating units at strategic urban locations, 
power supply can be restored at least 
for vital services almost immediately 
following a widespread system power 
failure. The complete restoration plan 
involves adjusting generation to de¬ 
mand. resynchromsing the islands 
Which had formed, restoring loads 
which were shed, getting generating 
units or plants hack on line, re¬ 
establishing .scheduled interchanges 
and then scheduling repair of any 
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Introducing the revolutionary 
new PLUTON 



Saves 80% 
on electricity 

The Pluton luminaire 
houses a revolutionary 
Philips PL9 watt 
lamp which gives light 
equal to a normal 
60 watt bulb 


The last word 
in flexibility and elegance 

This sleek, attractive 
luminaire turns any way you please, 
directing a beam of bright and pleasant light 
exactly where you want it 

Philips Pluton IS ideal for your executive 
table, work-bench or for reading at home. 


The PL Lamp 
lasts 5000 
burning hours 

That’S 5 times longer than 
the normal bulb 
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COOKING 

SCIENTIFICALLY 


C OOKS were the %vorld*s first scientists 
and they are still among the most 
skdful even if unwittingly so Ever since 
prehistonc tunes, cooks have used sound 
scientific principles, even if only dimly or 
incompletely understanding them, m pre¬ 
paring and processing food Recipes, most 
of them handed down through generations, 
represent the culmination of much trial and 
error, and many experiments in the kitch 
en Cooks have always been good at ex¬ 
perimentation and keen and minute in their 
observation of the results, two vital aspects 
of all scientific work 
Indeed modern science s debt to cooking 
IS greater than might be imagined The first 
laboratories were kitchens, the first re 
search benches kitchen tables, the first 
scientific equipment the* stoves, cauldrons, 
jars, bottles, pans bowls knives ladles and 
ovens of many a long forgotten kitchen 
Prom the earliest alchemist to the youthful, 
budding scientist of tod^, the kitchen has 
always exerted a tremendous fascination, 
and the mysterious processes of heating 
soaking baking grinding grating, chop 
ping, mixing and even brewing first began 
in the kitchen long before laboratories were 
invented 

Look dt some of the ways the cook acts as 
an unwitting scientist Heating is of 
course the commonest cooking operation 
Most foods are easily digested if heat is used 
to change the protein and starch in them 
into forms which are more readily broken 


down by the body The natural enzymes of 
the digestive juices can more effectively 
reach their “target" molecules, when the 
outer cell walls and membranes have been 
broken down or burst open by the heat of 
cooking 

Tips for vegetarians 

Colour plays an important role in veget¬ 
able cooking Cooked peas, for example, 
may be an appetising shade of green or 
biliously coloured, depending on how they 
were cooked Chlorophyll, a green pigment 
in plant tissues, gives peas and other green 
vegetables their characteristic colour Che 
mically, the chlorophyll molecule has a 'head 
comprising of a magnesium atom enclosed 
in a large, flat ring-shaped structure and a 
tail The presence of this metal atom gives 
chlorophyll its bright green colour In the 
presence of natural acids and heat, the 
chlorophyll molecule is attacked The mag 
nesium atom is substituted with hydrogen 
atoms causing the colour to fade 

Thus peas and other green vegetables like 
palak, beans, and cabbage should be boiled 
or cooked in an uncovered pan in a minimal 
quantity of water or without it After one or 
two minutes of boiling the heat should be 
lowered and the vegetables allowed to cook 
till they are tender This ensures that they 
do not lose their colour 

Carrots too change colour on cooking 
The pigment carotene confers a character 
istic orange yellow colour To prevent dis 



Cimfj hn iheir brIlUMBt onaga cobrnM 
Uoa on eooUng and tnm j dull yoUm | 


colouration, carrots should be cooked as 
little as possible Other fruits and vegetables ^ 
whose colours fade on cooking include red 
pumpkin sweet potatoes and oranges 
When a cook puts peeled potatoes in 
water before boiling them or sprinkles 


Cooks unwittingly rely on I 
basic scientific phenomena J 
to tickle the palate and " 

delight the eye . ' 


lemon juice over apples and bananas in av 
fresh fruit salad he prevents the natural^ 
oxidation process that causes unsightlyJ 
browning Alternatively, apples and bananas 
can be cut with a knife dipped in a 
salt water solution 

The traditional squeeze of lemon juice on 
boiled rice keeps it white and fluffy and 
prevents unattractive yellowing This, in 
fact IS a sound chemical treatment of an 
dcid-sensitive pigment in the rice that turns 
yellow if it become too alkaline LeiiMNl 
juice added to sauces retards spoilage due to 
bacterial growth because of its citric aci^ 
content 1 


Pub cooM in vinagar appur a drab olive colour, while those cooked in baldog soda 
are an appetising green 
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With respect to mineral!* Jiid vitamins 
^^the news IS bad. Cooking depletes or 
pilei9troy.s these nutrient.s. Bicarbonate ot 
pHMia. is often added to ^reen vegetables to 
;|^il|fliprovc their colour and to items like white 
'j ^i^ms {Cicer anetum--chana), for fast 
I ^cooking. It creates an alkaline solution that 
14g^erates loss of vitamin C. The use ot 
I (brge amounts of water in cooking, is the 
0 ;worst of all, as water dissolves or leaches 
y i^ssential minerals and vitamins which are 
ifkt behind m the pot, 

' Chinese cooks have always used fer- 
^^'mented soyabean sauce to enhance the 
:-natural flavours of cooked food. Modern 
^.'^1 culinary science now gives both the food 
f j manufacturer and the housewife the vital 
I,.’: Chemical ingredient of this sauce, monoso 
glutamate or ajinomoto as it is 
'^.^jpopularly called, for exactly the same pur- 
Volatile flavour components are re- 
4>^kased by heating it with vegetables, like 
|;^it^ito(s» cabbage and other foods. 

' Fats, an important nutrient, are general- 

easy to digest and are little affected by 
|;r^ormal cooking. Overcooking reduces Ihcir 
? 'nutritive value, while prolonged overcook- 
y, ,tng makes them inedible. By far the must 
I important result of cooking fats is on the 
.other foods cooking with them, as fats add 
'I essential nutrients. The Indian and Chinese 
practice of cooking vegetables and other 
foods in groundnut oil or soyabean oil, for 
' ei^mple. adds vitamin B and linoleic acid to 
the finished dish Frying an egg in huttci or 
margarine al.so adds a whole cluster of 
nutrients, including vitamins A, D. and E 
and triglycerides. Cooking with fats adds a 
high pioportion of talories to food. 

' Savouries 

The cook has also always been an unwit¬ 
ting physicist, loo. conjuring up various 
surface phenomena essential l(» ceitain 
culinao' re.siilts Fur instance, when puff - 
pastry or paivlhas are halted or cooked, 
pockets (it steam arc generated between the 
layers of flour and fat, causing the food- 
item to swell Thus expanded form, especial 
-ly for the pastrw is later preserx'ed when the 
heat of the oven sets the flour prolein.s, .so 
that correct baking times and temperatures 
are purely chemical conditions that the 
:ook must regulate. 

' Similarly, the formation of a skin on the 
.surface of heated custards, sauces and 
iimilar foods is prevented hy putting a blob 
sf butter on them This nelts and so 
prevents the interaction of the liquid with 
4 foe air to form a cooling crust of skin or an 
I'apron”. On the other hand, 
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The white and yolk of eggs differ in basic Tender and tough meats also differ in 
composition and nature of their proieina composition 


when the conk whips up the white of an egg 
to make meringue, this same reaction of 
surface-setting is deliberately encouraged. 
To ensure this, all fat must he absent, and 
since egg yolk is nearly one-third fat. it has 
to be most carefully separated from the 
white, which alone is used. 

Whipping of egg whites for meringues, 
souffles and cakes is related to changes in 
protein structure. Egg whites normally 
exist in the presence of water. By whipping 
air into the system, the proteins get stretch¬ 
ed and unfold to form a rigid, foamy 
.structure, [see Sciencf. Today. June I9H3, 
page 39.1 

fc^gg yolk IS generally the emulsifier in 
preparations like mayonnaise, ice cream 
and milk-jelly. Its fat content comprises 
phospholipids and cholesterol which have 
excellent emulsifying properties. 

The protein content of the egg contri¬ 
butes the property of coagulation and so is 
Li.sed to bind mince when making meal balls 
or cutlets. For vegetarians, the boundary 
effect IS obtained by wrapping the cutlets 
and other items to he fried like pakodas in 
hesan (gram flour) puree. Heat-induced 
coagulation causes changes in the proteins. 
In raw eggs, the protein molecules exist as 
long coiled, roughly spherical chains held 
together hy weak bonds. Heating changes 
this. It causes the weak bonds to break and 
the protein unfolds and forms a rigid gel. 
This process is called denaturation. White 
proteins coagulate at 62T to 65”C while 
yolk proteins coagulate at 70X\ Coagula¬ 
tion IS an irreversible process so when 
making custards, sauces or other dishes 


which require only thickening and not 
complete coagulation of eggs, the heat 
should be slow and regulated. 

All cooks also make use of some man¬ 
made chemicals in their work, like baking 
powder for instance. Baking powder is 
sodium bicarbonate mixed with acid phos¬ 
phates and tartrates. It releases carbon 
dioxide gas inside flour products and so 
**raises" or lightens them. Man-made che¬ 
micals also greatly enhance the flavours of 
certain savoury dishes. 

Meats 

It has long been known through practical 
experience that tender meat from young 
animals needs little cooking, but tougher 
varieties require long and careful cooking 
to make them palatable. This is because 
tender meats contain little connective '.is¬ 
sue and the others much more. Long 
cooking is required to break them down or 
render them into gelatine that makes the 
meat tender to chew. However, the same 
effect can be achieved without cooking too; 
in hamburgers and kheema for instance, 
beefsteak or slices of meat are broken up by 
chopping and can be eaten raw as steak 
tartare. 

Gastronomists even cla.s$ify the flavour of 
cooked meats into two categories: *ba$e 
notes’ and ’species notes'. Base notes in 
effect, are characteristic of all meats and are 
similar in character. Tliey are derived from 
heat-Induced changes in the sugars and 
amino acids present in meats. Species notes 
are those subtle flavours that distinguish, 
say, chicken from mutton. 


$ onn.6] 




BIGRADE PROPERTY OF MAGIC SQUARES 


AMONG the interesting properties of 
xAmagic squares, the bigrade property was 
shown by D. R. Kaprekar in Science Today. 
March 1981, where he maintained that this 
property does not hold for magic squares of 
order higher than three. However, 4x4 
magic squares also have this property. 

A fourth order magic square formed by 
the numbers 1 to 16 is shown in Pig. 1. The 
magic constant of this square is 34. that is. 
the numbers in each row, each column and 
each of the two main diagonals add up to 
34. The sums of the squares of the numbers 
in the two outer rows are, 

lH14H1.5*-f 4^=438 
13*+2=+3-+16-=438 

and the sums for the inner rows are 

12-'+7*+6^+9='=310 

8Hir+l0‘+5-=310 


sides of the dotted square (12.14, 3 and 5; 
15, 9, 8 and 2) show the following prop¬ 
erties: 

12+14+3+5=15+9+8+2*34 

12*+14"+3'+5'-lS'+9'+8'+2'-374= 

34x11 

12’+ 14’+3V5“= 15H9^+8^+2^=4624= 
34x136 

Note that the sums of the squares and the 
cubes of the numbers are multiples of 34 
which is the magic constant of 4x4 square. 

The rows and the columns of the 4x4 
magic square can be shuffled to give the 
magic square of Fig. 3. The sums of the 
squares, as well as of the cubes, of the 
numbers on the main diagonals of this 
square are equal 

12'+3'+14H5-=8H15H2H 9^=374 
12'+3^+14'+5‘=8*+ 15'+2'+9*=4624 
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3P+y+ir+7*=2y+15*+23^+P *13» 
3*+2P+13'+2?*5^+19'+ir+29* =134 
Another 4x4 magic square can ^ 
obtained from the digits 1, 6, 8 and 9. Thl 
magic square (see Fig. 5) has a magi 
constant 264 and has some curious pr^ 
erties. These properties bear resemblano 
with the well-known bigrade property 0 
magic squares. ^ 

The sums of the squares of the numbefei 
in (he first row and the second colum( 
<1R=2C) are the same: ;.i 

96^+ir+8y+68»-ll*+69'+86‘+9i 

*2188! 

Similarly for the second row and the'flM 
column (2R=1C) the sums are again equ4 
88^+69'+9P+16'=96>+88’+61*+im 

=21(MBH 

The sums for the third row and fourtM 
column (3R=4C) and for the fourth rduda 
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The .same i.s true of the culumiib. bldch 
outer column’s numbers when squared and 
added give the sum 378, 

1=+12^+8'’+13'=378 
4'+9'+5'+l6==378 

Each inner column's squared number add 
up to 370 

14^+r’+llH2‘=370 
15-+6-+10H 3=370 

The 4x4 magic square under considera¬ 
tion has some additional interesting pro¬ 
perties. Inside this square draw a smaller 
.square as shown by the broken lines (Fig. 
2). The numher.s appearing on the opposite 


Now. we show the bigrade property ut a 
fourth order magic square formed by using 
odd numbers from 1 to 31. This magic 
square (Fig. 4) has a magic constant of 64. 

For the two outer rows the sums of the 
squares of the numbers are, 

3P+3H5-f25‘'=162() 

7'+27‘'+29‘+l’=1620 

The sums for the inner rows are 
9'+21‘+19'+15‘=lJ()8 
17'+ 13*+11-+23’=11I)8 

For the outer columns and the inner 
columns the sums are respectively 1380 and 
1348. 


and third column (4K=3C) are again thi| 
samc:61^+86'+18'+99-^=68^+l6‘'+99^+gl| 

=21242 

19H98-+66‘+8r=8y+9P + 18*+^ 

Thus there exist some relations betweer^ 
the sums of the numbers in the neighbourt 
mg rows and columns. This property can bc$ 
called amicable property of mag*: squares.^ 
When the above square is turned upsid^ 
down It still has the same magic sonstant.^ 

P. K. Nukheijeet 

Dr. Mukherjee is lecturer m Physics at Deshban ^ 
du College, New Delhi. ) 


PLAY WITH DIGITS 

T he digits, to begin with 8 and 9 can be 
played with to give products of ititerest- 
•ing properties. We have: 

9x8-72 

79x8=632 

Let us denote the multiples of 8 as Hi and 
the result as R, in the xth stage. Generally, 
M, ran be obtained by placing the extreme 
left digit of Rta_i), on the left of and 

Rk can be obtained by placing, x consecutive 
digito starting with 2, and (8-x) in unit. 


10th, 100th... position respectively. And K, 
will always be of (x+1) digits. We have: 

9x8= 72 (i) (7=8-1) 

79x8- 632 (ii) 16=8-2) 

679x8= 5432 (in) (5=8-3) 

5679x 8- 45432 (iv) (4-8-4) 

45679x8- 365432 (v) (3=8-5) 

345679x8* 2765432 (vi) (2=8-6) 
2345679x8- 18765432 (vii) (1-8-7) 
12345679x8- 098765432 (viii) (0=8-8) 
In die 3rd stage, x-3. Hence,3 consecu* 
tive digits, nain^ 2,3,4 and 8-3=5 make 
the aeries auto-consecut^e. In the 8th stage 


x-8, that is, 8-8-0. Therefore R, is not of ? 
(O + D-O digits but of 8 digits. | 

It is interesting to note that the extreme: 
left digits of M, (excluding 1st stage) and ft. ^ 
are consecutive digits. And in 8th stage if 1 j 
is taken away from M,( and [(9-l)-8i isj; 
removed from R,, the numbers are symme-) 
trie to each other, that is, they are reversed | 
in order. | 

Skisi Chaknborfyj 

Mr. Otakmborly is a ^ res OOker at Centnl | 
CoaMelds Ltd, DhankanoL Orissa. I 
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ENERGY DILEMMA 


and environmental pressures on the rise 
and failure to catch up with other energy 
options, will perforce make this transition 
disruptive, even brutal. What is needed is 


T he 12th Congress of the World Energy 
Conference (WGCi was held at New Delhi 
to September, 1983, with over 3,000 dele- 
iiates from about 70 countries, wec is a 
world organisation in London having obser¬ 
ver status with the United Nations. 

The theme of the conference was "Energy 
development—quality of life". Comprehen- 
,Sive confabulations by diffeient working 
groups on specific subjects like energy 
conservation, hydrocarbon technology. 


utilisation of thermal power generation is 
aby.smaily low while energy-efficient means 
and methods cry for implementation by the 
Indian industry. 

The WKC epitomised the inexorable 
energy transition, which given an optimis¬ 
tic but realistic energy policy characterised 
by diversity and flexibility, can be smooth 
and gradual. In contrast, exponential 
growth in energy demand, with population 


not money but imagination to usher in an 
era of abundant energy without attendant 
hazards and ecological implications in the 
foreseeable future. 

Dhirendra K. Dixit ^ 

Mr. Dixit a member of the faculty of mechanical 
engineering at the Visvesuaraya Regional Col¬ 
lege of Engineering. Nagpur, is currently on 
deputation with the Department of Mechanical 
Engineering at the Indian institute of Technology. 
Bombay. 


availability of thermal generating sets and - - ^ - - , 

' international cooperation were undertaken. IVIOrB IIQIIt Oil ptlOtOSyntllBSIS 
A special session was also earmarked for 

energy scenario in India. All mall, it was a rpnE International Congress on ‘Photo- obtained in the pa.st three to tour years 
unique venture in cooperative global energy J[ synthesis Research’ is held once in three using inside-out chloroplast membrane 
.forecasting. years and the sixth such Congress was held vesicles suggests that the partition regions 

, The purpose of all this exercise is to in Brussels, Belgium from 1 to 6 August, of the grana in the chloroplast may contain 

■ underscore the role and contribution of 1983 . Traditionally the Congress is attended only photosystem II (the photosystem I 

such a world meet in evolving a global by a large number of scientists and virtually components seem to be absent from parti- 

energy strategy with a long-term pespec- ap t|,g leading researchers working in the tion$). The stroma-expo.sed membranes 

tive. Euphoric expectations about concrete difterent aspects of photo.synthesis research contain all of the photosystem I. 

projections or future directions, however, are piesent. The Bru.ssels Congress was Additionally the membrane appears to be 
soon evaporated during the cour.se of the attended by over 900 scientists and con- a dynamic structure. There is now convinc- 

meeting. Except for mouthing platitudes sisted of 10 plenary lectures, 20 symposia, ing evidence to show that phosphorylation 

like: minimising the use of oil and king- about 750 poster presentations and a special of the light harvesting pigment protein 

coal, and nuclear power as hope for tomor- evening session to di:»cuss "Science and complex Ian intrinsic membrane compo- 

row, with renewable energy sources chip- government policy". nent) results in its lateral diffusion in the 

ping in as country-cousins and maturing The 10 plenary lectures and 20 symposia membrane. The phosphorylation-induced 
after the turn of the century, nothing sessions were devoted to up-dating of our mobile nature of this pigment complex 

concrete came out of the whole extreise. knowledge in different aspects of photo- permits the membrane to deliver, in a 

Ironically, since about half of the energy synthesi.s research, with .special emphasis regulated manner, the excitation energy to 

consumption in uur countiy (and perhaps on the developments that have taken place the two photosystems. Thus the rale of 

in other developing countries too) is in the Mnce the last meeting held in Greece. turnover of the two photosystems which 
non-commercial sector, not even a token The different aspects of photosynthesis must function in series, is critically ba- 

discu.ssion was thought appropriate or re.search discussed at the meeting included lanced by the dynamic nature of the mem- 

necessaiy on this topic. the molecular architecture of the photo- brane to achieve maximum efficiency. 

Incidentally, the recent World Hank rc- synthetic membrane, regulation of excita- The precise function and characterisati'on 

i port doesn’t seem to set much .store by tion energy distribution, enzymology and of different electron transport components 

i renewahle.sourcesofenergy, about which it regulation of carbon dioxide fixation, is also becoming clear. The structure, 

I says: "The development, adaptation and organisation and expre.ssion of chloroplast subunit character and proton pumping 

application ol certain technologies, such as genome, effects of stress conditions on the function of cytochrome f/b6 complex was 

photo-voltaics and biogas-digeslers has structure and ' motion of photosynthetic reported. 

proved more difficult, and their costs have apparatus, development of the chloroplast, There has been a hectic activity in 
not come down as quickly as was initially structure, biochemistry and biophysics of understanding the organisation and ex- 

forecasted." Its recipe for the developing reaction center complexes from photo- pression of chloroplast genome. The map- 

nations is to go in for. oil cxploiation and synthetic bacteria, algae and higher plants, ping of the circular dna of chloroplast has 

exploitation of coal and hydel powei. electron and proton transport, solar energy progressed further. The mapping and iden- 

This picture, however, has no foundation utilisation by photo.synthetic organisms, etc. tification of products of photogene 32 was 

*m facts By adopting an optimum energy- 'I'he knowledge in different areas is grow- reported—these photogenes are not clus- 
mix with a sensible balance between nuc- mg fast and .some of interesting develop- tered but are dispersed. Also only about 16 


lear apple and !>olar orange. India can and 
should tide over energy transition blues. We 
hgve just exploited 12 per cent of the total 
hydropower potential estimated at'75.000 
m\v at 60 per cent load factor. Capacity- 


ments are considered in this report. A 
majoi development reported at the meeting 
related to the lateral heterogeneity in the 
organisation of the components of the 
chloroplast membrane. The evidence 


per cent of the genome is responsive to 
light and is estimated to be 17 kilo base 
pairs (KBP). The gene coding for herbicide 
binding protein is chloroplastic and has 
been sequenced. 



The gene-cloning techniques have proved 
useful in determining the amino acid sequ¬ 
ence of polypeptides (by nucleotide se¬ 
quencing) and several membrane polypep¬ 
tides have been sequenced by this approach. 
Using the newly developed concept of 
‘‘Hydropathy plotting" from the amino acid 
sequences, the possible structural 
arrangement of the molecule in the mem¬ 
brane can be deduced. Using these techni¬ 
ques. several workers proposed excellent 
working models for molecular folding of the 
membrane components and attempted to 
explain their function. 

Biochemically, besides investigations on 
the characteristics of different enzymes 
involved in carbon dioxide fixation ferredox- 
in/thioredoxin system, regulation of about 
a dozen of enzymes in higher plants and 
cyanobacteria was reported. A new finding 
in this area is the demonstration of the 
involvement of ferredoxin/thioredoxin sys¬ 
tem in non-photosynthetic cells also. 
Another interesting development was the 
identification of fructose-2. 6-biphosphate, 
as a regulatory metabolite governing the 
synthesis and breakdown of sucrose. It 
appears that the chloroplast communicates 
with the cytosol through this metabolite. 

There were also several reports on the 
effects of different stress conditions on the 
enzymes of the plant. Some presentations 
related to the effects of increased carbon 
dioxide concentration on the metabolism of 
plants. This area should gradually acquire 
importance as the carbon dioxide concen¬ 
trations in the atmosphere is predicted to 
rise gradually. For the Indian scientists this 
may be a useful area of research. 

At the meeting, biophysicists reported the 
structure and composition of the multi- 
subunit reaction center of the photo-.synthetic 
bacteria. Several studies on the organisa¬ 
tion of the photosystem II reaction center 
were alsb reported. Suggestions for the 
function of different pjlypeptides were 
made. The water oxidising enzyme con¬ 
tinues to* provide challenges to the innova¬ 
tive investigators. 

The proton pumping and synthesis of 
adenosine triphosphate was another area of 
considerable interest. There were also re¬ 
ports on produptivity aspects and hydrogen- 
generation through biological systems. The 
hydrogen production using marine, blue- 
green algae seems to be worthy of attention. 
The Congress also discussed other aspects 
of photosynthesis, not only in higher 
plants but also in cyanobacteria and photo¬ 
synthetic bacteria. 

The overall impression one got from the 


deliberations at the Congrcd.'i was that 
tremendous developments are taking place 
in the basic research related to chloroplast 
function. The techniques of genetic en¬ 
gineering have been successfully utilised by 
the scientists in gaining basic understand¬ 
ing ot the membrane components and their 
organisation. The applied a.spects, barring 

Artificial 

chromosomes 

E ach eukaryotic cell (a cell with a true 
nucleus) contains a constant and spe¬ 
cies-specific number of paired or diploid 
chromosomes. The total complement of 
individual chromosomes is termed the 
chromosome number. The chromosome 
pairs exhibit great differences in their 
length, shape and size but on an average 
their length varies between 1 to 15 micro¬ 
metres. The shape of each pair during 
cell-division depends on the location of the 
centromere, a body that controls the move¬ 
ment of the chromosome in cell division. In 
fact, the position of the centromere is 
characteristic for a chromosome and de¬ 
fines its short and long arm. Telomeres are 
the physical ends of the chromosomes and 
are responsible for their integrity. 

Chemically, chromosomes consist of 
deoxyribonucleic acid (DNAi combined with 
certain basic proteins (histones), more 
complex proteins and ribonucleic acid irnai 
New chromosomes originate only through 
duplication of pre-existing ones. And this 
takes place during cell division. 

Until recently, these structures were 
studied mainly by indirect procedures. 
However, the results reported recently {Na¬ 
ture 305 189) by Andrew Murray and Ja^k 
Szostak from the Harvard Medical School. 
USA, enables the scientists to clone structu¬ 
ral domains of chromosomes. In other 
words, it is now possible to construe! 
artificial chromo.somes from cloned frag¬ 
ments of DNA This has opened the way for 
understanding and exploring fully the 
mechanics of chromosomes. The authors 
succeeded in introducing a chromosome 
built in vitro into the yeast cells; the 
information contained therein was copied 
faithfully and passed on to the daughter 
yeast cells. 

In their task of creating an artificial 
chromosome, the scientists heavily relied 
on the work of Louise Clarke and John 
Carbon of the University of California at San 
Diego. Clarke and Carbon had isolated and 
determined the full ona sequences of centr¬ 
omeres from yeast chromosomes. To one 
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Dr. Sane is Deputy Director of the Nath 
Hotanicat Research Institute, lMcknm\ Fon 
hi, he was with the auft aittmly irwohHfd i 
research on photosiinthesis 

such characterised centromere, Murray anif] 
Szostak added autonomously replicatii 
sequences (AK.Ss) These sequences are 
able of promoting extrachromosomal repIUj 
cation of pla.smid dnas. The genes which 
they selected for their chromo.some enaMed; 
the cell to manufacture its own leucine and 
uracil. These are important substances 
they have to he supplied in a ready to use 
state to the recipient cells. This ability to 
produce leucine and uracil facilitates the 
identification of celKs transformed by the.j 
newly-introduced artificial chromosome. 

Additidli of telcimeres allows plasmids tQ| 
be perpetuated as linear molecules since 
efficient separation of these structures dur^ 
mg cell division is greatly helped by the 
linearity of chromo.somes. These special 
sequences (telomeres) were taken from a 
protozoan, Tetrahymena, and were added to 
the ends of the artificial chromosome. 

This in vitro constructed chromosome 
was functional hut not very stable This 
instability was due to. at iea.st in part, the 
small size nt the chromosome These stu¬ 
dies have provided supporting evidence that 
a centromere is required for efficient segre- 
gallon only and has no role in homologucjl 
recognition. J; 

At the moment lhe.se artificial chromo- ? 
somes are not important in yeast genetic ] 
engineering, for most industrial applica- i 
tions require large number of engineered | 
genes rather than a single copy. The impact 
of this remarkable event will he in mamma* 
lian genetics, specially in the therapy of i 
genetic diseases. The greatest hurdle in the / 
therapy of genetic diseases is the inability to ' 
replace the defective gene with a new gene \ 
at rtie correct place on a chromosome. Now, | 
these artificial chromosomes offer a solu-1 
tion and it is likely that in the not too - 
distant future it will be possible to replace 
the chromosome carrying the defective 
gene at the appropriate stage of an indi¬ 
vidual’s development. 

Tariq Haqql 

Dr. Haqqi is a Research Asstxiate, ost Research 
Project, Recomhinant i Unit, m the Depart¬ 
ment of Chemistry, Aligarh Muslim Uniirersity, 
Aligarh 
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Damn robots! Robots are a threat to privacy, 
to creativity. They destroy family life. 

They form inhuman bon^ of friendship... 


Where had the two strant^ers been 
hidinit all this while? Was it a 
trap? Ever\'thini{ about the female 
strange) seemed so chic and well- 
manicured: the coiffeured head, the 
flawless skin and thi intelligent eyes... 
The robot manufacturers had chosen 
their PR personnel well. Or was it ail 
carbonised alioy? Down with robots! 
May they fizzle in eternity! 

I controlled a mad impulse to whirl 
around and slap the girl's head off! 
Would that wipe off her smile? Oh to 
yank off that hateful perm out of her 
hair! But on the other hand, why 
should I? I could well imagine the 
bedlam on the cosmocom...terrible 
publicity for the Cause. 

1 could predict the iurid headlines 
my attack would evoke: “Creenman 
goes berserk". "Man bites bot." There 
would be days of vicarious thrill for the 
dome population languishing in a 
denatured environment. It would only 
serve as one more red rag to the 
ruhotmakers to retaliate with their 
soporific advertisements. Damn 
robots!' Ik'sides, we must not forget 
the mam purpose of our visit. 

My wite and I are founder members 
of the "Back To Nature” movement. 
Robotmakers derisively refer to us a$ 
LGMs> little gieen men. But we don't 
mind really. Afterall, we do advocate 
the Green Way, life natural, living 
harmonious with all things natural. 
This automatically (or naturally) puts 
us m conflict with the robotmakers. 

But believe me, we hate conflict— 
especially with humans. It is the robots 
we detest. Robots are trulv an excresc¬ 
ence. the metallic pimples upon the 
face at a mechanised civilisation that is 
terminally ill. Damn robots! Robots are 
a threat to privacy, to creativity. They 
destroy family life. They form inhuman 
bonds of affection with the lonely 
children of the hedonistic parents they 
arc supposed to serve. They undermine 
every human relationship. Robots will 
ultimately be the death of humanity. 

For us apocalypse is a monstrous 
mechanical maw that swallows humans 
and spews out mechanised morons.., 
air.>arl\> lht> <;ic!rK abound: robots 


alienating young ones from their fami¬ 
lies, robots "softening up" young men 
and women, robots controlling all 
aspects of our life in the cities.... 
Robots' Robots! Robots! There's scarce¬ 
ly a place on earth today where one can 
escape from these mechanical mons¬ 
ters. Go anywhere on the dome, to 
Tundra or Sahara, and one of these 
regulation “bots” will be present, grat¬ 
ing and purring, ever alert to your 
welfare, ever admonishing you with do.s 
and don’ts. 

Penned like cattle as we are in these 
super-cybernetic cities, we had to re¬ 
bel! But who would have thought that a 
leading cyberneticist and his systems 
analyst wife would cast the first rock? 
That, too, in India? Imagine India, 
when the rest of the galaxy had already 
accepted (or had been forced to accept) 
robots as indivisible part.s of a civilised 
human life? 

But don't forget India is an ancient 
land...land beyond memory...thc land 
where man first "saw” Truth and burst 
into speech and .song. The first seeds of 
the mighty tree of numeracy were laid 
in our land. Thus it was but natural 
that someone Indian lead the revolt 
against robots when these manasput- 
ras, cybernetic children sprung from 
men's minds, began to stifle their own 
masters . 

However, our revolt is still to .spread. 
Our doctrine of a life totally self- 
sufficient, a life devoid of mechanisa¬ 
tion, IS too ladical, too liberating. Most 
people are afraid of freedom. For gener¬ 
ations they have bred and died in the 
robotised environment. They cannot 
hut distrust *^he new doctrine, the little 
green men, that challenge the only 
world they've ever known. 

At first even our own children rebel¬ 
led against us, against what they called 
“bonkers behaviour". 

“Oh, papa why have you ripped off 
the visiphone?” wailed our younger 
child “Now I can't ever receive the 
me.ssdges from my friends. And you 
know 1 am no telepath....” 

“Forget the visiphone,” fretted his 
elder sister. “We don’t even get a 
menial rob for handling our garbage 


transforms. Imagine what it does to 
our resource bill! No more candy!” 

Gradually however, both our chil¬ 
dren reconciled to life without their 
“beloved” serfs. They even allowed us 
to move out of the dome. Once outside 
that ciaustrophobic trap they began to 
change and adapt with a rapidify that 
astonished us. Perhaps it was the lack 
of mindmending drugs. You all know 
what the lemming life m a megupo|i.s 
does to you. Without the soporifics 
whkh tome trom vour water .supply 
itself, you would either explode or 
quietly and completely go to piecesi' 
Still, It is surprising how many people 
prefer the over-crowded domes. To this 
pampered majority of hedonists, life 
outside in the green is unthinkable 

It is all part of an enormous confi¬ 
dence trick, an immense hoax which 
keeps vast numbers of dome humans in 
happy, benumbed bondage. And, yes. it 
makes the robotmakers rich, very rich 
indeed.... The robotmakers pull the 
real strings these days, not the politi¬ 
cians. 

At First the robotmakers simply 
ignored us. After all there have been 
protests before. Enliie families would 
forsake the womb-like security of the 
dome. Sometimes stragglers would re¬ 
turn, begging to be let in. Rut most of 
the venturers were never heard of 
again. The forests and the fields that 
swallowed them remained inscrutable 
in their verdant lushness. However, 
with our knowledge of Neotechmes, we 
felt we had a fair chance ot heating the 
system. Also, nut all dissenters were 
dead. Out there on the sward, we 
occasionally met survivors like 
ourselves—doughty men and women 
who had forsaken the dome genera¬ 
tions ago.... Their powers had blos¬ 
somed out in the most unexpected 
manner. 

Where we differed from these “wild 
ones" is that we very much wanted to 
he within the galactic empire, but 
without the stultifying service of the 
robots. We were willing to try any¬ 
thing, however bizarre the technics. 

' But upon one thing there was to be no 
compromise: no robots! Eventually, 




Yes. sometimes I do long for the dark angel of 
death, for the quiet oblivion of its embrace. 

For I know what it feels to be caressed by death's wings... 


Kobotmakers' Conglomerate had tried 
every means in their book to “convert" 
us from our so-called error. Why? 

We were too successful. That is why! 
And the very success of our village, so 
near their dome, was a threat to their 
mindnumbing utopia. Initially their PR 
people tried to plant horror sloriev 
f «ihout our plight on the green. Hut the 
cosmocom cameras told a diflerent 
talc. Whv did we look .so ruddy, .so full 
of life? Why were our hed.s and bowers 
so full? Why were we at peace? There 
was only one answer, hecau.se we had 
abiiired the robots; hecau.se we trusted 
and lollowed the Cirecn Tiuth: becau.se 
.. enough' To babble further would be 
to reveal the mysterie.s!' 

When the roholmakers failed to dis¬ 
credit u.s they had tried artifice, even 
tieacheii’. But nothing can shake a 
person well grounded in the lap ol 
Mother Nature. At la.sl the rohotmakers 
had called for a confabulation. Could 
we leluse? Who know.s, we might even 
be able to convert these mi.sguided 
.siiuLs' We could physically demonstrate 
our superiority. We knew the eyes of 
the entire galaxy would he trained on 
these epic parleys. We would do no¬ 
thing to spoil our image. Just think of 
ttie unsaved geneiations lost in the 
p.svcIiedeliL alleys and byways of the 
domes, not (ally on earth but else¬ 
where... 

That IS why we were so nervous... so 
^ afraid of failure. One could never trust 
the robotmakers. They could beljpto 
anything, even annihilation.... Mat/ 
Unvn Siiiv us. Down with Robots* Hitck 
lo \afutc* 



So The grtenmcii have arnveJ. They 
seem .so relaxed, yet so alert... e.special- 
ly that leader of their’s. Manav 
Chaudhari His vibrations arc strong 
and sharp. He is hiding some strong 
emotion,., what a striking wife he has. 
Oh, the poor besotted souls! Don't they 
know how wrong, how utterly wrong 
they all are? Their heads should be 
mapped. Who but a fool would desert 
^ the mother embrace of the dome, the 
dome of togetherness., its myriad 


mindspurCs, the tactile loys of the 
crowd, the heat of all that human flesh 
pres.sed together ... Ohhlih... the mere 
thought of it brings on Samadhi... 

I am Aloke. Sector Chief in charge of 
robot assemblies, the sole human re- 
sponsible for all Ihese c\hernelic Jiil- 
dien you see here. They*re all sweating 
their .sockeh off I'oi whal'' \II loi vou 
pampeted humans., lot volii wellaie. 
for your pleasure, all for liee. VVhal 
more can one want? 

Oh. I almo.st forgot. I am not talking 
to robots who rea.son logical I v I am 



talking to humans. Humans that prefer 
an apple for was it a fig?) to paradise! 
To be human is to long for hardship in 
the lap of luxury’, to crave for death in 
the face of immortality. You may ask. 
“How do you know? fJo you long for 
death in the face of immortality?" 

Yes, sometimes I do long for the dark 


angel of death, for the quiet oblivion off!^ 
it.s embrace. Tor I know whal it feels lO'S 
be laressed hv death's wings . I have a 
been there and I should know' My only J 
regret i.s that mv dear wife ll.sha and j 
daughter Sona could not make it hack f 
with me Irom the world beyond 


words... 

Kver since the accident and my ; 
miraculous recovery. I have been con- 
fined to this master control room in r 
the faithful company of robots... doc¬ 
tors’ orders... They say I am not yet • 
ready for the heady surge of the crowds , 
outside. The acci(Jenl that nearly sent 
me over is the one item I wisfi to take 
up with the greenmen. I kiKJW they 
were connected with it. How else can 
one explain the mysterious malfunc¬ 
tion of the .special coaster vehicle 
which .Sony of Manav Chaudhari's min¬ 
ions were working on? The very vehicle 
that I reluctantly agreed to try out “for 
a .spin" hecdu.se of my beloved Sona... 
Well, we shall settle all scores bv end of 
this evenimi. 



No .one knows what happened nt the 
sliMFiiy meeling hetween the leader of 
the gieenmen and duel Aloke of the 
robot assemblies. Kven the holograms 
have been tampeied with . But robots 
have eyes, you know, even if they are C 
giade and compound ones... Some 
whispers have already begun to leak 
from the machines that were on duly in 
the master c(»nlrol room on that fateful 
evening. As leader <if the not police 
summoned hy the Chief, it is my duty 
to investigate the truth and to supress 
it... 

According to one garbled account we 
received from a robot, the greenman 
and the pink mastei (Chief .Aloke) had 
angiy words during which the Chief 
repeatedly lliumpcd a table, so hard 
that it broke down Yet the pink master 
who is otherwise so sensitive, felt no 
pain at all. At this, both the adversaries 
grew frightened, especiallv the pink 
master who .seem^'d to go berserk, 
smashing everything in sight with his 
hand that neither hied nor broke ... 
And it was the greenman who first 
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A FINERY OF 
FEATHERS 




a schoolboy I once found a 
small dead kingfisher in our 
garden at Mulund in the suburbs 
if Bombay. The petite bird, with 
' 1b coral red beak and jewel-like fawn 
‘.and purple feathers, looked so exotic 
.. that I thought it was an escapee from 
some princely aviaiy. Or was it a 
I hapless migrant blown off its secret 
route far far away Irom Bombay? What¬ 
ever it was, I was unable to identify* it. 
None of my books listed it. Perhap.s it 
was a species unknown to science. For 
a while 1 toyed with the idea of naming 
it in the honour of the girl who lived 
next door. But, alas, that was not to he! 

Only a few days later, I found my 
nameless kingfisher in a splendid 
American volume. Birds of the World, 
which I received as a gift (circa 1960) 
The bird, popularly called “living 
jewel", turned out to be a Three-toed 
Forest Kingfisher. Apparently it was 
widely distributed, not only in India 
but also in Burma and South-East Asia. 


It had already been classified as long 
ago as 1758 by the father of the 
binomial system of nomenclature, the 
Swedish naturalist Linneaus' 

So much for my "discovery". But the 
point is, without Arthur Singer's paint¬ 
ing in Birds of the World. I would never 
have been able to identify the king¬ 
fisher on my own. 

The adage "one picture is worth a 
thousand words" applies with as much 
force in birdwatching as in journalism. 
Indeed, in birdwatching those prover¬ 
bial thousand words often prove inade¬ 
quate. For instance, take the Monal 
Pheasant that lives in ^e Himalayas. 
One could use all the'words in the 


A kaleidoscope of kln^ishers. 

Concise Oxford Dictionary —over 
4U,0()() of them—and yet fail to evoke 
or capture the finery of its feathers! 

One man who has ceaselessly been 
evoking the "finery of feathers” for 
generations of hudwatchers in India is 
Dr. Salim Ali. (It is Saalim with the 
diacritical mark and not Salim as in 
Salim of "Anarkali" and "Mughal-e- 
Azam" fame! Dr. Ali points out with 
characteristic piquancy, that most peo¬ 
ple not only get his name wrong, but 



also "correct" those who say It rights 
even while he is’’present!) 

Or. Salim All's celebrated classic, 
The Book of Indian Birds, appeared in 
1941. It has gone through eleven 
editions; the latest (1979) has 74 plates 
depicting 296 species. Although the 
Book (and other volumes by Salim Ali 
like Indian Hiil Birds, Field-guide to 
Birds of Eastern Himalayas) is invalu¬ 
able for the commoner birds, it repre- 
senb barely 15 per cent of the total 
number of birds—1.220 plus species- 
found on the Indian subcontinent. 

For the m^uority of our birds, there¬ 
fore. one has to turn to the magnum 
opus. Ali and S. Dillon Rjpley's The 
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HamUxiok of Birds of India and FaUfi- * 
tan. This unsurpassable classic, whicK 
appeared between 1968 and 1974, is 
spread over 10 volumes. The lonf* 
awaited compact edition in a sin^e 
volume has recently been released. It is 
a marvel of publishing and a veritable 
mine of information One cannot fail to 
unearth real gems even in one casual 
browse For instance, you have heard of 
the cruel slaughter of egrets for fea« ^ 
thers which drove these elegant birdf. 
to the brink of extinction. But did you 
know that for decades, a community b) 

£agfc OMsf (left) udaputka of Ae pbk 
fima die Guide Ametag the dtmelly at 
natffcs. My* and Creepdee Ju ladk 
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The Pictorial Guide is indeed a landmark... 
the first book to illustrate all our birds. 



Sind has been “farming" egret feathers 
painlessly and effectively? As I devoured 
ijtage after page of the Handbook (yes, it 
is possible without glasses, despite the 
small print which is the result of 
"compacting” four pages of the regular 
Huidbodt onto one). I could only 
marvel at the vast erudition ot the 
authors and the sheer physical labour 
involved in producing such a 
'monumental work. 

While autographing a copy for me 
Dr. Ali said, “The compact Handbook 
weighs a hefty two-and-a-half kilos, 
you know!" Jokes apart, one can’t 
obviously lug around such a book in 
the field, especially if you’re chasing 
birds (feathered)! So, for birdwatchers 
in the field. Dr. Salim Ali and Dr. S. 
Dillon Ripley have another bonanza— 
the Pictorial Guide which depicts ALL 
the birds listed on the subcontinent. 
Will wonders never cease? This book is 
indeed a landmark. For it is the first 
book to illustrate all our birds (some of 
them for the first time). Even the 
Handbook covered only 900 of the 
1,220 plus species. Moreover its plates, 
drawn from several sources, are nut 
grouped systematically. In the Pictorial 
Guide you have all the species arranged 
family-wise on 106 plates which follow 
each other in a systematic easy-to-find 
order. The illustrations are excellent (if 
trifle monotonous in their rigid, cloned 
profiles). Mow excellent can be seen 
from just one example: l.ii$t week a 
friend who returned from Jaipur de¬ 
scribed a long-legged bird which she 
saw outside her resthouse. She wanted 
my help in identifying it. From her 
talk, the bird seemed to be a lapwing. 
So I showed her the Pictorial Guide. In 
a jiffy she pointed out the Sociable 
Lapwing: “Thai s it—the leggy bird 
wilh hKick .ind white wings ,ind tail, a 
white cvehiow. a pirate like black hand 
through the eyes'" I tried the Double 
handed or the Jerdon's Courser on 
her. “Could it be this bird?" I asked. She 
emphatically said no. I was both re¬ 
lieved and disappointed-- experts say 
the Jerdon s Courser is extinct! It was 
la.sl seen in I9()f). It was only found in 
the Ciodavuii valley in Andhra! 


The lady did not know all this. She 
merely said the bird I had shown had a 
brown neck and double stripes on the 
head which her lapwing did not havel 
Remarkable. What is more remarkable, 
in this book you can actually compare 
the birds like to confuse you and 
correctly identify them in the field. 

Now, had 1 referred the lady to the 
compact edition of the Handbook of 
Birds of India and Pakistan, she would 
probably have been “frightened away by 
the mere wealth of material and the 
technical terms used in the descrip¬ 
tions”. (The words are the late Hugh 
Whistler's, the eminent ornithologist 
who pioneered the use of excellently 
illustrated field guides in India with his 
Popular Handbook of Indian Birds 
(1929). Whistler was describing the 
piight of a novice who goes to search 
for a common bird in the monumental 
Fauna of British India series.) 

That is not to slight the compact 
Handbook. On the contrary. As I said in 
an earlier review of this magnificent 
hook: “No Indian birdwatcher worth 
his salt can afford to be without this 
treasure-trove, this Court of Last Re¬ 
sort of Indian Ornithology”! The same 
must be said about the Pictorial Guide. 
Incidentally, the reviewer in the Illus¬ 
trated Weekly complained about the 
price of the Guide (Rs. 12U). Yet he 
went on to add: “If you can’t afford it, 
steal it!" 

That brings us to the question of 
price. These days, when “cheap” paper¬ 
backs cost over 60 rupees, how is it that 
a hardcover such as this costs only 120 
rupees? The introduction to the Guide 
provides partial answers: 

The paintings are the work of John 
Henry Dick, an eminent illustrator, 
closely associated with the Audubon 
Society and conservationist organisa¬ 
tions like the Crane Foundation. Both 
the authors and the artist have munifi¬ 
cently waived their royalties in favour 
of the BNHS. Similarly, this useful 
work has been sponsored by the US 
Fish and Wildlife Service and Smithso¬ 
nian Institution. Washington! (In¬ 
cidentally, Dr. Ripley is the present 
Secretary of the Smithsonian.) 


I can only say more power to such 
collaborations. But the question re¬ 
mains: why couldn’t we on our own, 
with Indian Government support, have 
produced such works much much ear¬ 
lier? 

As it is, I hope the Pictorial Guide 
starts a resurgence of interest both in 
birdwatching and in conservation and r 
in the ecology of our sore-pressed land. 
But like Oliver Twist, I would like to 
ask for more: first, the 30 black and 
white plates in this work should forth¬ 
with be rendered in colour in the 
second edition, the demand for which 
is bound to soar. There is nothing more 
depressing than having to tackle a 
warm, coloured bird in a black and 
white illustration. Have you seen the 
fabulous Flamingo? Just because its 
colours tend to be monochromatic 
(shades of pink) is no excuse to have it 
in black and white! Moreover, the 
crucial vignettes of some of our birds of 
prey are in black and white. From my 
frustrating experience in the field with 
these raptors, I can only say how 
unsatisfactory this is. 

Secondly, what we need are not only 
profiles but also illustrations of birds in 
flight, their variable plumage, the im¬ 
mature phases, with tersely written 
commentaries on behaviour, calls, etc. 
The Guide dues provide some informa¬ 
tion about status, size and distribution. 
But that is all. For details one has still 
to depend on other texts like the ^ 
compact edition of the 10-volume 
Handbook. 

In the final analysis, it is unfair to 
expect all this from what is obviously 
only a pictorial guide. The authors and 
the artist richly d^erve our thanks. 

Vlthal C. Nadkami 

*A Pictorial Guide to the Birds of the 
Indiaa Subcontiiieiit. By Sdim All A S. 
DiOoii Wpky; with 106 'depieting 
off the blids iv Mm fiamy DIdc. Boasbay 
Nitml Hisloiy Bbclily CnilMaqi Pubii- 
Mloot GMsrd IMil«)rthr PiwH illMSi 
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T i^ERK will be no tampering with 
ballot boxes, no spurious ballot 
papers, and, more important, no 
invalid votes, if the electronic 
voting machines are used in the next 
general elections. And all the counting 
will he over in a few hours. But will 
they be used? 

In a meeting with the Chief Election 
^Commissioner last month, representa¬ 
tives of all parties, including the ruling 
party, agreed that the electronic voting 
machine may be introduced in the 
entire country by the next general 
elections as far as practicable. The 
Election Commission said it would 
convey this view to the government. 

The Corpmission has indeed been 
' contemplating the use of electronic 
voting machines on a wider scale after 
its initial success with the machines in 
some constituencies in the last two 
years. The Commission had last year 
recommended to the Government to 
introduce the machines for elections in 
the entire country in phases within 
three years. The Central government 
agreed in principle and also made a 
token provision in the budget, but did 


not agree to the coverage of the entire 
country within three years, probably 
for financial reasons. 

The Commission feels that the elec¬ 
tronic voting machine is an answer to 
many problems now faced in polling. 
And the entire amount spent on buying 
the machines for a general election 
could be offset within three general 
elections to the Lok Sabha and the 
Assemblies because of the savings on 
other expenses. Fur these reasons, the 
Commission asked the Government to 
revise its decision, but once again the 
Government turned down the recom¬ 
mendations. 

Electronic voting machines were 
first tried on an experimental basis in 
50 polling stations in the 70-Parur 
Assembly constituency in the general 
election to the Kerala Legislative 
Assembly in May 1982, and later that 
year in Nagaland. Since then, they have 
been used in some areas for elections to 
the Karnataka, Andhra Pradesh (where 
the machines were used in all the 
polling stations in the Shadnagar 
Assembly constituency in January last 
year), and Tripura Assemblies, the Delhi 
Metropolitan Council, and bye- 


elections in Arunachal Pradesh and J 
Bihar (where the machines were used*! 
in 159 polling stations in July 1983). 

According to the Cummi.ssion. these ; 
trials have been highly successful. And : 
people in general, the political parties ; 
and the contesting candidates have . 
fully accepted the machines. All agree o. 
that the electronic voting system is < 
quite simple and much quicker. The 
routine complaints of printing of ballot 
papers and the use of spurious ballot 
papers are totally eliminated; in fact, 
there is no ballot paper to use—the 
voter simply presses a button in the 
machine and the vote is registered. Nor 
are there any cumbersome cross¬ 
marking within the allotted space and 
consequently the large number of in¬ 
valid votes. The votes are then counted 
in a matter of minutes and there is no 
scope for mistakes or irregularity in 
counting. * 

Since the ballot paper is eliminated, 
so also are the enormous expenses on 
stationery and printing these papers, 
the elaborate work of checking and 
verilying, and the .security measures in 
keeping and transporting the ballot 
papers. This also means that elections 
can be held at a short notice. There is 
no need to sort and count the ballot 
papers and, since each candidate is 
provided with a separate electronic 
pocket for his votes, there will be no 
mix-up of votes. 

A great advantage is that there will 
not be a single invalid vote, .says 
Mr. P. L. Sivaram, the Chief Electoral 
Officer of Andhra Pradesh where, as 
mentioned earlier, the machines were 
used in all the 150 polling stations of 
an Assembly constituency in the gener¬ 
al elections last January. “When there 
are no invalid votes, the question of 
recount does not arise. In the conven¬ 
tional ballot paper system, there were 
cases where I ordered a recount when 
there was a difference of the order of 24 
voles. Recounting means that the Re¬ 
turning Officer has to go into the 
question of validity of each vote and 
repeat the entire counting procedure. 
This is a grilling and long drawn-out 
process. When the voting machines are 
used, in case of recounting, the icturn- 
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’ Electronic voting machines can solve many 
problem3 now faced in elections, like 
tampering with ballot papers and a large . 
number of invalid votes 













The electronic voting machine labovel. The 
hallot unit (right) is connected to the control 
unit (left) by a ftve^metre cable. The ballot unit 
aarles the names and symbols of candidates, a 
push button (black circles on far right) against 
ench name for registering the vote and lamps 
(red squares) which glow when the vote is 
registered 

The control unit shown separaleb' on the ng/if 
has a two-digit display (top left corner) and next 
to it, a four-digit display for votes polled. \ext to 
it (top right) is the busy lamp, which indicates 
whether the machine is ready to accept a vote or 
not 
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ing officer will just press the result 
button and the results are displayed 
again within five or ten minutes/' 
Similarly, the votes polled by each 
candidate can be counted at the press 
of a button and the results declared 
within a few hours after the polling. 
This also makes it possible to hold 
elections throughout the country on 
the same day with the results too 
declared on the same day. 

Can the secrecy of voting be main¬ 
tained using the machines^ While a 
voter has to sign on a counterfoil 
hearing an identical number as that on 
the ballot paper he use.s in the present 
sy.stem, he has to sign only in a register 
in the new .system. This rules out the 
identification ol the voter, says the 
Election Commission. At the same 
time, the register is open for inspection 
by anyone who wants to collect evi¬ 
dence to challenge an election on the 
grounds of impersonation or bogus 
voting. This facility is, in tact, not 
available in the present system, for the 
counterfoils of the used ballot papers 
are sealed and cannot be opened except 
under Court orders 

Thus electronic voting machines 
make elections toolproof, efficient and 
less expensive, needing less le-sources, 
manpower, and time. 

How do the machines work'' The 
maefnne has two units - the control 
unit and the ballot unit (see p.48 ). The 
ballot unit, which is used to register a 
vole, IS kept m an enclosure, and the 
control unit, connected to the balloting 
unit by a 5-metre cable, is kept .such 
that the di.splay on it can he seen bv the 
Presiding Officer, representatives of the 
candidates and voters. 

Tlie balloting unit carries a panel of 
names of eight candidates and their 
eleclnm symbols, with a pu.sh button 
provided against each name and sym¬ 
bol. To cast his vole, a voter simpiv 
presses the button against the candi¬ 
date of his choice. A small lamp (voting 
lamp) next to the push button lights up 
to indicate that the vote is recorded. 
The cable carries the data to the 
control unit. 

The control unit, which has a mic¬ 


roprocessor, first gives a vi.sual indica¬ 
tion of its readme.ss t(} accept a vote and 
then an audio indication whenever a 
vote IS registered But its mam func¬ 
tions are to permit each voter to cast 
one vote, recoid the votes cast in 
favour of each candidate, recoid the 
total nurnhei ot votes polled, and 
display, on demand the voles polled by 
each candidate and also the total num 
her of eotes polled. It retains these data 
for future reference and erases the 
previously recorded data It can al.so 
detect and di.splay an erroi 
The balloting unit can accommodate 
eight candidates. When theie are less 
than eight candidates, the unu.sed vot¬ 
ing buttons are electronically di.sabled 
by the control unit. To avoid confusion, 
the unused buttons may be covered 
When there are more than eight candi¬ 
dates, another balloting unit is u.sed 
and IS connected to the first one. and so 
on (there is no need to connect each 
balloting unit to be connected to the 


control unit separately), the memory is 
designed to accommodate .56 contes¬ 
tants. that IS. seven balloting units 
connected m .series. 

The control unit ha'* a 1 digit di.splay 
lf)i the total numbei of votes polled, 
thal IS. it u'ln displa\ up to WJlf So 
vvheie the tot.il t* lei to rale is less than 
this number, one maclnne uin be used 
to cover two o) more nearbv polling 
station.*' uhose total eleclorale does not 
evcecci This will ledliu* (he total 
number oi machines required, and 
cnnM'qiienllv the number of polling 
oifkials There are about 4 5 lakh 
polling stations m the counln’ now. 
and Ifie Election Cornmr.ssion hopes 
thal it may he possible, by such cijm- 
binatiiins, to reduce this bv .Jll pe*' cent 
or by about 1.55 lakh pollmj; .stations. 
Beside.s. mohile polling station.s and 
staggered polling hours mav al.so he a 
possibihtv. 

Once the polling is over in a polling 
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station, till' niLU'liine is scaled and 
transported to the counting centre. II 
the elation lules can be suitably 
amended and the Assistant Presiding 
Otiicer in a polling station is given the 
power lo give the IoliI result in the 
ptilling station itselt, this also could be 
aveuded (tins IS possible because theie 
are no iinalid vcjIcs, senior tilTicers are 
now s‘nt fu lounling to ik\ide Ihe 
validitN o! otheiwiM ol a vote) Ml that 
the polling olliCLM has lo div is lo piess 
the result hulb»n. write down the result 
in the pi escribed form and send it to 
the counting anlre where all the 
results are lUst added up 

Though why the government le- 
jectrd the Election Commissmn's prop¬ 
osal is not clear, cost seems lo be one of 
the reasons. Each ina hme (manufac¬ 
tured now by the Electronics Corpora¬ 


tion of India and Bharat Electronics 
Ltd) now costs about Rs. 5.000 but 
could be brought down to Rs. 4,500 on 
mass production and it certain compo¬ 
nents arc exempted troin import duty'. 
So that It could ii.se the machines in 
the entire country within three years, 
the Election Commission had sug¬ 
gested lo the Government of India to 
make an annual hudgetary provi.sion of 
Rs. 50 crores ^rom 1985-84 onwards. 
The stale governments were also re¬ 
quested lo make similar provisions m 
their budgets and lo share the expenses 
with the Centre. 

If this cost seems very high, the 
Commission argues, that there will be 
a saving of Rs. 5.6 lakhs per each 
parliamentary constituency on station¬ 
ery. printing, transport and manpower 
costs. And for each general election lo 


the Lok Sabha and the State Assemblies 
in the entire country, expenses could 
be reduced by Rs.19.5 crores, a total 
saving of Rs.39 crores for a round of both 
elections. Further, it suggests,' the 
machines could be lent for elections to 
local bodies, co-operative societies, etc 
and this could save another Rs. 10 
crores. Thus, even though the initial 
capital cost is high, the Commission 
estimates that the entire cost could be 
recovered in three rounds of general 
elections. 

In any case, the Commission points 
out, it will have lo replace all the ballot 
boxes for the next general elections. At 
the rate of five ballot boxes per polling 
station, including spare boxes, a total 
of 22.5 lakh boxes will have to be 
procured for 4.5 lakh polling stations. 
Since each box costs Rs. 150, the total 
expen.se on this alone will come to 
Rs.33.75 crores, which will have to be 
shared between the Central and state 
governments. This expense could be 
avoided if the electronic machines are 
used. Compared to thi.s, the recurring 
costs on voting machines would in¬ 
volve changing of batteries (which 
costs Rs. 15 to Rs. 20 each). 

There is another point to consider. 
What if the machine fails during poll¬ 
ing? This could create a problem. “At 
Shadnagar, as we were experimenting 
for the first time with the voting 
macliine.s we had printed all the neces¬ 
sary 92,000 ballot papers also as a 
precautionery measure, just in case 
there was any problem with machines”, 
says Mr. Shivaram. “Ol course, there 
was no need to use the ballot papers. 
And as we gam more experience and 
grow in confidence, we can reduce the 
precautionery measures gradually by 
.50 per cent. 70 per cent and 90 per cent 
until we can eliminate all the printing 
of ballot papers except the postal ballot 
and tendered votes which is a small 
percentage (about one or two per cent) 
of the total votes... But we should be 
able to achieve cent per cent perform¬ 
ance of the machine in the future also 
when they are used in other elections.” 
On the basis of the experience at 
Shadnagar. some suggestions had been 
made to improve the design. 
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Bharat Heavy Electricals Limited 

(A iMEy^emied OMeiiMieM el hvdla UaeevBftEie) ^ 

Regd Office Hindustan Times House, t8-20 Kasturbe Gandhi Marg. New Delhi -110 001 

FIXED DEPOSIT SCHEME 


muticulars as per the C0MPANIES'(SCCEPTANCE of 
DEPOSITS) RULES. 1B7S. AS AMENDED 

a) NaniB ot the company Bharat Heavy Electricals Ltd 
b} Date of incorporation of the company I3ih November 1964 
a) T»e business carried on by the company with the details of blanches and units 
If any 

The activities ot Bharat Heavy EiactncaK Limited cover design development 
manufacture erection and commissioning ol electricals eiecirortic and machanical 
equipmeni required for generation transmission, distribution and utilisation of all 
sources of energy and other industrial products required tor various mduelnal 
applications 

The company has its registerafl office m Delhi and manufacturing divisions at 
Bangatore, Bhopal Hardwar Hydeiabad Jhansi Ranipet and Tiruchirapalli besidoh 
a number of Service Divisions located m different parts of the country and abroad 
d) Brief particulars of the The company is managed by the Managing Director and 
Management of the whole-time directors under the supervision direction end 
company control of the Board oi Directors 

a) NAMES, ADDRESSES AND OCCUPATIONS OF THE DIRECTORS. 

Name OeeupaHon A Addreaa 

Shri K L Pun Chairman & Managing Director 

Bharat Heavy Electrii, als Ltd 
18'?0 Kaslurba Gandhi Marg New Delhi 
Shri H M S Bhatnager Additional Secretary & Financial Adviser 

Ministry ot Industry Udyog Dhawan New Delhi 
Shri S Kanungo Joint Secretary Ministry of Industry 

(Department of Heavy Industry) 

Udyog Bhawan New Delhi 
Shri R N Srivastava Diroctor (Personnel). 

Bharat Heavy Electricals Ltd 
tS-20 Kasturba Gandhi Marg, New Delhi 
Srri B S Samat Director (Power) 

Bharat Heavy Electric als Ltd 

18 20 Kaslurba Gandhi Marg Now Delhi 

(f) A (S) PROFITS A DIVIDENDS (Rs In croree) 

Year Pralll Profii Dividend DNIdand 

aitdad before elter % on 

31al Morch lea lai capllol 


Shri R N Srivastava 


SrriBS Samat 


The Company invitaa/renewa deposits m multiples ot Rs. 1000 with a minimum of 
Rs 1000 under the following Schemes subiect to the terms A conditions ss indicated 
in tfie application form — 

I. CUMULATIVE DEPOSIT SCHEME 


Minimum 

Amount 

Minimum 

Amount 

amount ol 

repayabto 

amount ol 

ropayablo 

deposit 

on malurtty 

dapoolt 

on maturity 


altor three years 


aftar thro* yaari 

Rs. 

Rs. 

Rs. 

Rs. 

1.000 

1,515 

10,00.000 

15,25,000 


For ovary adtflllenal Ra 1008 depoalled, For every edtflHenel Rt 1000 depoalled, 
Rs 1515 will be repaid on malurlly Ra 1S2S will be repaid on maliirlly 


Foi employees ex-empioyees widows ot deceased employees Rs 1525 will be 
repaid on rnatumy on a deposit of Rs lOOO 

Yearly inieresi under the Cumulative Deposit Sc*>eme shall ba cair ulatad and 
compounded every year at the 'aio o* 15% p a subjeci to ad|uslment of 
difference m amount at the time ol maturity of deposit and subiect to deduction 
of tax at source wherevor applirable 


II. FIXED DEPOSIT SCHEME 


Cpiegory 

PERIOD A RATE OF SIMPLE 
INTEREST PER ANNUM 


1 

Year 

2 

Years 

3 

Year! 

Oopoalla from public 

11.5% 

12.5% 

14% 

Oapoaita from amploytoa, aa-employaai. 
Widows of the dacaasod amployaas ol fha 
company, recognisad charitable trusts and 
Regimental fund or non-publle funo 
establlahed by the Armed forces ol the 
Union 

1 

12% 

13% 

14.5% 


h) SUMMARISED FINANCIAL POSITION OF THE COMPANY AS IN THE TWO 
LATEST AUDITED BALANCE SHEETS 

(Ra Inareraa) 



At el 



Aaal 



31 3 83 

31 3.83 


31 383 

313 82 

LIABILITIES 



ASSETS 



Share Capital 

203^1 

1/3 21 

Fixed assets 
(Not) 

448 73 

401 1/ 

Reserves & 

Surplus 

167 14 

145 54 

Investments 

00/ 

0 07 

Secured Ion •. 

264(18 

199 

Current assnt.* 

1504 in 

1?54C..’ 

Unsecured loans 

37^80 

408 05 

Loans & 
advances 

106 33 

91 HO 

Current liabilities 

1054 00 

821 74 

Miscellaneous 

Nil 

Nil 

A provisions 



experiiji^urH 

Piofii 3 L.jss 

Nil 

, Nilj 

1747861 

Total 

”2061 23 

1747 88 


~ 2061 23_ 


NOTE Brief particulars of contingent ttebllltias 


Claims aqamst comp.ir>y not .•»« knowiedgi»d .»»■ debts 44 y 

Bills discojnieo with henks 5/ i 

Counter guarantees given lor gudranieeb issued iiv 0 ? 

Bank lor o'heFS 

Customs duty claims dis puted _ 5fi 

Total __ ___ _10T9 

i) The amount which the company can raise by way of depos*' 
under the Companies' (Acceptance of Deposits) Rules 
1975, as amended i e 25% of the aggregate of the paid up 
• ahnre capital and free roserves ol the company 
I) Deposits held as on 31 3 1983 

k) The company has no overdue oeposiis other than unclaimed 
deposits 


Asst I 

31 3 82 i 


Hs *11 rrores 


Rs 62 54 cfijr**' 


Interest wlH be calculeled on 30lh September A 3ls1 March and ohall bt paid hall< 
yearly and on maturity Where the amount of depoait Is Rs 1 lakh or more, inlaveal 
will ba paid lor the period ending 30th Jurw 30lh September, 31al December A 31sl 
March and on maturity Inlarast will ba paid through Iniaratl warrants cashable at 
par at all branches ol Slate Bank ol India In the country 

The Raaerwe Bank of India has accorded general permMaion to the company under 
the Foreign Eichenge Reguleliont Act, 1973, to accept deposits through Slate Bank 
of India lor a malurlly period of three years both under Cumulative end Fleed 
Deposit Schemes of the Company from nen-resldenle ot Indian naltonallly>ongln 
and overseas corporate bodies owned by non-resldenl individuals of Indian 
natlonalily/orlgln to the exlent of at laasl afFv with full repatriation rights ot principal 
and interest thereon tubfect to certain terms A conditions 

The Reserve Bank of India has also bean approached lor renewol of the permission 
accorded earlier for aceeplani.e ot deposits lor a malurlly period ot three years, two 
years end one year from non>residenls ol Indian nalionaliiy/origin without 
repatriation benefits 


I) Thi> f fiorpby rlcclrirt*& 

I* Ih il i| h.i', rompliod *iih itii* piovisions I'l the CrimpAnii*s iArci.pianre < I 
Deposits I HiilPS 147 *> rib amended 

>1} Thai the (umfili.inc*' wiih Ihest Hiilps does rio» irnpi^ ih.i. ippaymtiit cil 
deposit'. IS diiiirantced ov Ihe Central Guvernnirnl miJ 
III) That 'h»: deposits arceplc'd hy the company aie I'nw* uu d and rank itan 
passu wnlh nthnr unset uied ii.ihiii'ies 

The tevi of rhn ahn< f> ddvortisemr>ni has boon approved hy in*- Boatd of Directors in 
Pw It iiipotinq hold on ^?nd Seplomhor t9B3 end h rvp/ ih«vi«if duly signed by a 
rt'rijOfilv ol ihp ijireriors on the Biard of Diroclors vif tl'* company ,is conr.liiulr'd af 
Ihf' linio IhL Roiird appruved It i- rj 'vorfi^emeiil ha. hren del.yereii in the Regislrn' of 
Ccimpfimps Delhi & Haryana I ,r r, oistraliun Tins ddvr'r'isemi.n* is iss.iud i>n ihr 
aatliuril and in ihe namo cil Ihi- ti» ii I of Oiiertnrs of Ihr C iimpiiny 


Now Delhi 
OihM) 3(19 1481 


By order of the Board of DirecLrr' 

for BHARAT HEAVY ELECTRICALS LIMITED 
M NARAYANASWAMt 

Secreiary 


Your investment and our success ~ they grow together 
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^Mesources for tomorrow 



PETAL 
[WITH 
AFUTURE 


R. M* Sathe 


T IIK Concord soars smoothly at 
supersonic speeds over the 
Atlantic The orthopaedic 
su»tfeon icpairs grandfather's 
i fractured leinur. The laboratory walls 
are getting a coal ot a lustrous white 
. paint. A desalination plant is being 
built in an arid zone near the sea coast 
Ls there anything common to all 
these disparate events*' Yes, they all 




involve the use of the element iitamuni 
in one lorm nr another. 

Though less familiar, titanium is not 
a rare clement It is aitually the ninth 
most abundant element m the l:Iarths 
crust, much more abundant than the 
more commonly known elements like 
copper, lead, zii'.c or phosphorus Tlie 
ticeanic crust shows a larger abundance 
ol titanium than the continental cru.sl. 
Apollo 11 and 17, which touched the 
eastern half of the Moon’s surlaie. 
hrouuhl hack samples t)f lunar hasalls, 
having a very high pcrcentag*- lifts 
and L!) of tilamiim 

This elemen, was disccjvered by 
Reverend William Gregor in England m 
1791. In addition to liis ecclesiastical 
duties. Ree Gregor found time for his 
mineralogical and geological interests. 
His chemical analysis of a hlack magne¬ 
tic sand found in Cornwall showed the 
preseiice of .^0 per cent of a while 
metallic oxide, upto that time un¬ 
known to chemi.sts He christened the 
element “menaccin" as the mineral 
was known as menaccanile. Klaproth 


III 179’) came across an identical oxide, 
an extract of a red mineral from 
Hungaiy and named the new element 
in the oxide as ‘Titanium’, after the 
mythological Titans—the first sons ot 
the Earth Only two vears later, it came 
to be known that Klaproth and Gregor 
had discoveied the same element 
The metal remained a laboratory 
cLiriosilv lor more than a centurv and a 
hall. In the post-World War 11 era. I he 
l!S aenmaiilic industr\' was in .seareli of 
a light metal with good mechanical and 
creep resistance properties at iTi(»der'- 
ately eleViiled temperatures Titanium, 
fullillmg these preieguisiles, shot into 
prominence and several production 
plants were set up in the USA. The 
process, as developed by W. J. Kroll, a 
German refugee in the US, was univer¬ 
sally adopted and remains more or less 
in the original form even to date. So 
great was the interest in tliis newly 
available metal that the production of 
titanium sponge rose from a meagre 10 
tonnes in 1948 tt» a phenomenal 17,000 
tonnes in 19,S7 and is now around 







60,000 tonnes per year 

Titanium mineral 

flinenile (FeO.TiOM) and rutile 
(TiOj) arc tlie two most important 
minerals ol til.inium Mo.st of the 
world s rutile supply comes from the 
heach sands ol Ntw South Wales and 
Queensland alonj 4 the east eoasi ot 
Australia Other souues inelude Flor¬ 
ida in the US. India, Brazil and South 
Africa. Ilmenile is much moie ahun- 
dant than rutile and larj»e depoNits are 
‘•.nown t«) exist in the l^S. Canada. 
South America, Alrica and P"urope. 
mcludmjj the USSR 

But to obtain titanium horn its 
minerals was a problem Because tita 
mum has such a stron>5 affinity for 
<»xyften that it is not possible to get the 
metal by the common method -of re¬ 
duction with carbon. Scientists had to 
struggle hard before they could over¬ 
come this problem (see box on p. 55 ), 
and develop a method tf) process the 
minerals. 

Ewn so, titanium metal .specimens 
obtained earlier still had large number 


nt impurities. This made the the metal 
fragile and hrilile, and unsuitable toi 
machining It was only when the metal 
was prepared in the pure state later 
that its exlraordinar>’ properties be 
came evident 

When pure, titanium is a lustrous 
white metal. It has a li>w density, good 
strength and excellent corrosion resist- 
ance. It is ductile only when it is free 
from oxygen. The metal burns in air 
and IS the only element than can burn 
in nitrogen 

The metal is as strong as steel but 45 
per cent lighter. It is 6b per cent 
heavier than aluminium but twice as 
.strong. By alloying the metal, the 
tensile strength can be increased from 
40,000 pounds pei square inch (psi) to 
as high as 200,000 psi. What is particu¬ 
larly important is that it can retain this 
strength even at temperatures as high 
as 500"C. On alloy formation, even 
higher temperatures do not adversely 
affect its strength. Titanium has also a 
high resistance to corrosion; in gener¬ 
al, this can be traced to the formation 


of an adherent film of highly inert a 
titanium dioxide. The resistance id 
corrosion in sea water is specifically 
due to a hydrochloride layer. A tita¬ 
nium plate submerged in sea water for 
ten years would not show even a trace 
of rust. Nothing would have been left 
behind if the plate were made of iron! . 

Titanium is also non-magnetic as 
well as a poor conductor of electricity, 
The electrical conductivity of copper by-^ 
comparison will he 200 times higher. 
Consequently, titanium finds use as 
in.sulator m electrical engineering. It is* 
also a pretty hard metal, some four-fold 
harder than iron and a dozen limes as 
hard as aluminium. This is evident 
from its yield point which i.s 18 times 
higher than that of aluminium. 

Uses 

Titanium *and its alloys) finds its 
principal use in the aerospace indust^ 
where a high strength-weight ratio 
and the ability to withstand extremes of 
temperature are important. As a result, 
tanks made of titanium are found to be 
e.xcellenl for storing liquid oxygen or 
hydrogen. Its prirnaA’ use is as compo¬ 
nents in Ihe compresst>r section ol jcl 
engines and as structural components 
of air frames and space vehicle systems. 
Almo.st 9U per cent ol the present world 
production is used by the aviation 
industry. A single .supersonic transport 
jet consumes about 300 tonnes of the 
metal' When .space technology develops 
to the point of having industrial instal¬ 
lations in space, titanium would he tfie 
metal of choice. Soviet astronauts 
clearly demonstrated with experiments 
conducted in 1969 that titanium readi¬ 
ly yields to welding and cutting in 
space vacuum. 

The excellent re.sislance of the metal 
to sea water (chloride ion I corrosion 
makes it a suitable material for de.sali- 
nation plants and for fabrication of 
propeller shafts and parts of .ships 
constantly exposed to salt water. 

In the power generation section, 
titanium is primarily used tor steam 
turbmt blades and condenser tubing. 
In the chloralkali indu.stry, titanium 
substrate insoluble anodes (TSIA) are 
preferred to graphite anodes because of 
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.^ number of advantages like longer life, 
power consumption and high cur- 
»^tent efficiency. Titanium, in many 
;^ways, has a greater corrositm resi.stance 
^fhan stainless steel; consequently, it is 
Ending increasing use in chemical, 
;^^rochemical and food processing in- 
i'flUstries. Being physiologically inert, it 
't7an be the choice for metal implants 
‘-'during surgery. 

When 0.1 per cent of titanium is 
!;added to steel, it greatly improves its 
quality. This is because titanium cpm- 
bines with bubbles of nitrogen and 
/ oxygen contained in molten steel Cast¬ 
ings made from such steel contain no 
cavities and arc homogeneous. An in- 
' terestmg application based on this high 
. affinity tor nitrogen and oxygen is its 
use as a "getter" in vaccum systems. 
Last trace.s of air ran thus be removed 
‘to produce an ultra-high vaccum of the 
'Oi;der of 10 torr or less. 

In the la.st tew vears, a very unusual 
'property of some alloys has come to 
light. The.se alloys have a memory: they 
remember their former shape. One 
such alloy called nitinol is made from 
nickel and titanium. If a nitmol wire i.s 
coiled or given any intricate configura¬ 
tion, then heated to 150"C. cooled and 
Stretched out onto a straight wire, it 
gets coiled up or a.s.sumes its initial 
intricate shape when heated gently to 
about 95"C. No definite explanation for 
this phenomenop has been found yet 
But it can lead to very interesting 
applications- tor example, nitinol 
rivets in structure.s that can be reached 
only from one side. One end of the rivet 


IS smoothed out and passed through 
the liole at a low temperature. After 
slight warming, the rivet ‘remembers’ 
that it had a head at the end. reforms 
the head and fastens the components 
dead tight. 

What is holding up a fuller utilisa¬ 
tion IS the high cost of pure titanium. 
Many specialised institutions are work¬ 
ing on ways to make titanium cheaper. 
When a new institute of light metals 
was inaugurated in Cleveland. USA. the 
mayor, while cutting the ribbon made 
from titanium, was required to use a 
gas burner and protective gla.sses in 
place of the usual scissors! 
Compounds 

Among titanium compounds, the 
dioxide is obviously, the most impor¬ 
tant and widely used; it has found 
widespread use as a lustrous white 
pigment. It has replaced ‘white lead’—a 
basic lead carbonate which has the 
drawback of turning black on exposure 
to air containing traces of hydrogen 
.sulphide. Titanium dioxide has a high 
refractive index, excellent whiteness 





litannim is lighter hut stronfivi thjn sfee*/ 


Table I: Compoiiition of the contmental and oceanic crusts 


SiOa 

Alrfb 


Continental crust Ocoonlc crust 

Mefor Poresni Traco ppni(g/Ton) Poicont 


61 9 

Barium 

425 

S 1 O 2 

49.2 

15 6 

Scrinnium 

375 

AlsOa 

15.8 

19 

Zirconium 

165 

CoO 

11 1 

2.6 

Copper 

55 

FeO 

7.2 

5.7 

Lead 

12.5 

MgO 

8.5 

3.1 



NaaO 

2.7 

3.1 

Uranium 

2-7 

FOgOs 

2.2 

2.9 

Mercury 

0.08 

TiOg 

1.4 

0.8 

Silver 

C.07 

X 2 O 

a2S 

0.3 

Gold 

0.004 

MnO 

0.16 

01 



P 2 O 5 

0.15 


and good chemical stability. The paint 
gives durable films of high covering 
power. The high refractive index 
(Ti ()2 2.7. white lead or zinc oxide 
1.9) combined with low density (TiOj 
3.7, white lead 6.8) results in a 
material having highest opacity and 
.staining power. Furthermore, unlike 
white lead, the dioxide is non-toxic. 
Heaton demonstrated this by consum¬ 
ing about 5()0 gm of titanium dioxide 
pigment mixed with glucose. He ex¬ 
perienced no harmful effects but was, 
on the contrary, cured of-an ailment 
which had baffled physicians for years! 
Titanium dioxide, therefore, finds ex¬ 
tensive use in vitrous enamels and 
ceramics, in paper manufacture and for 
white rubber and plastic goods. Tita¬ 
nium tetrachioride, the important in¬ 
termediate for the production of metal 
is a colourless liquid which fumes 
strongly in moist air and can be used as 
a smoke-producing compound for sky¬ 
writing or for smoke screens. A soft 
finely divided titanium dioxide of excel¬ 
lent pigment propertie.s is produced by 
vapour phase oxidation of titanium 
tetrachloride by oxygen or air at tem¬ 
peratures above 1000"C. Titanium let- 
lachloride also finds application in the 
petrochemical indastry as a catalyst for 
polymerisation reactions. 

Titanium carbide can be prepared by 
fii.sing titanium oxide and silicon car¬ 
bide in an electric furnace. Other 
methods involve heating the dioxide 
with carbon at about 2000'’C or fusing 
the dioxide with calcium carbide in an 
electric furnace, all in an atmosphere 
free from oxygen and nitrogen. Tita¬ 
nium carbide is an extremely hard 
material. It has a hardness of 3,800 
(Vicker’s hardness scale) compared to 
1,300 of tungsten carbide. Coatings of 
pure titanium carbide are therefore 
applied by vapour deposition on tools, 
dies, punches and components of high¬ 
speed cutting tools. 

The titanatef of alkaline earth met¬ 
als, particularly barium titanate, finds 
applications in many high dielectric 
ceramic products and in piezoelectric 
devices. A piezoelectric crystal, when 
subjected to pressure, produces a vol- 
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The union between titanium and oxygen is strong and needs a ^double puW* to break it 


THE'DOUBLE PULL' 

T itanium is found m nature mostly m 
the form of titanium dioxide. Tita¬ 
nium has a powetful affinity fur oxv}{en 
and hence the union het\i’een the two is 
highly stable and scientists had to strug¬ 
gle hard to wreck this marriage The 
alimity of titanium tor oxygen is mucli 
stronger than that ol carbon for oxygen 
hence the reduction ot titanium dioxide 
by carbon according to the reaction 
T 1 O..+C -Ti-t Coj 

IS not feasible. Therefore it becomes 
necessary to use another substance be¬ 
sides carbon which will simultaneously 
pull away titanium while carbon removes 
the oxygen Such a substance is chlorine 


gas. In the Kroll process, the oxide is fir.st 
converted into titanium tetrachloride by a 
method of'double puli'. Chlorine is passed 
over a hot mixture of titanium dioxide and 
carbon. 

2CIj4-Ti02+C-^Coj f TiCI, 

The tetrachloride so obtained is reduced 
with molten magnesium at about 800'C in 
an atmosphere of argon. 

TiCl4+2Mft'-^Ti+2MgCl2 
Metallic titanium is obtained as a highly 
porous material termed titanium sponge 
from which excess of magnesium and 
magnesium chloride are removed by vola¬ 
tilisation at about 1()00"C. The ^ponge can 
be fu.sed in an atmosphere of argon or 
helium using an electric arc and then ca.s( 
into ingots 


tage across the opposite faces and vice 
versa. They can, therefore, be used as 
transducers for the interconversion of 
.sound and electric energy. 

Titanium t sfers formed by the reac¬ 
tion of TiCI* with alcohol are useful as 
water-proofing agents for a variety of 
natural and synthetic fibres. The esters 
hydrolyse in moist air to provide a thin 
transparent and adherent coating. The 
diacetate is used as a flamc-retardant 
for cellulose fabrics 

The Indian scene 

India is endowed with vast deposits 
of titanium-bearing minerals in the 
beach sands of Kerala. Tamil Nadu and 
Orissa. Conservative estimates place our 
reserves at 130 million tonnes of ilmenite 
and 7 million tonnes of rutile.. Table 2 
gives.an analysis of Indian ilmenite and 
rutile. 

In 1981, India produced about 1.5 
lakh tonnes of ilmenite and 5,000 
tonnes of rutile, respectively. When the 
Orissa project is fully commissioned by 
the mtddte of 1985, the Indian Rare 
Earths Ltd, a Government of India 


Table2: Analysis of Indian ilmenite and 
rude (m percentage) 



Ilmenite 


Rutile 

Manavalakurichi 

Quiion 


T 1 O 2 

S4 42 

61.08 

90 06 

F 02 OJ 

18 2 

24 37 


FeO 

22 6 

9 37 

0 6-10 

V.Os 

0 19 

0.15 


S 1 O 2 

0.24 

06 

12 19 

AI 2 O 3 

1 29 

04 

1-3 


undertaking, would be producing 
2.20.000 tonnes of ilmenite and 10.000 
tonnes of rutile a year. Most of these 
minerals are exported yielding an ex¬ 
port earning of about Rs. 2.5 crores. 

As for the world production, the USA 
has an annual capacity to produce 
26,875 tonnes ot titanium sponge, 
USSR 22.5 to 27.5 tonnes, Japan 
13,600 tonnes and the UK, 5,250 
tonnes. 

In India, there is only one plant, 
owned and operated by Travancore 
Titanium Products, a Kerala Govern¬ 
ment undertaking, for the production 
of titanium dioxide pigment by the 


sulphate route. Though the licensed:; 
capacity of this plant is about 24,000'.^ 
tonnes per annum, the current pro- ,; 
duclion is only of the order ol 12.000 1 
tonnes per year; this is enough to meet 
our present requirements. Another . 
Kerala Government undertaking. Kera¬ 
la Minerals and Metals Ltd. would be 
commissioning their high-grade tita¬ 
nium dioxoide pigment facility based • 
on the chloride route by the end of this ' 
year. It is expected that a production of • 
20.000 tonnes per year would be j 
reached in a couple of years. Till then,' J 
our requirement of chloride-grade pig- ! 
merit of about 10.000 tonnes per year 
will have to be met by imports. 

The commercial production of tita- ‘ 
nium metal is yet to commence m our 
country. The country’s requirement of 
about 100 tq 150 tonnes per year are 
again met by imports. While the export 
of ilmenite and rutile fetches a revenue 
of about Rs. 2,5 crores. import of 
titanium sponge costs us something 
between Rs. .3 and 4 crores. The 
technology for the production of tita¬ 
nium sponge has been developed on a 
pilot plant scale at the Nuclear Fuel 
Complex in Hyderabad—a constituent 
of the Department of Atomic Energy. A 
proposal for setting up a plant for the 
production of titanium sponge by the 
Defence Metallurgical Laboratory or 
Mishra Dhatu Nigam ls under active 
consideration. Let us hope that the 
proposal will he translated into reality 
soon and we reap the full benefits of 
our abundant natural resource of this 
metal of the future And in case our 
resoiiices gel exhau.sled, we can always 
import it Irom the moon! 

/Jr ii SI tcnhfii n/fnvr tn fhr ‘\nalytnul 

Chemt^tru Dwtstun uf the Jihahho Atomic Jte- 
SL'Lirih I'cnfre. ISomhay He also teaches analy- 
tual chemistry to poU-qraduate \tuiients of 
Hombuy (•nnvrsity and is a visitinq professor at 
SNUT Womens Hniverdtq m Hombaq 
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The Nelco System 5000. 



It's the_101, 

the_86, the_80, 


the_21, the_23, 

and the_4, 


all rolled into one. 









You know how it is with computers 
Someone offers you a set of features 
Someone else offers you a few more 
Or a few less 

So what about those who want ail these features in one 
system'? 

The Nelco System 5000 

No Single system offers you the almost unbelievable 
range of features that the Nelco System 5000 does 

Compare it with the rest and see for yourself 

VWiat does the Neloo System SOM 
that the_101 doesnt? 

The Nelco System 5000 has a dynamic memory that 
adjusts Itself automatically to requirements of varying 

program sizes, unlike the_101. which has fixed 

memory partitions 

The Nelco oyslem 5000 also has dynamic file 
extension, so that file capacity increases as more 

information is stored f ile sizes in the_101 are fixed 

and have fo be declnrecf in arivance 

The Nelco System 5000 also har* printer spooling so 
multiple users don f have to wait to use a scarce resource 
like a punter 

The - , 101 doesn’t give you this option yet 

What does the Nelco System5000 have 
that the_86 doesn’t? 

To start with, the Nelco System 5000 controls security 
at four levels, eliminating unauthorised access to 
confidential data 

And like the_101. the_86 doesn’t have 

dynamic tile extension 

Moreover, the Nelco Systern 5000 offers a wide range 
of software, including packages for f-inancial Modelling, 
Hotels and Manutar'tunng Resource Planning 

What does the Nelco System5000 have 
that the—80 doesn't? 

The Nek'*) System 5000 is Itre most growth-happy 
system ttiore is, with vertical expansion for more Cf^U 
processing power and nori/ontal evpan'.ion to inr rease the 

number ol terminals and pnntei s With tfic_80 you’re 

stuck with whai you got 

The Nelco System 5000 aliow‘5 many background jobs 
to be processed at a time, unlike the „ . 80 which allow*, 
only one Even the_ 86 allows more 

Further, the Nek o System 5000 ns wo said earlier, 
offers a corrifjlete range of application packaqe'.->. including 
Word Processing 

What does the Nelco System SOOO have 
that the___21 doesn’t? 

T^■^' NgIoo Svslorn .“SOOC operates on ttio concept ot 
time siir.incj so that n CPU hound |ob cannot monnpoliee Uip 
CPU cornnielelv. l■•o'dlng up .jll other users On the ?t 
and the _ so, this (.in and di )es happen 

l-urtht'r again like the — 80. the_ 2^ offers very 
limited L'xpandabtlilv and very little application software 

What does the Nelco System5000 have 
that the---23 doesn't? 

Of course, the PDP 11 /23 is a very good system, 
even when compared to the Nelco System 5000 

But on software, unlike the wide range on the Nelco 

System 5000. the ^ --- 23, like most other 

systems, offers no specific packages for Financial Modelling 


and Manufacturing Resource Planning 
And with the Nelco System 5000, 
you get a single-source supplier offering 
you a comprehensive range of support services 

What does t h e N d co System6000 hava 
that the_4 doesnlt? 

Just about everything 

So what else does the NelM System5000have? 

A 16-bit system based on the advanced Bit Slice 
Processor, with the lowest CPU cycle time 

It’s also the most field-upgradable and expandable 
system you can get vertically, with enhanced CPU power, 
and horizontally,'with more peripherals Plus the most 
extensive communication facilities, including networking. 

Then it offers you Dynamic Memory Dynamic File 
Extension Printer spooling with all three options for 
automatic, default and no spooling A disc sector cache in 
memory to save time on disc-intensive jobs, indexed, 
Sequential and Contiguous file management 

And more Excellent 'housekeeping' routines. Scores 
of utilities And both the commonly used data-processing 
languages, BASIC and COBOL 

And easily the widest range of packages Data Based 
Report Generator, which enables anyone to produce a 
report on a do-it-youiself basis DsUa-based word processing 
'Qicpian' for all kinds of Financial Modelling Advanced 
Progiam Generator to develop your own high-level 
programs interactively 

Plus 'Solutions' a comprehensive set of application 
programs for all standard commercial applications like 
accounting, inventory control, order processing, invoicing, 
etc QMRP tor total Manufacturing Resource Planning And 
many packages tor industries like Hotels, Banking and 
Transport 

All this, backed by a fully integrated manufacturing and 
R&D facility, and teams and teams of highly-trained, 
professional Support Groups 

So if you’re looking for all this m one system, here's 
your choice The Nelco System 5000 Or all the other 
systems put together 

But that would be a little expensive, wouldn't it*? 


In llu- inW'n'* ,l o* .ill otfuM tii.ruit.it luff rs Ihf Ifiif nJf niiiio'' ol the 
tuivr* iir*iil)e'.ilfly i nnco.iic d 

£2225323 
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ARTHRITIS 


Arthritis is neither a disease 
r of old age, nor is it a result 
of dietary or cultural pat¬ 
terns. The word arthritis 
! merely signifies pain or 
; swelling at the joints. 

000 evening Doctor 
Hellol Sit down what's the problem? 
Doctor, / have a persistent pain in my knees 
and neck and a peculiar feeling of heaviness 
at the joints, so much so that sometimes 
my knees buckle under me. Today / also 


pains’ and 'gout' are often mistakenly used 
for arthritis. Vague aches or pains in soft 
tissues of the body like muscles, tendons, 
ligaments as well as in joints are sometimes 
called 'rheumatism* or 'rheumatic pains’ by 
lay persons. Again, these words have no 
medical meaning nor they tell anything 
about the manv diseases which can cause 
such pains. 

If there are so many words to describe joint 
pains, how do doctors make the correct 
diagnosis? 

Obviously, It IS advisable to avoid these 
"pseudomedical” terms and instead, de¬ 
scribe to the doctor the exact symptoms, like 


are different from the forms of arthritis 
affecting adults and old people. 

How does one recognise these forms of 
arthritis in children.^ 

In children traumatic arthritis is quite 
common. Inadvertant or trivial injuries 
which are usually forgotten by the child or 
Ignored by the parents, may later cause 
joint pain and/or swelling. Usually, a single 
joint IS involved. One must be cautious, for 
if the problem persists for more than two to 
three weeks then laboratory tests will have 
to be taken. Naturally, this problem is more 
common in persons who ai e always on the 
move as they are more prone to joint injury 




Artbritk hands (k/t) an thickened at the Joints with bent fingen. In contnst (right) an normal hands 


noticed a digbt swelling in my knuckles. Do 
I have arthritis^ Tm so worried that I will 
end UP crippled. \Vhat should I do'^ 

Don't worry, there is no reason to panic 
What you aie thinking of is rheumatoid 
arthritis, which i.s fortunately not common. 
Before we come to anv conclusions let me 
make a thor(»ugh check. 

But doctor, doesn’t arthritis cause eventual 
crippling' 

Firstly, I shall try to clear a few misunder¬ 
standings regarding the word arthritis it¬ 
self. The term arthritis simply nieams pain 
and/or swelling of joints. Nothing mote. By 
itself, arthritis does not indicate any disease 
or anything about the cause of pain and/or 
swelling in the joint It simply indicates 
that there is a problem in the joint. 
*Rheumatism’ and gout also involve prob¬ 
lems at the joints don t thiy’ How are they 
ennt from aithntis'' 
terms 'rheumatism' or rheumatic 


"I have pain and swelling in my knee, my 
joints on the lingers are stiff and swollen ", 
rather than "1 have arthritis or 
rheumatism". 

Doctor, I thought that arthritis affects only 
old people... 

It IS a common myth that arthritis occurs 
only in old age. In fact, the more severe and 
.seriously incapacitating varieties of loint 
diseases occur in young children and young 
or middle-aged adults. In contrast, the 
arthritis of old (called osteoarthritis) 
can be considered mild and easily controll¬ 
able 

Do children get the same types oi arthritis 
as adults^ 

To avoid misunderstanding. 1 shall use the 
term arthritis synonymously with diseases 
of the joint. Children get three types of 
arthritis. They are traumatic arthritis or 
a joint disease due to injury, juvenile chronic 
arthritis ucAi and rheumatic fever. These 


Another commonly seen joint disea.se of 
children is juvenile chronic arthritis ucAi 
with SIX or .seven different sub-vaiielies. 
Swelling and pain in the joints of hands and 
legs or sometimes in the back and hips, 
persisting for more than .six weeks, arc fhe 
usual symptoms Children with jca show 
signs of fever. loss of appetite and we.ghl 
and growth retardation. Unfortunately, 
many doctors ate not fully aware of this 
disease, in spite of the fact that this is the 
commone.st cause of arthritis in children It 
IS important to quickly investigate, di¬ 
agnose the exact sub-category and treat the 
disease. Unless it is done quickly, children 
may get deformities of the joints, their 
growth may be stunted and their general 
health may suffer. This category of arthritis 
IS often confused with rheumatic fever, 
where besides symptoms like ' fever, etc 
joint pains may also occur. 

1 read .*iomewhere that rheumatic fever 
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caUs^es heart disease in children. How does 
it differ from jca? 

Rheumatic fever involves joints of the legs 
and hands which get affected one after 
another, but the involvement is fleeting m 
character. Fre.sh joints get involved while 
those that were painful earlier imprcn^e. 
This is how it differs from jca where 
y joinl-pain persists in the same joints for 
weeks at a time. 

Several other clinical fcature.s and 
pathological investigations also clearly dis¬ 
tinguish JCA from rheumatic fever. 
Those having rheumatic fever require 
life time treatment with penicillin to pre¬ 
vent the major complication — rheumatic 
heart disease. On the other hand, heart 
disease is usually not associated with other 
forms of arthritis Therefore, unless 
iheuniatic fever is confirmed, there should 
not he any woiry about heart diseases 
What about arthritis in adults'^ What type is 
^ it likely he? 

Two maior. serious and often crippling 
forms of arthritis occur in young adults or 
people in early, middle age. They are 
rheumatoid arlhriti.s and seronegative 
spondarthritis (Ssa) syndrome. Besides, 
young persons can also get tuberculosis of 
the joints. 

Rheumatoid arthritis is a cripplinfi disease, 
isn't iP 

Rheumatoid arthritis is one of the most 
serious and common, chronic systemic 
diseases where joint involvement often 
leads t(» crippling. The exact frequency or 
\ incidence of this disease in the general 
I population IS not known • 

MV own experience indicates that one 
to two per cent of the Indian population 
may be having this disease m some form. 
Fortunately, the seiious form is not very 
common The general public considers this 
disease to be the real arthriti.s. 

How can one recognise it> 

It comes slowly with aching pains and 
morning stiffness in the small joints of 
fingers, hands, wrists and elbows. Knees 
and ankles are also often involved. Swelling 
of joints is common and the main feature is 
stiffness m the morning. Careful discus¬ 
sions with the patients and a good physical 
examination are sufficient for correct di¬ 
agnosis in the early stages. Blood tests and 
X-rays never show up the disease in the first 


SIX months or so. Hence, there is no 
substitute for a good old-fashioned doctor 
who listens to the symptoms of the patient 
and examines her carefully 
There arc some specialists who recommend 
special diets to cure arthritis. Do they work? 
Rheumatoid arthritis being the most severe 
of all the arthritis and a disease of unknown 
cause, self-appointed specialists ajre to be 
found galore. Most of the misinformation 
and misunderstandings about the so-called 
“arthritLs" is created and dissipated by these 
quacks. They recommend all kinds of food 
restrictions and food fads, useless medi¬ 
cines and, above all, say that there is no 
cuie for arthritis. 

Here I would like to specifically say that 
the field of arthritis is an intensely clinical 
subject. A barrage of ill-proven investiga¬ 
tions have no place in this speciality. And it 
IS NOT a disease of old age. Patients should 
not be influenced by such quacks It is true 
that the exact cause of the disease is not 
known, but the disease is controllable and 
marked relief is obtained in the majority of 
patients. 

The othci type of arthritis affecting adults. 
IS that very* common^ 

The second type of arthritis affecting young 
persons is actually a group of related 
arthritis. About one per cent ol the Indian 
population probably suffers from it That 
would mean at led.st seven million persons, 
mostly young men, who are afflicted with 
this disease Cenetic oi hereditary' factors 
are thought to be tiie cause 
What are the symptoms^ 

Pam in the lower back, difficulty in bending 
forward, severe stiffness in the lower back, 
joint involvement mainly below the waist, 
and pain which is worst at night and early 
morning are the typical features of this 
disease Heel pain, an eye disease called 
keratitis which is an inflammation of the 
cornea of the eye. attacks of dysentery, a 
burning sen.sation during urination, pus or 
blood in urine, a peculiar form of skin 
trouble, and sometimes fever, loss of weight 
and appetite are some of the features of this 
disease. In this disease a complete spectrum 
of severity is seen from the most mild form, 
(persistent heel pain, pain off-and-on in the 
knee, hip or back-pain) to a most severe and 
serious form of the disease called ankylos¬ 
ing spondylitis. The name of this disease is 


seronegative spondarthiitus us.sai .syndrome; ^ 
A lot of work has been done on this disease 
at the Ail India Institute of Medical Science^': 
(AIIMS) 

That's interesting, what have tlwy found? 

A genetic marker called tissue t>*pe (HLAI . 
B27 IS found in a large number of patients 
with this disease. This is the reason why 
many of these patients have family mem- ' 
bers (father, uncles, brothers) having simi¬ 
lar diseases or the same disease. It is / 
interesting that women mav have the tissue 
type (HLA) B27 yet they develop only a mild 
form of the di.seasc. The reason for this iSi 
not clear. 

You mentioned one more type of arthritis 
affecting adults... 

Not arthritis, tuberculosis of the joints. 
Usually a single joint or vertebral column 
joints are chronically affected, in addition 
to pain and swelling of a single loint. loss of 
weight and appetite, night sweats and fever 
are present. If not diagnosed soon, the 
disease may cause permanent deformity of 
the joints. It is uncommon in old age. With 
proper care and treatment it is completely 
curable. 

Doctor, what about joint‘disea.se.^ most^ 
commonly seen with advancing age^ 
Osteoarthritis is a joint disea.se which 
commonly develops with advancing age. 
However, (hi.s disease is observed in two 
forms, when it develops in old age and where 
the disease develops secondary* to any injury 
in the loint or other infections including 
gonorrheal, streptococcal and staphylococ¬ 
cal invasions 

What secondary* injuries can lead to 
osteoarthritis'' 

That's an interesting question. Trivial twist¬ 
ing of the knee as a youngster may lead to 
o:.ieoarthrilis of that knee Irom as early an 
age a.s .'JO years. Kxcessive and strenuous 
use of a joint as seen in sportsmen and 
labourers may similarly lead to .secondary 
osteoarthritis. Similarly, excessive shaking 
of the head by executives leads to ‘neck 
pain' or cervical spondylitis, an another 
form of osteoarthritis characterised by an 
inflammation of a vertebra in the neck 
region. Coolies carrying heavy weights on 
their backs develop osteoarthritis of the 
vertebra! column called the lumbar sjxtndy- 
litis or spondylosis. ‘Cracking the knuckles' 
leads to osteoarthritis of small loints of 
hands. 



Strenuous exercises or unnatural post* 
ures acquired too often and ashocidted with 
weak muscles are probably the commonest 
causes of osteoarthritis. 1 dare sa;^ that some 
of the yoga asanas would quicklv lead to 
osteoarthritis in these personas. Thus, sit¬ 
ting crosslegged, or squatting as during the 
use of an ‘Indian style' lavator\' leads to 
early osteoarthritis starting at ;{r> or 40 
years of age. Few realise as to how much 
weight we exert on our shoulders while 
sleeping on our sides Almost the entire 
weight of out upper body ccmti presses the 
shoulders. No wonder the shoulder is a 
common site of osteoarthritis. Osteoarthri¬ 
tis acquires diffeient names when it afflicts 
different jomt.s. Thus it is cervical spondylt)- 
$is when it is in the neck, lumbar spondylo¬ 
sis when in the lower back, and eLsewhere it 
remains osteoarthritis of so-and-so joint. 
Most people think that osteoarlhriths in¬ 
volves only one or at the most only a few 
joints. This is not true Generalised, prim¬ 
ary osteoarthritis ic a disease of multiple 
joints and superfici.iily resembles rheuma¬ 
toid arthritis. 

What an; the symptoms of osteoarthritis ^ 
The important joints involved include the 
knees, neck, hack, small joints in fingers, 
joint at the floor of the “snuffbox” and 
shoulders. Al.su, joints involved in past 
injuries are usually a site for osteoarthritis 
at a later lime The di.sease is predominantly 
asymmetiical, joints on both the sides ot 
the body are not involved together or not to 
the same extent Theie is no morning 
stiffness 

Thi' lirsl movement after sitting m a 
particular posture is ver\' paiiiful and a little 
movement “opens up the loints" I’romm 
ent cracking sounds van be heard during 
movenii'nt ot the loinl, some tunes so loud 
as to be embairassing A peculiar Iceling of 
heaviness m tlie loint is also present Some 
time.s the joints M'em to tail to bear the 
body weight, and a patient may conipiam 
• about “the knee buckhiiKi under me". Tlie 
disease i.s localised to the joints and there 
^ is no systemic illness no lever, no weight¬ 
less. A simple blond lest like k.sr (ervthro 
cyte sedimentation test) is normal. X rays 
show typical changes and here diagnosis is 
easy and straight forvsaid 

Are there some common guide-lmcs in the 
treatment of all joint di'ivases' 



The neck collar Is usualfy used for painful 
neck injuries or cervical spondylitis. The 
principle employed Is the same as that 
nppiied In splinting 


Well, biuadly speaking ves. There are three 
aspects to the management ot joint- 
diseases. Firstly, the pain, stiffness and 
other related symptoms must be lonlrolled 
Secondly, joint function must be main¬ 
tained and Ihirdiv, the root cause, li known, 
must be eliniin«ited Thus all the loiiit 
diseases which arc due to inflammatorv 
conditions would require anti-mflani- 
matory drugs and mU .simple pain killers 
Aspirin, IS the best known medicine in this 
group. 

.Aspirin' I thought it was a \imple pain 
killer. 

It I.s unfortunately often labelled a simple 
pain killer . This is wrong In addition to its 
pam-killing proper tv. it has a strong anti- 
inflarnmator\' property at higficr doses 
Those who cannot luleralr higher doses anil 
have monev to buy more expensive drugs, 
can go for tancy a.spirin-like drugs like 
naproxen, etc It used properly aspirin is 
harmless The common misheiief that it 
causes heart diseases can be totally ignored 
Actually, aspirin is extcnsivelv used for 
preventing heart attacks 
We were talking about treatment tor 
osteoarthritis 

It IS ama/ing that so many people suffer 
from this disease when the IreatmenL is so 
simple. Basically this disea.se i.s caused bv 
weakness of muscles and laxness of tendims 
and ligfimenls. Therelore. the OM Y effective 
treatment of osteoarthritis is proper mu.s- 
cle-tone building exercises. No amount of 
any medicine would affect o.sieoarlhritis. In 
fact m this di.sease. most of the medicines 
act as simple pain killers. As .soon as their 
effect wanes the pain returns 


Whg is it that in spite of this simple 
treatment of muscle tone building exer- 
uses for osteoaithritis people keep 
sutfermg'* 

The reason is simple Most of them are not 
aware o( the facts. Even it .some of them are. 
they do not get proper advice on the type of 
exercises to do Last hut not least, exercise 
for the building of the mu.scle-tone causes 
exacerbation of pain in the beginning. It 
becomes unbearable and most patients 
discontinue the exercises (Jver-weight or 
ohe.sity with nr) will to control it, especially 
m elderly women and habitual wrong 
postures further aggravate the problem. 
But probably the most important ol all 
factors IS the wrung idea and negative 
attitude that tliere n(4hing which can he 
done about it. so whv bother 
You ^ag that the pain becomes unbearable 
duung exercise, h then' no wag to aUeviate 
it' 

If the pain gets exacerbated alter exercise 
there is a simple remedy Wrap an ice pack 
(crushed ice wrapped in a lowel) around the 
joint for 10 to I.^i minutes, prior ft) the start 
(if exercise and take tvecj tablets ot any 
simple pain Killer like aspirin or paraceta¬ 
mol. This can then be followed by real 
wtirkup exercises mostly ol the isometric 
contr.'iclion Ivp*-' Hi is simple procedure 
will itnmcdialelv .solve the problem of 
exaggeralion of pain tin exercise, and the 
problem gets under lull c(»ntrol in three-to- 
lour months. No .imount of any “magic 
medicine' will ever give relief m (isteoar- 
Ihritis except muscle-tone building exer 
cises Of course, Ciirieci diagnosis is essen¬ 
tial. 

physiolherapg help^ 

Foi keeping Ihe joints in a proper fiiiict on- 
al condition and the muscle-tone m normal 
condition, inlen.sive physiotherapy is im 
portant. Splinling and simple advice on 
postures is also essential If not done, the 
patient may be “cured” but becomes a 
cripple with delorrned joints 

IS splinting' /s n related in any way 
to the 'collars' and belts' that arthritic 
/fallenIs sometimes umar^ 

Splinting IS ‘ji proce.ss by which the bones 
arc hound along pieces ol supportive mate¬ 
rial like strips of wood or metal, encased in 
cloth and padding. Just as broken bones 
heal best when wrapped in a supportive 
cast, artfiritic patients teel some relief when 
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splints are used. The purpose of splinting is 
to help maintain a correct posture The 
collars and belts used bv arthritis patients 
are really sophisticated splints, specially 
designed to correct cervical and lumbai 
spondylitis. 

Doctor, where the root cause of arthritis is 
not known, what line of treatment is 
itsuallif followed^ 

Some empirical foims ol treatment have 
been quite effective The best known among 
these aie gold-thiols, I) penicillamine and 
chloroquine for rheumatoid aithnlis, some 
drugs like methotrexate for psorialn. arthri¬ 
tis and lolchicine tor an arute attack 
of .1 rare disease, gout Recently. L)- 
penicillamine and new understanding on 
tlie old medicine gnid-thiol, has revolution¬ 
ised llie Iherapy of rheumatoid arthritis (t 
yives a lie fo the commonlv heard phrase 
among the lay-pubJn (hat there is no 
treatment for arthritis in siiciitilic medi¬ 
cine . 

/ read a news item irhete cortisone has 
protvd to be a mavtc iure' for arthritis 
Wtuit i^ tfoiii opinion^ 

Coilisone, a steroid hormone, and its other 
preparations are thought to hung about a 
dramatit t^ure overnight Patients get high¬ 


ly impre.ssed and want to continue with 
them lor a life lime. But cortisonc-tvpe 
drugs do not control the di.sease but only 
"hide It under the rug’. Patients become 
psychologically dependent on these drugs 
leading to major and serious complications. 
This treatment spoils the case completely 
and makes the patient resistant and reluc¬ 
tant to take ttie correct treatment Do not 
take oral cortisone preparations for arthritis 
even it prescribed by your doctor However, 
local cortisone injections once in a while 
could he very uselul for some conditions 
Do not rush to the doctor with the latest 
press report’ of d magic cure of arthritis 
Stick to the correct scientific programme of 
management. Y(»u will fc*'! the benefit in 
the long run 

Is arthritis connected in unit way with 
strokes or paralysis'* 

A problem often laced by me Iras been the 
mi.siinderstdndmg among the family mem¬ 
bers of patients that aithntis leads to a 
stroke or paralysis. Due to the severe 
involvement of the joints and pain, some 
patients may be reluctant to move their 
hands or feet and thus become more 
immobile. This is wrongly taken as para¬ 
lyses 


And doctor, is there any need for diet' 
reshiction m arthritis? . 

Due to our strong social background of '/" 
traditional indigenous medicine' a number ] 
of diet-related fad.s have become an almost ; 
an integral part of arthritis. None of the , 
common joint diseases have anything to do '; 
with the type of diet. Patients must take a 
normahbalanced, nourishing diet with ade- ' 
guate amounts of vitamins and minerals. 

All varieties of food restrictions so widely ' 
‘‘prescribed" (sometimes even by physicians),; 
have no scientific basis. But, care should be 
taken about calorie-rich food items to < 
prevent oveiweight. 

As 1 was telling. arthnli.s is in no way 
related to food habits. But about cultural 
habits one cannot be so sure. Perhaps using 
Indian^stvle toilets dues aggiavale the dis¬ 
ease but since there are no studies on the 
relationship between Indian cultural habits 
and arthritis, one cannot make a categorical 
statement 

A. N. Maavlya 

Dr, Mufaviya is Professor m the Department of 
Medicine, All India Institute of Medical Sciences \ 
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^ from p. 

Wlul's so disUnct iibi>uf niulton do 
pidjszii or mutton masala made at a local 
dhiihu or m a road-side cale*' These and 
^ other dishes have a disiiiut meat> flavour 
but the chemical leacfions involved therein 
are pcioily urnleisbiocl Science tells us that 
flavour i.s dependent on many variables like 
aridity types ol chemicals ispites) used, 
their concentration, booking tenipeiature. 
and the tirnr and degree of moistuie 
present, to name a few Th.it is wh\ the 
same meal cocked by different methods 
(roasting, stewing) tastes different. 

In general, all meats contain two types of 
tissues, muscle fibres and connective tissue. 
Muscle fibres arc most concentrated in the 
red portions of the meal. Connective ti$,sue 
comprises the wfiite portion of the meat 
surrounding the muscles. Meat with a high 
proportion of muscle fibre is generally quite 
tender when raw but tends to dehydrate and 
toughen on cooking. Cuts with a high 
connective tissue composition are tende- 
rised by cooking but are \eiy tough in the 


raw state so both types must be ciuiked 
aCLordingly 

Recent researcfi indicates that long lime, 
low temperatuie K *i? 9f) to 12fl'C) 
cooking IS best, .is it prolongs the lifetimes 
of natuiai meat eriA’mes (hat break down 
proteins and .so assists the tenderising pro 
less Thi.s IS also true of ceilain dais (whole 
iiJaifl. which hadilioniille were lOoked on a 
low, simmering flame for a whole day 
Adequate cooking is es.sential not only to 
enhanie la.s(e but also to kill the hacferia 
present in the nieal 

Marinating, or so.iking tough meat in a 
vinegar solution with flavouring agents like 
herbs or masalas bebire cooking tenderises 
meat further. The acid attacks the coarse 
raw meat fibres, breaking them down before 
cooking and allowing the flavourings to 
penetrate. 

Spices are used to enhance the flavour of 
food. They are als<i used to mask the taste of 
spoiling food that is stilt nutritious, but if 
unspiced would have to be thrown away. 


Some spices are used as preserv'alives, that 
enable people to preserve meat loi a year or 
mine, without lefrigeialion Cloves, .for 
example, contain a chemical called eugenol 
*hat inhibits the growth of bacteria Spices 
are also known to have therapeutic value. 
There are also other fairly complex scientific 
processes that cooks take in their 
stiide. like (ontrolhng the precise amount 
of acidity when making sugar .syrups, hal 
ivd.s. lams and marmalades. Only when the 
correct point is reached in the boiling of the 
partially inverting sugar and other ingre¬ 
dients, can the cooking pruces.s he stopped 
and the result allowed to cool into its new 
form. 

When a fruit is cooked, say for jams and 
murambas, there is a marked flavour im¬ 
provement. This IS due to proper blending 

of sugars and starches with the acid.s in the 
fruilb. 

David Gunston 

Mr. Cunston is a freelante writer who resides in 
Portsmouth, England 



Nobel laureate Francis Crick and Graeme 
Mitchison unravel the secret of dreams occurring 
during REM sleep in a daring new hypothesis 
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muscle tone accompanied by darting 
movements of the eyeballs (rapid eye 
movement or kem). The high level 
brain activity in this cycle during the 
second mode (REM sleep) seemed to 
suggest that the closed (but moving) 
eyes were “looking” (or dreaming) 
while the body acted as it paralysed. 
Thus it was in 1953 that Aserinsky and 
Kleitman reported an association be¬ 
tween rapid eye movements (REM) and 
dreaming, a finding which was con¬ 
firmed by subsequent research and ha.s 
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S cientists have hardly begun 
to understand the stuff dreams 
are made of. Dreams present a 
very elusive and difficult area of 
scientific research. They have been 
studied in their mythological, psycho^ 
logical, and neurophysiological 
aspects. The three approaches roughly 
repre.sent an historical sequence, at 
least in empha.sis. in the study of 
dreams and it i.s the l.itest, the 
neurophysiological approach, that is 
likely to answer some of the important 
questions that ari.se with re.spect to 
dreaming behaviour. 

The neurophysiologists unearthed 
their first important clue to dreaming 
behaviour while monitoring the elec¬ 
trical activity ol the brain (p:e(;i. Obser¬ 
vers found that the sleeping brain 
displayed two dominant modes—one of 
deep relaxed sleep and the other of 
light sleep where the keg re.semhled the 
rhythms of drowsy wakefulness except 
that there was a profound reduction of 
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stimulated a vast amount of neurophy¬ 
siological investigation with or without 
theoretical underpinning. We now 
know that periods of kk.m sleep alter¬ 
nate with periods of non-RKM sleep 
which has roughly four stages of in¬ 
creasing depth of sleep. ki:m sleep has 
^een reported for all viviparous mam- 
^nals so far studied, such as monkey.s. 
dogs. cats, rats, elephants, and even 
primitive marsupials like the opossum. 

A human adult may have, during one 
night. I'/j to 2 hours of kkm sleep 



spread over several periods. Dreams 
reported during kkm sleep are ver>' 
much more frequent than dreams re¬ 
ported during non-KiiM sleep: the 
former dreams arc typically vivid 
hailucinoid. and illogical, while the 
latter have a thought-like character. 
Apparently, most of the dreams during 
REM sleep fail to reach normal con¬ 
sciousness. One significant observation 
IS that newborn human babies have a 
*long time, upto eight hours, of rem 
sleep per day and REM s^eep appears to 
be even more frequent for a foetus in the 


womb, especially in the thud trimester. 
This obseivation hrilds for other mam¬ 
mals too. [f an animal is deprived of rem 
sleep but allowed to have non-REM 
sleep. It will usually compen.Sdle by 
having more REM sleep m subsequent 
sleeping periods. 

What exactly is the function of rem 
sleep? According to Roffwarg, Muzio. 
and Demenl’s theor>-. rem sleep pro¬ 
vides the internal stimulation required 
for structural differentiation and 
maturation of the central nervous sys¬ 
tem during foetal and neonatal life when 


brain growth is maximal. Snyder's 
theory proposes that REM sleep first 
evolved in the mammal to serve a 
“sentinel" or vigilance function needed 
for survival from attack by predators. 
The homeostatic theory of Ephron and 
Carrington suggests the existence of a 
homeostatic interplay between REM 
sleep and non-RKM sleep to account for 
the sequential relationship found be^ 
tween these two sleep states. (Homeos¬ 
tasis is the tendency of the organism to 
achieve equilibrium between inter¬ 
dependent elements and systems.) * 
According to Berger's oculomotor in¬ 
nervation hypothesis, rem sleep pro¬ 
vides a mechanism for establKshing 
neuromuscular pathways involved in 
voluntary conjugate eye movements. 
However, none of these and other 
theories can satisfactorily account for 
all the available findings on rem sleep. 

Recently, in collaboration with 
Graeme Mitchison. Francis Crick, who 
won the Nobel Prize for discovering the 
structure of the ona molecule, has 
come up with an intriguing hypothesis 
regarding the function of rem sleep. 
Crick and Mitchi.son. in Nature of 14 
July 198.'1. propose that the function of 
REM sleep IS to eliminate undesirable 
modes of interaction in networks of 
cells in the cerebral cortex. 

Different areas of the cerebral cortex 
a>^e a.ssociated with different functions 
such as vision and touch. The neocor- 
tex IS evolved only m mammals, apna- 
rently for special, higher hinctions like 
reasoning and problem-solving. The 
neocortex i.s richly endowed with neu¬ 
ral interconnections and a vital func¬ 
tion ot these could be to .store and 
reproduce as.sociation.s. An "event", say 
like an evening at the opera, consists of 
thuusand.s of sensations, impres.sion.s 
and memories, each of which may be 
represented by the activity of a subset 
of cells in a cell assembly. All the cells 
involved in that “event", such as the 
evening at the opera with a ladv 
wearing a rose, may form mutual 
.synapses. Later the fragrance of a rose 
IS enough to trigger off the memories 
of that entire evening. “ It is also 
hypothesised that information is not 
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“One should not be encouraged to recall 
one’s dreams because this may help retain 
patterns of thought that need to be 
eliminated...'’ 


concentrated but distributed over in a semi-random manner. These are 

many synapses. A synapse involved in also reinforced and refined through 

the above mentioned rosy aura could learning or experience. This makes us 

be superimposed with information re- “flexible". Otherwise the organism 

garding a cricket match. Such informa- would not be able to profit from novel 

tion is also robust, that is to say, the information. Thus the very process 

addition or removal of a few synapses which allows learning and cortical 

dues not affect it. growth may lead to undesirable parasi- 

Crick and Mitchison suggest that tic modes (a little like “wrong" connec- 
because of super-imposition, such net- tions in electric circuitry), 
works of cells could become overloaded How to get rid of these snarls and 
with simultaneous storage of too many “short-circuiting” connections? Crick 

different patterns or associations of and Mitchison suggest that to achieve 

patterns, especially if there is too large that aim the major inputs and outputs 

N eurons are the bask units of the nervous system. Each neuron consists of a 
celt body and thread-like branches called the dendrites. These pick up the 
• messages and pass them into the cell body from where they are analysed and sent to 
the axon —a single, long terminal—which connects the neuron to the dendrites of 
the next neuron. This connection however is not a physkal but a chemical one. A 
' gap called synapse separates the point of contact between one nerve cell and the 
next. 

Inside the neurons are potassium ions while outside its membrane are sodium 
' ions. When an impulse arrives there is an exchange of ions and generation of 
electrical potential which travels down the axon to the synapse. At this junction 
‘ neurochemicals such as acetylcholine or noradrenalin are released which bind to the 
receptor sites on the other neuron and thus transmit the message. 

Some of the electrical activity of the neurons can be pick^ up by electrodes 
attached to the scalp. Despite the amazingly complex activity of the bram, the 
electrical rhythm.s thus detected are surprisingly simple. 

an overlap among the stored pattern.s. of the system must be turned off: sleep 

Depending on the exact structure of isolates the system. Then there i.<! 

the net, this overload can precipitate dreaming which involves the activation 

certain patterns of behaviour such as of random connections internally. A 

fantasy, ubses.sion. and hallucination, fallout of such behaviour is that it also 

For instance, when the net produces activates potentially parasitic modes in 

far-fetched rir bizarre asscH:idtions, you the cortical network Rem sleep, as 

have fantasy (wings and horses may theorised by Crick and Mitchison, pro- 

combine to give you a Pegasus). We vides Ihe mechani.sm to damp down the 

may speak ot obsession if the net parasitic modes. 

produce.s the .same or similar slate. Dunng REM sleep, the forebrain is 
whatever the input ('ITiat i.s. whatever periodically and widely stimulated by 

the signals, a recurring an image of a the brain stem. The available evidence 

“sexy” temale i.s evoked.) Some nets, sugge.sts that in REM sleep, the brain is 

especially those which feed back on isolated from its normal input and 

themselvej, may respond to inapprop- output channels and its intense activity 

riate input .signals and cau.se hallucina- is piomoted by nonspecitic signals 

tioRs. Such modes of activity in cortical irom the brain stem. Thus eveiy night 

nets are normally undesirable, and aie vve dream, whether we remember our 

referred to as parasitic modes by Crick dreams or not But if the “parasitic” 

and Mitchi.son. modes are wiped out how do we recall 

There is some evidence for specificity them in our waking state? For inst- 

in the cortical wiring But the exact ance, if the Pegasus is resurrected and 

locations and the interconnections banished forever in our sleep, why do 

hetvi!|pn the neurons are brought about we remember his flight when we 


awake? The answer simply is: you 
might awake due to physical or psycho¬ 
logical discomfort during a dream and 
thus you come' to remember the 
dream. Othenvise, as Crick and Mitch¬ 
ison suggest, in rem sleep we unlearn 
our unconscious dreams. “We dream in 
order to forget.” 

As Crick and Mitchison very clearly 
admit, their theory is speculative and " 
cannot account for ail the available 
data. On the other hand, it appears to 
offer a better explanation of the present 
psychological and neurophysiological 
evidence than any other theory of rem 
sleep. Not only does it explain the need 
of REM sleep in adult life, but it also 
accounts for the excessive rem sleep 
during the deveiopment of the brain 
before and after birth. The theory is 
also consistent with the bizarre and 
hallucinoid nature of rem dreams. It 
cannot satisfactorily explain as of now 
the effects of rem sleep deprivation. If 
the Crick-Mitchison hypothesis is 
right, such a subject, deprived of his 
tuning process provided rem sleep, 
should be overwhelmed by the undesir¬ 
able parasitic modes and should even¬ 
tually land up in the lunatic asyiumi 
Une major problem is that a direct test 
of the theory does not appear to be 
feasible at the current stage of 
neurophysiological research. Indirect 
evidence can of course be gathered and 
the theory will probably stimulate 
some novel approaches to the stud;/ of 
KEM sleep and related matters. 

One important and practical conclu¬ 
sion from Crick and Mitchison’s theory 
is that one should not be encouraged to 
try to recall one’s dreams because thir 
may help to retain patterns of thougfit 
which need to be eliminated for amtte 
effective cortical functioning. Jo p 
Hughlings Jackson, the pioneer Iti- 
glish neurologist, had observed: “P nd 
out all about dreams and you will h jve 
found out all about insanify.” Crick wd 
Mitchison’s hypothesis reveals the 
prophetic aspect of this statement, 
though not in the manner anticipated 
by Jackson □ 

Dr. Kanekar is Header, Department of Applied 
Psychology, m the fnieersity of Bombay. 
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Capacitors from the Keltron supermarket: 



Made at the biggest plant in all Asia 
In collaboration with Gprague, the 
world's best name in the field. Result. 
smaller sizes 1 ow dissipation Tighter 
controls for iipple current factors 
Greater tolerances A range from 
0 4 7 Mtd to 10000 Mfd and upto 
500 Volts LCSO approval 
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THE PENICILLIN 
PAPERS 

I N Central Asia, the iradle ol LivilKsaUon. 

for cunturies nature healer.s (ramped 
from one villar*t' to the next, selling a^e-old 
remediev lor skin diseases One ol their 
most famous conioctions was a |)a.ste made 
from barlev sii»jar and dried apples. These 
ingredients were chewed by the healer 
himselt, mixed with his saliva, and left 
overni^it in a damp place. Alter (he mix¬ 
ture became covered with a vcllow-jjieen 
velvety growth, it was applied to skin sores 
as poultices The >!rowlh was none other 
than (he mould. Perunifturn. 

The stor>’ o( penicillin as a common 
therapeutic tool b a more recent one. It 
beftan in Hritaim in.(he laboratory' ol St 
Mary's Hospital. Paddington, in (he 192ns.. 

The laboratory was a mess,slrewn with 
burneis. ftlassware. hall-Idled test tubes, 
cotton plii^s and dusty flasks partially filled 
with variiaj.s colooied .solutions, awaitin>r 
microscopii inspci lion In the midst ot the 
clutter, a he.spectacled hacterioloitisl chat¬ 
ted to his assistant .A i out me day. in an 
ordinarx' l.ihoiatorv. or so it seemed In the 
course ol his iiispectitai ot the myriad 
haclerial lolonies <i|i miscellaneous petri 
dishes, the resianhei chanced iipi»n some 
thint^ iinuMiai on a bacterial culture ol 
Stanhuhff i- These are ^eneralh 
pathii|i>enic (disease piodiicin}^) hacteria 
that laiiM' a nunihei ol infections mclud 
ItijiJ pneumonia haid pniMinin^ and tes 
term^ woiiiui'. (he uilluie plate showed a 
furiiLtal coiirammani a tiresonu' occuitence 
lit eviiv iahoialoiv tin cIomm csaminalion 
i( apiVtiii'iJ (hai (he funcia! culuin had 
secrelul *noiinil ds ecljics somethin^*' that 
dis.sol\ccl till \il{o\\' slumps o( Stviphuln 
coif/ Tire somethim: turned out to be a 
woiidei iliori lh.it »evolulionisecl medi 
ciiii the jntihioMv penicillin 

On |l’..i! '•\piLiiihii da\ in I9L’S wlun 
.Mevmdei 1 lelnM’^; siooped oul tin tumiu" 
into a lesl-tui'*- tm Mihseijuent cullnalmn 
he did iu»l ruM' realise Itie poteiili.il ol hi.s 
discover)' ih i.d rro! even know the name 
ot the tuiM'i^ >.c' had isolated, hut he did 
know that lu v\ (iii (he hunk of .somethmii 
inipoi tant 

Born at l.ochtield in Scotland on 6 
Auytusl. ISSl Alexander Klerninj? w?s the 
.seventh ol eiphl ilnldreii Much ol his 
bovIvM'd w.is ^pe^t in the Scottish Hii;h- 
lands clirnbmii trees slalkiri^ rabbits, plav 

6« Sc'IKMK 'lODAA. JAM.-W JHM 



Alexstnder Fleming in his laboratory 

iiid loMih.ili and swiinminr.: in u*iiiili\ 
streams i( was a (uric duriiiis wliic.h he 
learnt to use his eyes and his head and hold 
his longue, invaluable experience tor a 
lesearcher Litei he worked as a clerk m a 
shippinjj company in I oiulon. and look par! 
in the Boei War. in South Atrua \ lej^acv 
Irom his uncle enabled him to enroll m 
medical .si liool He piadii.ited at (he top ol 
Ills I lass in inii] .uul .mii .i u ||ii\a hI (hi 


Ihiv.il lollede of SurtJeons Later he was 
accepted (as a researcher) by Alrncrth 
Wright, an eminent pathologist at St 
Marx's Hospital m Paddington He re¬ 
mained there for life 

In J9'JS. there was no method ol killing 
bacteria except by acids and disinleclanis 
which would linish off the patient as well 
When rieming lound that his new discovery 
could kill cerl.Tin disease-caiisiiig organ 






isms, he thought that it would be of value 
in treating infections. To assess this com¬ 
pound in the laboratory. Fleming invented 
a piece of apparatus—a home-made device 
of which he was very proud. He used it on 
every possible occasion. It consisted of two 
microscope slide.s, separated by vaselined 
strips of paper to make foui very' thin cells 

r inlo these, he inserted mixtures of human 
defibrinated blofnl (blood from which the 
protein fibrin has been removed so that it 
cannot clot), a suitable dilution of a broth 
culture of organisms (u.suallv StaphylooK- 
ci) and dilutions of the suKstance being 
tested. Alter sealing with wax. the slides 
were incubated overnight at 37"C, to allow 
.surx'iving orgcinism.s to grow into colonies 
which could be counted using a lens. Kew 
colonies formed, confirming that the com¬ 
pound secreted by the contaminant mould 
could kill disease-causing bacteria Fle¬ 
ming then grew the mould on different 
liifLiid media Once the mould had grown to 
maturity, he strained the solution to ohlain 
r a clear fluid. 1 le found that the fluid lost its 
power to deslrov bacteria within a few Jays 
oi it.s extraction This fluid was tested in 
laboratory animals with no ill efIeLts The 
next step was to use it to treat human 
beings for whom it proved to be non-loxic as 
well To confirm the non-toxicity of the 
fungal extract. Fleming extracted the yellow 
I (|Liid horn the fungal contaminant and 
dr.ink half a glass of it him.self -again with 
IHJ harmiul elfecis. This convinced hirn that 
the fungus needed further investigation 
His colleague Charles La Touche, a special¬ 
ist in the study of fungi and moulds 
identified the (oiitanimant as Pemailtum 
i notatum 

I Mnce the yellow K-mpoiind was leadily 
” deactivated, the bigic.il step was to find a 
means ot stabilising it (oi stoiage *and 
furtliei use Bacteriol<»gist'‘ in the Iwentie.s 
had a .sketchy knowledge (*t iliemi.stry and 
Fleming was no exception (n the rule So 
the corKenlralion of the vvIKkv snlution 
was entrusted to a young ophthalmologist 
FredricK Kidley Working with Stuart t'rad- 
dock, a lesearCh scluilat. Ridley proceeded 
to lest the solutiiMi Thev evaporated it at a 
low temperature I4(1'C) till only a few 
miltilitie.s of red fluid or stickv mass 
remained To this they added vaiious orga¬ 
nic'solvents including alcohol and ether 
/ then measured tfic amount of penicil - 
^ lin that dissolved in each .solvent. Their 
, notes indicate that penicillin readily solu 
bilised in thcwse liquids and there was 
nothing to suggest that its mstabilitv was a 
problem. What should have been a third 
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sfep in the invi'.stigalion. is the tianslei of 
penicillin to a watery ba.se Had Fleming s 
knowledge of chenii.strv been souiulet, lie 
would have attimpted it liut he had a ha/.y 
idea of chemistry, and verv little inlere.sl in 
It As a lesull he failed f(' reptul the details 
of Ridley's w'ork He went so fai as (n sfale 
in one of hi.s papers, that ‘ it (peiucilim) was 
in.soluble in ether and chloioform" when 
choloroform was not even tried out' 

In later tests, penicillin was intravrnoi's- 
ly inicded into fhe blood stream of rabbits. 
In test Its action on (hem 11 was lapidly 
intictivated Mwm afft r Ihe injection Tins led 
Fleming to dismu.s it a.s nrrthing muiv than 
a local iigeiil to treat surlace infections Me 
omitted even Ihe mention o! it m a paper he 
puhlisheiJ in HMI. enlilled Indications lor 
and Ihe value ol intravenuu.s gerniuides 
'Mills iHMiicillin was Lr>nsigiied to oblivion a 
few yc-tirs iiflei its <!is(ovc*i\ •in epi.sodc 
which underlines rallier -•fronulv the rued 
lor an inlerdiscip'inaiv approaih to scien 
tifii kiurwUcIgi 


In the .'iulumn .>i luV! whi-n Alesandi r 
Fleming allamed Ci'et)rit\ slalom he v-ms 
qiieslionecl as fo whv he lit penic illin 
remain ingieclcd lf>i IJ veais alter its 
di.scoverv’ Hi.s reply never varied, he wanttcl 
to use It fo treat inlcv led patients, but his 
clinual colleagues faili d to use it on the 
patient-' h/in d fht'x' did so. .iH the 
penicillin he po.\scssed Lad geneially he 
come inert beiMuse ol its instahibtv Final- 
ly, dUempls in Ins own laboratory’ fo 
produce a more concentraled solution lor 
Ihe purpose had failed. 

In the woids of Gwyn Macfarlane, P'lern- 
ing was “a man who stinnbU^ (»n a nugget 
of gold».shf)WS it to a fc'w iriends and then 


giK\s off to look for some thing el.se U took 
Howaid Florey, “a man who goes bark toi"' 
the same .spot and creates a gold mine," to 
recognise the value of penicillin and tO‘ ' 
.study It furtlxT. The micst important 
factor m Floiev s succe.ss as a srienti.st was 
his sense ol direction in his rescMich. His ' 
fldir for chc»<*sing lines that led not into 
blind alleys but into widei and wider lields, ' 
has been dcsctihed as almost uiuanny". 
He was cs.sentiailv an experimentalist. 

It IS he who invented the 'Oxford I'nit”, a 
.special measure to a.sse.ss the quantity ot 
penicillin in a given .solution This unit, 
named alter his iahoiatorv in Osfoid, sim¬ 
plified the study of penicillin con.^lderably.* 
in collaboration witli Frnest Rons Chain, a 
(•erman scientist, Florey developed the idea 
ol penicillin as an antibiotic, and gave it to 
the world Worid VVai II, gave the light 
ag.iiMsI infection lop pnoiilv. Florev,along 
with Chain, tried to isolate Ihe actual 
aiitihactenal agent from the mould studied 
by Fleming Rather qiiii kiv, Ihev obtained a 
yellow powder from Ihe mouldv br<ilb that 
contained the agent Ihe wai lent iiigeiuv 
to the need lor preparing piiier s.unpies of 
penicillin Seveial laboiatoiie*' iii the US 
and Greal Ihitain intensilied flien reseaidi 
in this area. 

In a young woman was .speciallv 

employed by the .VoilluTn Region.il Re 
scs'irch Lahoratorx' in I’coii.i. Illinois She 
had to go round tfie markets looking lor 
ifiltCMi fiuit She wa-' i ailed ‘ Mouldv Mary" 
()ne day she hi ought back <1 cantaloup 
melon (oviied with a H'lii.irkahSs proilui- 
live mould Pct 7 KiUuin} t ht usnqfftum 
Almost all llic' |•cnKlllln iisiil (ud.i\ lots 
clc scciicleil fioin 111 .it 01)1 roiicii melon 
hoiiebl ,ii the rn.irki > ni f'lon.i ih F>4‘4, 
.AmeiK.iii chi'iMif il pl.iiil* pn 

(Kfon) I'nils of peniciihn ifi.d readied 
the ihoiis.iiids ot oiilbon- ru.iil' li-tlci 
.111(1 fiixci-i nil tiioih Jim Inilk |•lodlKllOll 

wc h <1. MSI (I S. io;i |it nil idili hi 111),. ,111 
lippoit.mt •\'mP.mms« i.ilhei 

oviivxoiKvil .IS iiiop I■ 41'pi» ‘s ,fi*n/ 

to iikI.c.iI, 

I lemmy 1 ior* ^ .nil ( li.nn alic 
kniphied tor flu'U ui»i tn .miU in 

In I*' (Ikv vm I (oirtf P'cipnnl- oi (lie 
Nohi I Fii/. !oi .\Ki!ii.ni(: and .|..j-v 

Fcnicillni iisull w.js ah.'aciv imiU h us*'<l 


Gillian Valladares 

•'/s \ulUhhire\ X I//? 'Mr /a / /i trmn 

thi I nf liumfunf 


Anam scientific and 
Technological Applied' 
Research Foundation 


The background 

The aforesaid foundation, which has 
been recognised and approved by the 
Department of Science and Tech¬ 
nology, Government of india. is setting 
up an Institute for research and 
deveiopmental work in renewabie 
energy resources, saving of energy 
and rural development such as chea¬ 
per building materials, improved 
agricultural implements etc. 

The position 

The Governing Council is looking 
for a person to head the Institute as 

its Director. The post calls for a 
high degree of ability and experience in 
initiating, planning and co-ordinating 
research and developmental work in 
the areas of primary interest to the 
Institution The Director will be responsi - 
ble for the timely implementation of 
identified projects. 

Qualifications 

A post graduate degree in Applied 
Sciences or Engineering and about 
fifteen years experience in work relating 
to efficient utilisation of energies includ¬ 
ing renewable energy programmes or 
rural development projects. It would be 
preferable if a part of the work experi¬ 
ence is ir Management of research or 
developrnonf planning and implemen¬ 
tation of pto/ cts relevant to the objects 
of the foundation. 

Emoluments 

Salary around Rs 50,000/- per 
annum in addition to rent free; 
accommodation 

Applicahons, with bio-dato, which 
will bo treatea in strict confidence moy 
be sent within 15 days to 

Anam Scientific and Technological 
Applied Research Foundation, 

475. Jubilee Hills Colony, 
Hyderabad-500 034. 


- beautiful! 

Look at it through a 
TELESCOPE.It’s fantastic!! 

The SHARP VISION telescope 
enables you to discover the wonders 
of the Universe yourseif. 

With the fine quality of optics used in our 
telescopes, you can see the planets in their 
actual shapes. Like rings around Saturn, bands 
on Jupiter's surface and its four major satellitea 
Venus in its different crescent phases are all 
seen with amazing clarity Hundreds of craters 
on the Moon’s surface are seen in intricate 
detail Star clusters, nebulae and galaxies, 
which are beyond the reach of the unaided eye. 
become distinctly visible 

To suit your requirement, we have two different 



Both models of our telescopes will provide 
years of entertainment and learning 
Both models are equally enioyable on land 
obiects as well 

We also have a telescope optics kit for the 
<;nthusiasts who wish to build their own qiant 
lolescnpeata nominal cost The kit (optics onlyl 
IS priced at Rs 350/- post paid 
FRCE' With each model you get ‘Treasures of 
tne Night Sky" our complete guide to star 
watching including general principles of astro¬ 
nomy as a free gift This book is also available 
separately at Rs 14/- post paid 
You will be proud to possess a SHARP VISION 
telescope. And you will thank your ‘stars' you 
bought it! 

Write for complete literature to: 

SHARP VISION SCIENTIFIC CO., 


192, DDA Self Financing Scheme. 
Hauz Khas. New Delhi 110016 
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OF BOSE AND BOWMAN 


M ost people know Archimedes hv hus ee.sldlic exclamalion “Kurekal' Ikil did 
y«»u know that Archimedes was also j i^ood defence scienli.st and lhal there is 
screw named after him? Similarly. NL*\vl()n h)r most of us is associated with the 
fallm>> apple and the law of ftravilalion. Kut besides inventing the cakiilus (which 
Leibnitz .ilso did). Isaac Newion was al.so a pioneer researcher in Optics (and an 
occultist. loo).Natuiallv. these jjiaiits are immc)rtalised in the annals of science: 
llicy are named m laws and phenomena that Ihev were associated with Given 
below are ten examples Can you spot the coned one’'' Answers on pages 
7i. 75 


(1) Chandrasekhar Limit 

(A) Limit of the expanding uni¬ 
verse. 

(li) A limit beytmd which a .star 
suffers internal tollapse 

(C) Limit to which a giant star 
would grow 

(2) Bose Particle 

(A) A part of the stigma in 
fl«)wers. 

IBI Smalle.st part^le m the uni¬ 
verse. 

V (C) A Ivpe of elementary part'cle. 
(2) Newton's Kings 

(\) Kings aiOLind Satinn 

(K) Intelfereiue fringes lormed 
bv thill films 

(C) Oihits of circular motion 

Blackouts 

Cinitniucu h'otn p .li 

facililios wi'ich were dam»iged Today 
this process n lies heavilv on the ex¬ 
perience and ludgernent of the en- 
\i gineermg personnel and tliere is only 
/ preliminaiv work done t(» suggest ways 
and ine.tns l(» reMore the system lo 
normal in the miniiniim time 

l*owci lutworks ol neighlwuiring 
areas, lor iiislaiue. dilfereiil .stales aie 
mvari.iblv interumneded t.) lorin a 
grid, the primar\' purpose be ing to heV 
a neighbour, when it is dehciem in 
priwer generation The cnn.sec|Uenees ot 
.such interconnections must be clo.selv 
examined m the context of shortage of 
power generation almost everi'U’here in 
the country. Coordination under these 
conditions a.ssumes much greater sig 
nificance here than in other countries 
where the power position is not so 
critical. There are two .schools ol 
thought -one favours strong (^r tirin 
interconnections between areas and 


(4) Islet of Langerhans 

(A) Cells in the pancreas produc¬ 
ing insulin. 

(B) Sclera or white portion of the 
eye 

(C) An island emerging as a re¬ 
sult of an earthquake, 

(5) Bowman's Capsule 

(A) A capsule that dis.solvos in 
human digestive luices.. 

(B) An implantable inert capsule 
for delayed drug delivery 

(C) A part ot the kidney responsi¬ 
ble tor filtering blood. 

(6) van der Waals' Force 

(A) Long range forces of attrac¬ 
tion between moletulcs 

(B) Torce needed to separate two 

the other advocates loose linkages 
which can be cut ofl quickly demng an 
emerge I icv However, both schools 
sub.scnhe to the philosciphv thtit “when 
a man i.s drowning his associates must 
jump in lo save him'’ uplo a point 
where “the diowning man thiealens to 
pull his rescuer under', at this point, 
cacti system (aiea) must he isolated lor 
individual survival \n intere.sling pos¬ 
sibility exists of interconneiting slate 
grids by iliieci cunenl il»c* links wliuli 
enables ditlerent regions to openite at 
different lr«*quencie'‘, unlike when the 
.system works on AC This technology 
has not yet been tried in India. th«)Ugh 
il IS being practised el.sewhere. 

Tire Coordinated operalK-n of a large 
power .sy.stem is quite an involved task 
and requires ellicicnl ei|uipnunl and 



halves of a .sphere. 

(C) Surface tension at the walls- 
of a container of liquid. 

(7) Van Allen Belt 

(A) Orlhopaedic belt to provide 
support 

(H) A girdle of inten.se ionizing 
radiation. 

(C) The stretch of aluminium 
deposits 

(8) Lissajous Figures 

(A) A statistical series 
(Bl A set of irrational numbers 
(Ci A pattern traced by two su- 
pcTimpo.sed vibrations 

(9) Archimede Screw 

(A) An in.strument to measure 
density. 

(B) An ancient implement to lift 
water. 

(C) A floating valve 

(10) Petri'dish 

(A) A dish used for evaporation 
and cA'stallisation. 

(B) Dish used tor bacterial cul¬ 
ture 

(C) Di.sc like antenna of a radio 
telescope 

equally efficient p»)licy-makmg and 
iipcratmg personnel Power failures 
tan be called hv malliinction ot equip¬ 
ment and OT defective operating proce¬ 
dures While the loimer can probably 
be .set Tight lechrmally. the latter is 
more dilhcult to deal with It calls f(»r 
integrity of all lho.se who arc* conce-'ned 
with .system npc ration to enable them 
to as^e.ss and impress upon others the 
gravity of the decisions made bv them. 
We ai'e vet to get satisfactory answers 
to oiii queries as lo why our .system 
fiperates at 1 Iz most of the time, and 
as t(» why our load-shedding relays do 
not .swing into action even during 
emergency conditions’ 

Ih \imt\mdka} /- hotvssor nf Eleitrual En 
m tK t u tuna hihi/cc Icrhnival Insfi^ 
tutc Homhtw lie a PhD iri c/iriruu/ 
K'Htjnii’i'nnij ftont IIP, Ktmpur He /s lo author 
tit a hook I'awi'i Svsti'm \i)alv<iis, Opertition and 
\utnniali(in un prcwi 

SutUhankar is a tatuUif membef m the 
ek\trkal enaineinnq JeiHiitmenf m the tnsti 
ti/fe Hr has bixni tui htnu asstu laPut inih iestiny 
ot eleitriK mothmeuf 



OVER- TEMPERATURE ALARM 


T his is a solld-state device which gives 
an audio alarm whenever the tempera- 
'ture exceeds a certain fixed limit. The 
’ device can be used to monitor car engine 
; temperature or in any other similar applica- 
'tion. The device works witii 12-volt dc 
‘ power supply or with any car having 12-volt 
, battery with positive or negative ground 
system. 

The circuit of the device requires a 
thermistor, two ics and a few other compo¬ 
nents. All the components are cheap and 
readily available. The circuit is very simple 
and can be easily attached to the “led 
engine temperature indicator" (Science 
Today, September 1983). 

The thermistor (an abbreviation for 
**thermally sensitive resistor") is primarily a 
resistive element but is quite different from 
an ordinary resistor. The characteristic of 
. the thermistor is that there is considerable 
reduction in its resistance with a small 
increase in the temperature As a rule of 
thumb, the value of the thermistor drops by 
50 per cent for every 20''C temperature 
increase. 

The thermistor is connected to the 6.2 V 
zener-regulated supply through the 3.9 K 
resistor. This senes network provides the 
voltage divider action. Thus, as the temper¬ 
ature sensed by the thermistor increases, 
the fall in its rescstance develops propor¬ 
tionately, increasing the voltage acioss the 
3.9 K resistor 

The first ic 74JC is u-sed here as the 
voltage comparator The 1 K preset poten¬ 
tiometer provides adiusiable reference vol¬ 


tage against which the voltage developed the potential at the preset terminal of the ic 

across the 3.9 K resistor is compared. 555 from almost zero to more than 2 volts. 

Whenever the temperature sensed by the As the ic 555 is connected as the astable 

thermistor increases there is a drop in multivibrator with a frequency of about 

thermistor resi.stance and corresponding 1500 Hz, the repetitive high-and low-going 

increase in the voltage drop across the 3.9 K output provided by this stage will drive the 

resistor. This increasing voltage drop will loudspeaker-driving transistor and the 

make the non-inverting input terminal of loudspeaker will produce an audio alarm, 

the 1C positive in comparison with its The thermistor can be housed in a ' 
inverting input terminal, and drive the suitable brass housing or probe. Take 

output of the IC to high level. This will raise sufficient care, for the thermistor is very 
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THE HIGH SENSING PAHT OF VOL FACE COMPARATOR STAGE OF THE 

LED ENGINE TEMPERATURE "OVER TEMPERATURE ALARM" CIRCUIT 

INDICATOR CIRCUIT 


Fiq 1 







‘The device can be used to monitor car 
engine temperature or in any other similar 
application” 


THERMISTOR 

R 

lOK 

1.8K 

15K 

2.7K 

22K 

3.9K 

33K 

5.6K 

47K 

8.2K 


fragile Make sure that both the thermistor 
leads are electrically isolated from the brass 
housing or probe. 

Normally, the thermistor value is its 
resistance value at room temperature, that 
IS. 30"C. The indicator uses the thermistor 
ol 22 K ohms at 30''C You may use any 
other value from 10 K to 47 K ohms. The 
chart given below indicates the necessary 
change in the value of the 3.9 K resistor to 
suit the thermistor 

Calibration 

When the construction of the device is 
complete, connect it with proper polarity to 
a [)C 12 V supply Insert the thermistor m a 
suitable metallic probe and dip it into a 
water bath if the alarm temperature is less 
than lOO'C. Use glycerine bath for tempera- 
lures more than lOO'C hul below 150T The 
Ihermistois are not suitable for tempera¬ 
tures above 150"C. Maintain the tempera¬ 
ture within ±r'C of til desired alarm 
temperature Adjust the 1 K potentiometer 
such that the alarm just starts 

To sense the car engine tempeiature, the 
thermistor probe can be mounted at a 
suitable place on the engine. You ma>’ even 
iiUsCTl flic probe, with proper leak proof 
arrangement, inside the radiator While 
sensing the engine temperature from the 
radiator, the placement ol the piobe is very 
impor^ml The probe should be placed very 
close to the point wheit the radiator 
receives hot water fiom the engini At this 
point one can assume that the water 
temperature i.s almost equal to the engine 
temperature At all other places on the 
radiator, the temperature will be consider¬ 
ably lower as the function of the radiator is 
to cool down the circulating hot water. 

if you desire to use the over-temperature 
alarm with the “LRU engine temperature 
indicator" you can delete some of the 
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8-PIN 8-PIN DUAL IN 

METAL ENVELOPE LINE PLASTIC PACKAGE 


IC 741C 

1 OFFSET NULL 

2 INVERT INPUT 

3 NON-INVERT INPUT 
4-VE 

5 OFFSET NULL 

6 OUTPUT 

7 +VE 

8 (NO CONNECTION) 

common components such as the thermis 
tor, zener diode and preset potentiometer 
This IS the reason whv the circuit ol the 
“Over-temperature alarm" (Kig 1) iv. shown 
in two separate parts The left-hand part can 
be substituted by the “ll'O engine tempera¬ 
ture indicator" circuit Fig 2 shows the 
high .sensing part of the i KD engine temper 
atuie indicator cir'uit and how the Ic 
voltage toniparalor stage ot the “Over- 
tcmperalure alarm ’ is mnneLteJ to it With 
this arrangement, the alarm will .sound 
whenever the red lld lights The entire 
cinuit of the "ii u engine temperature 
indicator" is kept undisturbed, the onlv 
difference being the inverting and non- 
inverting inputs of the u 74U' are inter¬ 
changed. 

Yon will need: 

Senifconductor:s. Integrated circuits 
IC 741C.-1 No . IC S.W 1 No.. Transistor, 


IC5S5 

1GROUND-VE 

2 TRIGGER 

3 OUTPUT 

4 RESET 

5 CONTROL VOLTAGE 

6 THRESHOLD 

7 DISCHARGE 

8 VCC(+VE) 

.SI 1(10 or iiH. lOoN I No , /ener diode, ().2 
V400 mW 1 No . Thermistor 22 K- 1 No 

Capacitors 0 1 nild polvesUi or leramu’ 

2 Nos. 

Resistors tall ' .* watt tape) 10 K 2 Nos,, 
4 7 K 1 No . I K 2 Nos . 27(' oI'iils-- 
IN*>, 220 ohms 2 Nos , 100 ohms - 1 No : 
10 ofims - I Sn 

Potenliotiietei 1 K carbon linear or wire 
wound---I No 

fjiinlsfwhet K oliin.s hOO niW nnnialure 
1 No 

Approximate lost ol the ahewe eleclriv 
components in the llombay rnaiket, Ks SO 
Mist, ic experimenter's veroboard. bras.» 
probe for thermistor solder, wiies suitable 
enclosuie. cooling tind f(»r si 100 tiansis 
tor. eU 

Anil V. Borkar 




PSSSST! COMPUTER SECRETS 


D O cunipiilcrs whisptr liu*n .rcuts'' 
Yes, thev dn (n anv Htft* '«(iphisiiu)lul 
:|l 0 U{;(h to hiMr Kvtiv innipuUr 

onstantly and uniPlunlMHiallv t.idix 
winch can in dcLodcJ with .1 Jt'viii' 
lesigned fo» cleclronk spvinfi. \v«j\f) 

ire transmitled fr<nn paih oi llu- Lonipulii 
ike screen, cliii.ssis, winn^ and powi i Iiik s 
C xperls believe that (he espiuiiatli <1! Hih 
Bind enuid he done and Ifieie i'. a Jeep 
yoneern exislmu anumj: Mcurilv ohim i«»iis 
H imputei useis, ii’poileJ in (he Vne )titl\ 
Times 

An enjiiineei well aapienled with nalumjl 
lecunty rnaUeiN wlm deeliiied («» disiluM' 
U<i ideiildv .says. Inteieeplion is .ili 
:he time Theie aii peuide who devote llu 11 
vorkin^ enei^v lo tiTini.* to iirul out how lo 
1(1 this not only with (he enemy bnl will) 
riendly iifdions 

Sifinal.s emitted horn llu individual (om 
pulers (an he hlo. ked easily At Los .\lmo 
[IQS Nation.d I alxiialon. tiie 100ms con- 
Lainin^ lame lompiiteis are lined with 
:opniT sheets and ollie** areas v*heie hiph 
iecuritv has to he m.iintained have been 
installed with small holated Loinpulei.s 
:oveied hv linn metal plates Dowevei. 
iroledion ol omipiitets n eranplieated h\ 
Fiumber ot eharacteiislks <t| mmpiitei re 
dilution such as miitasinp, liequencN ol 
:rtmpillr‘i signals whuli leipme moie le- 


1 ^1 IK L'MsteiiLL (»l /oinhie.s ampses 
.said to he leviveil hv witduiaiH has 
been a corilioveisuil issue and now .1 
llar\aul hotamsi, K Wide u>h 

eludes that ‘ Zoini>iisin exists and is .1 
s^'Lielal phenomenon that can he es 
plained lopualh 

Imvis !<<irkd I amaivjik I'oiivimi .1 

t'.ili.iJiai! n <111.d iuad ol tile rMiiiial 
M. I ' '.III II' I'miI an-L i'I ke n* Ilaiti 
who Ills >•( III Ir me loi veais m 
estaoh l> Mil tinlli ahoul the pikiiome 
non lii'lM •». il'.eiii sloJied liVi lasesxiiv 
('losx K 1 sii-i hi.II!' ih.it o! c Lmviu^ 
NdlLlsn I i:’iii di* ul III IMhJ 

hul ieap|x ti, I ,i« a"i ih I‘tsO ^ini( 
niSed i \ tl. 10 J'lii {>1 iioie 

Doinon hvlie'.’d Ihat .Nawis^ \\a> 
poisoned b\ In'. h?''ilwis biiaiisi he 
^rduicd lo >.;o -I'iiim .\iih llw.n plan oi 
.sernnif'the lari.r, ! hkI iiMin a /'oinlne 
potion in 'inli I \ .0 thai his 
vital loiild ii.h he dell cted ILiVis s 
analysis ot the puti-ai oht mud nom the 


lined shielding At the same time the tools 
u.sid hv spie^ to decode .siiiJials aie heeoni 
int; hr-ttei and mr>re widely avaiiahle as 
semuonductors “chip.s used in llu detei- 
lion proiess become cheaper and mon- 
sriphistk tiled 

Kor Linknitwn reasons, this kind ol eht 
(KMiu spvmn i-s known as ‘leiopesl \ 
compuler i»eiiiiilv expert at the \im\ '■ 
Material Development and Kiadvness ( oin 
mand sard, “The Department ot Delence 
believes llu lempesl piohleni is irii 1 easing 
Wliiii vou used to handle class'lkd inloi 
m.ilion rnanuallv (here wa.s no problem 
with automation it is another stm'x 

The most worrisome problem is that one 
da\ uirnpiilei cspujnajje ma\ eiilei IIil 
luismess world In order to oveitiuik this 
problem some standai*ds have hem sel uj' 
lor redikirij> computer emissuuis m 
plviccs that deal with sensitive mioimation 
Sikh as banks, slock brokerages and lom 
inoditv markets' savs IMiilip C llmmas 
tread ot iecunt\ svslein» at Waiip I-aboi- 
atoru's, iiii \( cording lo \nlhonv Im nowi 
head lolradialion testini> at Cliometiis hu . 
a oirnpanv in IVobuin Mass . that mami 
lailines pioducis to block radio heciueiiu 
ei'iissions ‘'Ilie ranye o\rr wtiieh .i compu 
tei s Mj»nals urn be puked up is hmlilv 
1 lassiliecl ai'd dependent on Ihc k\el m| 
electionic polliilion' m (he area uiulei 


malreolenl voodoo prusis known .1 
hoc01 s reve.iied that its aitive inpie 
dll Ills Wvie a laipe New Wriild load 
iHiihi m.n/m/sj and one 01 moie speLie>. 
Ill piilli'i lish I he toad, .icinidine lo 
Da^'^ duilams liallucinoLiens powertiil 
.iM.il ^(III III s .irid ilienikals tli.it i.tlect 
Ilk he.iil and Ikivoiis sy^lem I'lii lish 
lontaiiis .1 cli.idh iie»\i poisnn called 
ti tl'xJiiluMII 

I he I poisi.iis hi .1 lead to dillkullv 111 
brealhiim, l'I.is'' ev d 'i.ne and Ihen 
linal p.llill^^l iiiil v\( III! im ht.il till 111 
(ie> iiie lu'i lost I hi' iilul o| (lii. 
poi'.oh ill peiiJs nil llu doNa^e loo m.ich 
will kill loo (ompleii Iv .irid u'su.si ila- 
lion will t;e irniiossihli Ivvn with the 
coneit do^‘‘. ll’ie hocois told Davis, a 
/.onibie mus| he exhumed w thin about 
v:-!.! hnius or will be lost, piesumablv 
to .ispiiwialion 

it IS still .i mvsterv how zombies aie 
revived tmm their dcatlilrkc comas. 
Once a sombre is revived, savs Davis, it is 


surveillance, but .'iOd lect is not unreason- 
iible at all 

\ radio wa\e laii be cieated hv ixcrv 
^park So dii»it.il switchiiiji in a conii'uler 
i.'iuses radio .sij*nals to spread in all direc¬ 
tions. even hack into the power line When 
.111 oper.itoi presses the t' hullorr lor 
example, or <m\ other ke\, unuiue sk>iials 
are radiated troin a word pioLes.ioi xelikli 
I all be easily piiked up bv speeial antennas 
and decoded Iw soi>his|kalecl tools such as 
spiiliuni analy/cis and juiweilul compu¬ 
ters 

rills tecfiniquc is almost tliiilx ve.iisolcl. 
lull It IS finlv in [he past lew years dial lire 
need for its detencive side has been recoji- 
nised in the I nited States government, and 
its seciiritv Ji^encv tias in.slriicled computer 
makers to build special computers witli 
builf-m shields th.it hloik radio si^MiiK 
.Small computer*, can also be coveied v ith 
metal and the .screen with a thin metal 
mesh The eleitruallv conductive paints 
and odk'i hi(>ii teclrnolo^v materi.iLs have 
become substitutes lor usin^ on the inside 
ol plastic cases ol the computers 

Giri.sh Kunkur 

r/? him/'in u'fic, nntf/ mi'ittiL was h’e/eti*/uc 
'iwts/nnf in X(//\r/ ino\) is nmi \sststont 
Hiinks (iffhci ni th\' lin/i^h iouthil I ihnirii 
Hnnithiu 



liucilrlv ted with a paste made o| sweet 
potato and i/ii/n/.i an exliemelv 
hatlucii'ioi^enic plant, and led away in a 
state ot intoxication to work as a blave. 
Niiicissi; .spent several years a.s a slave in 
a su(iai plantation hut zomhu-.s do not 
make ver\' ^ood ^vorkers .\tler then 
ordeal then senses are sr» distorted that 
the .sliftlitcsl etl'irl needs ureal etfort 


When corpses walk... 
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SHY IN JANUARY 1984i 


All planets in the mominCsItp 


D uring the tir»t two months ot the new 
calendar year, all the nine planets will 
be presenl in the morning sky and the best 
tunc to observe them would be about an 


hour and a half hefoie the local sunrise on 
any day of the last week ot lanuary During 
this ytai there will be a total of 27 events ot 
lunar ncrultations of planets, mosth with 
Saturn Uranus and Mars Unfortunately 
only two of them will be seen m India each 
being an occultation of Saturn by the Mwn 
on 26 January and 10 June There will also 
occur a total of thite penumbral eclipses of 
the Moon and ttyo central eebpses of the 
Sun dhinng the whole calendar year. 

Meccuiy will be best seeh in the morning 
sl^ duntfg tM last week of January tiU the 
mMkfie edtbe neitiyionSi, beuiining M|gi- 


ter every day and gaining in phase Venuu is 
now gradually receding from the momii^ 
sky Its apparent brightness is falling and 
the angular sue is decreasing steadily On 


the 27th earh morning Venus wilt be seen 
about a degree north ot Jupiter Mars nses 
every Jay uround the midnight It will move 
tu Libra by the end uf the month Saturn is 
a littk ahead ot Mars and will remain in the 
GonstellatKin labra throughout the year 
Jupiter will be seen somewhat below Venus 
till the lattei crosses the former on the 
27th Through a telescope, the rmgs of 
Saturn will be distineUy visible The Moon 
will pass by Mars on gSth. Saturn on 26th, 
Urahus on 28th, Jupiter on 29th Venus on 
30th and Mercuty on 31st 

N. C. RANA 















J^#Bose Particle —C' Any member 
of a set of elementary particles having 
integral units of angular momentum 
(spin 0. 1 etc.). These are named after 
Satyendranath Bose (b. lHy4--d. 1974) 
who formulated new Quantum Statis¬ 
tics which describe the behaviour of 
these parlkles also called as Bosons, 
which obey the Bose- Einstein statis¬ 
tics BoMins include photons, mesons 
or even number of nucleons also the 
recently discovereil intermediate vector 
boson (associated with radioactive de¬ 
cay) and the proposed particle graviton 
(associated with gravitation ). 


C##Newton's Rings—B: A series of circular bright and dark bands which 
appear about the point of contact between a glass plate and a convex lens, 
which IS pressed against it. and illuminated with monochromatic (light of one 
colour) light The rings are due to the interference of light at the thin film or 
air between the glass surfaces These rings were named atter Sir Isaac Newton 
(b. If)12 - d. 1727) the famous scientist. 


Jm r* — 
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rr* Islet of lAiigerhans— B; A mass of 
cells in the pancreas secreting insulin. 
X This is named after Paul l.angerhans 
^fcl847—d. 1888 a German anatomist. 






'•Bowman’s Capsule—C; A tvs’o layered membranuus sac surrounding; the 
capillary loops inside a kidney capsule. It constitutes the closed end of a 
nephron (a functional unit of the kidney). This capsule is named after—Sir 
William Bowman (b. lS16--d. 1892) surgeon and histologist. 


0«Lissidous Figures—C: The dis¬ 
placement pattern traced nut by the 
superposition of two vibrations in 
directions at right angles to each other. 
These figures can be constructed 
graphically or they may be obtained on 
the screen of a cathode ray oscillo¬ 
scope. These figures can be used to 
determine the frequency of a vibration. 
These figures were named after Jules 
Antoine Lissajous .(1822-1880) French 
mathematician 


^Archimedes’s' Screw—B: A device 
tor raising water by inediis ot a lotating 
broad-threaded .screw or spirally bent 
tube within an inclined hollow cylin¬ 
der. Archimedes (287 BC—212 BC was 
a Greek mathematician and inventor. 


10 •Petri Dish—B; A shallow glass 
or plastic dish with a loosely fitting 
overlapping cover used for bacterial 
plate cultures and plant and animal 
tissue cultures. Juliiis Richard Petri (d 
1921) was a German bacteriologist 


^•van der Waais’ Force—A: Weak 
intermolccular and interatomic forces 
that are electrostatic in nature. Some 
molecules have a positive charge al one 
Vnd and a negative ciiarge at the other 
forming a permanent dipole If such 
molecules having permanent dipole 
rnoments are in random thermal mo¬ 
tion then some of their relative orienta¬ 
tions cause attraction or repulsion. 
These forces arc named after Van der 
Waal (b. 1837--d, 1923). 


Halt the Winner 

I N reply t(i our Novcmbci quiz r<;ader$ literally .sent in "rTivnadh ol nicli i*s'! \\V were" 
both ovfTwheInH'd and giatUied by their re^ponst... imartinf lh»ouj{h hundreds 
of entries that list meters ranffinft trom the famjliat Cidonnutn lo exotic M>unding 
devices like alj^fsichromomelei (which, incidentallv. records the lime lequireJ to 
produce a painful impiessioni Dven after wc closed the cotnpelituin. entries kept 
comini} in intimately we had no allernalive hut tcv the iinprecedeiiled step of 
declaring two winners -to f)r V.S. Madjiiindi from Solapui goes rhe first pti/e for the 
masimum number of meters- 2^0 to he precise We have alv» awarded a special prize to 
Master Ablmk Mendoma ot Manguloie lor a lomnieridahle list oi metei.s' 


/ •Vdn Allen Radiation Belt—B: 
One of the belts of intense ionizing 
radiation in space about the earth 
formed by high-energy charged parti- 
cle.s which are trapped by the 
Geomagnetic field. This belt is named 
after James Alfred Van Allen (b. 1914) 
U.S. physicist. 


Win a Prize 


F or this month’s quiz we want you (o send us as many i-ntri,e.s as you can about 
scientists—the laws and phenomena in science that iu$ named alter them. 
Rei;neniber to send -in a little explanation with each item The inasing date i., February 
5.1984. 




The stove on the left uses wood for fuel and on the right paddy husk^dried 
leaves and cowdung in dry cake form 


FUEL 

EFFICIENT 

STOVES 

T he Indian Institute of ScierKv, Banga¬ 
lore, has designed two stoves which may 
provide an answer to fuel shortages in rural 
areas ot the Third Wr^rld 
One of the stoves uses wood for fuel. Its 
mam component is a hollow tube of non- 
combustible material. It.s length is trimmed 
to suit the height of the housewife and its 
diameter is determined by the amount of 
fuel it IS supposed to burn. A number of 
holes are drilled at the base of the tube to 
help draw in air for combustion The lower 
portion of the tube is covered with a grate 
framework to discharge ash and cinders. 

The fuel IS Ignited with a burning piece of 
charcoal or cowdung introduced at the 
bottom of the stove dong with a few small 
pieces of w<kh1. The stove consumes wood at 
the rate of about 500 grammes per 20 
minutes and attains temperature upto 
],200''C. It takes 14 minutes to boil about 
four litres of water and utilises 750 gram¬ 
mes of wood to cook a kilogramme of rice. 
The stove is virtually smokeless even when 
recharged with damp fuel. It was tested over 
a period of six months and was found to 
perform satisfactorily. 

The .second stove uses paddy husk, dried 
leaves and cowdung in dry cake form as 
fuel It IS made of ti metal sheet fashioned in 
a tubulai form, with small lioles at the 
bottom for air flow to aid combustion. Ash 
is removed by stoking The stove is lighted 
u.sing charcoal The stfive takes 15 minutes 
to boil four litres ot water. 

Accelerometer and vibration pick-up 


Vibration pick-up 

T he Indian Space Research Organcsation 
(iSKOi has developed piezo-electric vibra¬ 
tion pick-ups with charge amplifiers to 
measure vibration and shock encountered 
in rocket mohirs during static .md flight 


tests These accelerometers, however, can 
also he used for measuring vibration and 
shock encountered in industrial machines, 
machine tools, vehicles and stiuctures. 

These pick-up.s are of isolated compres¬ 
sion type. The piezo-electric sensing ele¬ 
ment, when subjected to mechanical stress 
induced by vibration and shock, produces 
an electric output proportionately 

The ISKO has also developed strain gauge 
accelerometers for monitoring the accelera¬ 
tions of rockets during flight The.se 
accelerometers can also he used to measuie 
the accelerations of any moving object. 

The accelerometers use a tapered stain¬ 
less steel cantilever beam with a constant 
strain distribution along the axis of the 
beam and a mass at the end. The beam and 
the mass constitute a spring moss system. 
The damping is provided by a suitable 
damping fluid. The strain gauges and adhe¬ 
sives provide thermal matching and bond¬ 
ing properties. These accelerometers need 
recalibration every six months. 






Analog ifMge 
analyser d^eloped 


T he National Remote Sensing Agency 
(NRSA) of Department of Space, Hyder¬ 
abad, has developed an analog image ana¬ 
lyser for analysing black and white 
transparencies. 

H The analyser consists of a light table 
iwhich illuminates the transparency and a 
vidicon camera to view the illuminated 
portion. The camera is provided with hori¬ 
zontal and vertical drive signals, synchro¬ 
nising pulses and other controls. The out¬ 
put video signal of the camera is fed to a 
video processor where it is sliced into eight 
ranges using comparator logic circuits 
(CLC) The output of fix', after several proces¬ 
ses, IS obtained in eight colours correspond¬ 
ing to eight black and white levels. 

The display of colour version of black and 
white transparencies has its uses in the 
analysis of remotely sensed images, biume- 
ydical research and in forensic science. 


Special surface 
effect on leather 


A TEAM of scientists from Central Leath¬ 
er Research Institute (CL. t) of Madras 
ha.s invented a method of producing special 
surface effects on finished Iccitlier surfaces. 
A clearly vi.sible gram effect could be 
produced on finished leathers hy this simple 
and clieap pr<>cess 

The chemicai.s required (or this process 
' ( aire a weak base and a weak organic acid 
chemical compoyid is applied on the 
^ .‘esh side of the leather with a brush or an 
ink-filter along pre determined lines* or 
de.sign If a random design is required, the 
chemicals may'be merely sprinkled. t)n 
applying the cfiemicaLs, the phenomenon of 
.shrinking starts. Predominant surface 
grains appear and the process is completed 
on drying. 

The drying of the leather takes only a few 
minutes. Once the leather us completely 
dry. It IS slightly hand-boarded to remove 
the dried-up chemicals. Stretching is done 
at a later stage. Some of the gram effects 
produced are popcorn effect, quilted and 
pebble design. 

The chemicals can be applied by wooden 
blocks also, as in textile printing, on a 
commercial scale. For this, a stamp pad is 



Light table with vidicon camera above It and the image display screen 


prepared and this is soaked with the che¬ 
mical compound. The wooden block with 
the necessary design is soaked with the 
chemicals and stamped on the leather 
surface. 

The technique is ideally suited for semi- 
chrome gram garment, suede leathers and 
also vegetahle-tanncd leathers The thick- 
ne.s.s of the leather should preferahly he (I 7 
to 0.9 mm 

Medicinal garlic 

G arlic powder has immense uses not 
only in cooking hut al.so in medicinal 
preparations hecau,se nf it.s carminative, 
anthelmintic and antuseplic properties 

The Central Food Technoingical Re¬ 
search Institute (CiTRli, Mysore, ha.s worked 
out an improved pr(»cess for the manufac¬ 
ture of garlic powder. This technique effects 
a considerable .saving of time and labour 
and the product has better colour, flavour, 
antibacterial activity and also pharmaceu¬ 
tical value. 

The technique consists of scrubbing of 
the garlic bulbs under mild pressure to 
remove the skin. The cloves are then 
conditioned and dehydrated. The husk is 
removed and the cloves separated. The 


dried cloves are powdered to the desired 
mesh .size ^nd packed m air-tight con¬ 
tainers. 


Computerised 
microwave oven 


A n electronic concern based m Seoul, 
South Korea, has developed a micro- 
wave oven controlled by a microprocessor 
which di-splays power level, temperature, 
cooking time and time of day 
The oven can operate m either a 4-slage 
temperature cooking mode or a 3 ^tage 
time cooking mode by setting the computer 
programme accordingly. The cooking can 
be delaved for up to 11 hours and .'>9 
tuinufes hy programming the oven. pre.s.s- 
ing the delay start pad and setting the 
desired delay time. 

The memory entry and recall system 
enables the user to store a recipe in the 
memory of the oven which can be made to 
repeat automatically when needed. The lku 
indicators provided show the various stages 
of cooking that have been programmed into 
the oven. In addition, the oven has a 
temperature probe with indicator lamp 
which lights up when the food has reached 
the desired temperature and automatically 
turns off the unit. 








No robot can feel the pounding of bloo^ in the 
head as I am feeling now... 



fT'oiiiniUf tl (itiiii /ifjiif* -I {/ 

appealed for help Irorn the not police. 

Normally one would have sent .such a 
robot straijihl awav h) the scrapeyard. 
For nt»thin^ is so dangerous in the 
ancient lohotk codes (established m 
the pre cision agej as a nihot that 
dreams or in anv av displays irrational 
or nduilivc behavioLiu 

Whv then did we desist Iron) des 
tioviiig the robots present in Itie mas¬ 
ter u)nln)l Minm en masse^ Firsl. he- 
eauso wc did hrid a table that was 
clacked and .splintered as though a 
giant sleclgi hammer had landed on it. 
The tiueslion «s who did it^ It could be 
the gieenrnan (who boasts of strange 
powers ac(|iiii'ed as a roull ot living in 
Ihe open oulsiJe the d(*ine) Second, wc 
did find marks and brui.ses on the 
person of the pink master. So the 
robol’.s actouni Iti.ii the pink master 
till no hurt ikw harm is .suspect (wc 
have i|iiarantined the robot con¬ 


cerned). Also, the greenman did not 
.seem to be as frightened as the pink 
mastei. who seemed to shake like a 
case ot alpine blues. 

it can't be You all know me. That 
madman Manav Chaudhari should be 
disintegrated, lie is merely spreading 
the canard that I am metallic because 
he wants me to be out ol this post. He 
calls anyone opposed to that mad 
movement of Ins. “hot" You know 1 
even icmarked what a pretty wife that 
madman had’ 1 could teel her beauty 
like a pain in tl • chest, after all these 
years spent in the lonimess of this 
mom. Could a robot have appreciated 
beauty? I feel, therctore I am...I am 
human that is . . 

But what if that mad Manav is right? 
Of course, how dumb of me ... after all 
these years.. No human could have 


/ 

surived that dreadful crash... no«^.iiat 
mean the love I still feel for r/ dearest 
Sona. for my lovely ['.na, is false? 
Impossible! No rok|i/can feel the 
pounding of bloodiffthe head as I am 
feeling now... Oml must be growing 
old now ... shouldn’t have fought with 
that arrogant rapscallion... 

There is only one way left to prove 
him wrong... I must use the cryochisel. 
Let us .see where the green switch of, 
the chisel is located... Why are my 
hands trembling thus? Does that hap¬ 
pen to a robot? Ha! Why don’t you 
answer me,you dumb robot? Yes, you 
there at the end of the assembly line! 1 
addre.ss, nay, command you to stay 
away from that alarm. 1 am the boss 
here and I'll show you that hot human 
blood flows m mv veins not pallid 



The Board of l>irectors of Bharat Kobo- 
tics is immensely grieved over the 
sudden and untimely end ot that most \ 
illustrous colleague. Chief Aloke 
Andharay. He died of shuck. He was our 
first brain-child, neither fully robot nor 
man. His was a mind too valuable to 
lose on the smouldering wreckage of 
the car which was undoubtedly sabot¬ 
aged .... We transplanted his brain 
neural network by neural network to 
prove that man and metal can and 
must indeed live in harmony—inside 
the same frame. That is the only way to 
defy necrosis that must ultimately 
creep upon us... Although we saved his . 
mind, we could not protect ‘1 agairsi if 
the shocking sight that >'as the out¬ 
come of his griseiy expep'ment. As you 
will appreciate, he hirrjiblf could not 
have been warned. For ^ do so was to 
risk the very end t.tat ha.s finally 
overtaken our brain ^hild... But his 
death will not have br en in vain if those 
misguided souls fr<' /i outside realise at 
last that we mean no harm to humank¬ 
ind...we want humankind to survive 
and it can only surive if it cooperates 
with their cybernetic cousins, the 
robots... good night. □ 

Mr. (jhate.>a popular vwnce writfr. rs Kdttor 
Srishti Dnyan, a maralhi saence magazine 
publiihed from Pune 





3IRESH CHANDRA 
SUHA AWARD 


The IndiarfVl^atiDnal Science Academy 
has awarded ttk^^iiesh Chandra Gulia 
Lectureship: 1984rs;^ Professnr B. K. 
Bachhawat. director, ^dian Institute of 
Chemical Hifilofiy. Calcutta. This is in 
recof^nition of his pioneering contributions 
to neurocheniistry, piotein eneigy malnut 
rition, fiposomes as specilic target-oriented 
deliven' systems, glvcolipids, glycoproteins 
find lectin in enzyme immuno-as.savs 

SWAMI 

PRANAVANAND 
SCIENCE AWARD 

Prole.ssoi Lcela MulheiLn, former licad 
ol ihe z(K)logv depaitment, I’niNersitv of 
Poona, has been presented with the first 
Swami ’Vanavanand Science Award lor 
Departmental Biology hv the Indian Socidv 
ol Developmental Biologists The award has 
been given in recognition of her pioneering 
y _ 


contributions to teaching and research in 
the areas of early development of the chick, 
Icratolugical studies and environmental 
aspects ot developmental biology. 

S. R. GOWARIKER 

Dr. S. R. Gowanker has been appointed 
diiector ol Central Scienlilic Instrun'.ents 
Organisation (('.sioi Chandigarh Karlier. he 
was head of the Technical Physics Division 
ol Rhabha Atomic Research Centre iraro 
Bombay. 

Dr. Gowanker was concerned with the 
development of neutron counters m haw 
which he joined in 1955. Later as scientific 
officei in Its Nuclear Pliysics Division, he 
was responsible for the design and fabrua- 
tion of the electnimagnetic isotope separ 
ator built lor the first lime in the country 
with major components indegenouslv de 
veloped He also played a maior role in 
building the variable energy cytlolron a! 


Calcutta. He had the overall responsibility 
of coordinating the various K^siii activities of 
iiARC before his present appointment 

M. P. DHIR 

Dr M. P Dhir has been appointed 
director of the Centra! Road Re.scarch 
Institute K KHi). New Delhi. With cKin since 
1957. he lias been heading its Roads 
Division lor the last 15 years 

Dr. Dhir’s contiibutions include a new 
pavement system for desert areas, evalua¬ 
tion oi granular mixes, improvemcnls in 
bullock cart designs, test-Irack research 
and rural roads Among his lonsultancv 
assignments, includes (he designing and 
construction of the velodrome for Asiad ’82. 

A.ssoc]ated with .several technical com¬ 
mittees of the Indian Roads Congress and 
other institutions. Dr. Dhir is involved in 
the identification of ka.I) needs and thrusts 

in highway engineering 
\ 
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HOW MANY WICKETS 
KAPIL? 



I N \ leirnllN' miulLided le^t selU•^ llu* 
tola! niiinK-i ot wkkrts i.lain,vd hv Indi 
an bowleis wa'^ exactiv Idtl 

Kapil took (Ik- nigliesl niinikr o( wuk- 
iK vvliitli uas a pt*ili‘d IhniiN g«)t 

tiu lejNl MLinilu'i ot Madan taicd 

belter than Binn\ anJ !ht iiUinhd ol 
wkkets Llaimed hv MaJan. \\a^ als?. a 
peifiv .1 M|iiai'e Ravi tovjk ,ts nianvukki Isa^ 
Kapil 

Mow inan\ wiikels wen taken In likIi 
bow'lei' 

S. Bahleshwar 

(Snlunafi ? 7 c\-f innulh) 

Solution to last month's brain teaser 

THE THREE ANTS'HOLIDAYS 

T opological problems oi this type can 

he solved with the help ol planar 
giaphs' Shown alongside i.s the ‘planar 
graph ol a cube reve.iling all its 12 



edges the louhs along whiili the ants 
Lould travel Starling Irom anv laie p«>inl. 
one has initially directional ojition.s avail- 
able, but having Lliosen one ol them at the 
next .station onlv J are available heuuse 
baik (latknig h not permissible \l Ihe 
next cornel 2 oplmris aie oiiLe again 
available, hul theieattei il all tire leinaining 
points have somehow to be tovved in Ihe 
lime assigrud. (here is onlv one wav ol 
doing so Die Ifgal nonihei ol ilosed 
Lire oils possible Imm a verlne haek again 
to ilsell is llierelrne 1 !^ Hhal is 
1 . 1 I . 1 . I) 

It these paths .iit in.irked on the plan.o 
, raph lormal in thin, sets litru '.nr each 
direction rii stalling as in the auoriipanving 
Jiagram), it will In* lound on Lonipafing 
tliern that l<»» CMrv inie route there is \ine 
iniire and onlv rme in‘»re wimh h com¬ 
patible with it. in the sense that it lan be 
traversed wilh(»ul the ants tonvergtng on ihe 
same verliu* at fire same (iriie Suih 
compatible niutes have Ireen shown in the 
diagram in tiu same n>w As lire third 
partner is always nri.ssing in these .sets. Ihe 
plan whkh the ants had in mind lor 
separate holidays is not one whkfi c.in be 
adi»pted in the manner thev had envisaged 





I N the Inntiua^e ol ci imindlM dumonJ^ ju* 
"t(K)l ice" -lolourle.ss hits ot carhon liiat 
can make or bieak ioilunes However 
diamonds coine in ditterent colouis suih 
yellow, red and blue What make" a di¬ 
amond like Mope hliie’'^ II is a fascinctliii^ 
question which takes us into the h•Mrt 
lOMiscatinp laibon 

Mow does ttie same innleiial. caibon, 
assume stall vaiious hues’'' 'Ihe answer is 
simple due to v.iiioiis impiPilies VtiiJlv 
it IS the I'leetforis troin (liesL iinpuiities 
which respond vaiiouslv («• the dilktenl 
wavJenulhs ol Iip,ht and irn[)a»l manv 
splenJoined luu*s lo (lu Mini' 

Thus, in the abs-iue ol impinilies a 
colourless diamond niav he colouied' h\ 
chan^'nji its eleetif»nic sl.des, lor invlance. 
by means ol heal i',ari)ina-M\s, and ni*'i* 
rons Meat (reatinent is o'k ol tiu uiokI 
widelv used leJiniqiu^ {o ‘dvi’ diain'-nds 

Neiihi'jis jnitdihi 'ii'.itiom ■ oinuKiiion 

When Mdiiilion ol lc»w peiieliation used 
colouration appears OnK in thin Miil.ue 
areas A diaiiKMul inatl»aUd with neiilion" 
(urns ^uen On heatiiie, in an ineit 
alniospheie al ihoul Mnu't’. the ^fdom 
dian^es to liHnvo and Miei' lo an atlMvU\e 
golden vellow I pon Hu nature i>i ll e 
impurities piesenl, an irradiated diamond 
mav acquiie ditii-ieiil ln|oll|^, too Ihus il 
mav turn hliii'.h leJdish nr purple The 
important coIchiiihiK ate traces of iron, 
chnmiium. nickel titanium 


Diamond is said to he colouiless only in 
the chemically puie slate The impurities 
impdil C(»lour by absorption For instance 
when while light passes through a ruby it 
emerges depleted of its violef and yellow 
green components Essen!lally, all of red is 
transmitted, allov with soifie blue, giving 
ruby its deep red colour wilh a slight purple 
cast (TIu basic material of ruby is corun¬ 
dum. an oxide of aluminium with the 
lot miila \\ d) I l^ire corundum is colourless 
hut in ruby a brilliant colour results from 
the Mihsliluhon ol a lew per cent of 
aluminium lon^ M Mnoniiiim ions (Ci 
-r-I- t) wliuh «ne tlie vital “impurity' 
lianslorming ct»uindum into red ruby ) 

Since impurities are not alway.^ same, 
vaiialion n| uloui is not uiilikelv This is 
so not onl\ with diamonds but also with 
olhei suhslaiices, siuh as comiiulum, 
qu.niz, berv! called ailoihromahc 

I hen there .11 e suhstancis which do not 
change colour are "^elf coloured and 

lierue ar’e knr»wn as idiothroinalic. Some of 
llrip aie aAiiilc (J t uC(){ CTilMIDd and 
P^ridtil I'Mg Kelj SiD,i t’uppei and iron 
au respectively the colouring elements 
hiMiioise ;h\I.OiCu()2IMK,>»M30) is 
anollier idiochromatic substaiue which 
gets its iliaiacleri:.lii*ally altraitive hue due 

to (fjppei 

The colour ot llv*se substances also can 
vary provided impurities are added to them. 
'Ihus if aluminium in turquoise is replaced 


hv iron, a giciii shade re'^ulls. the 
chaiactenstic skv blui- ot luri|uoise is 
caused by the element c<»ppei 

In addition lo diauiond. hervi and quaitz 
are other common substances whose col¬ 
ours vars’ depending on the nature 0! 
irnpuNhe.% DervI (lit ;\l.(SiO,),) exists p’ 
the colourless and the i(*Ioured lor ms- 
prominently green, skv-biue. pink arut ved 
low The green toloiir is due lo chromium 
The sky-blue colour and the pink are 
h\speclively due to non and lithium 
Quart/ which is crystalline silicon dins* 
ide also exists in colourless and the col 
oured varieties The coloured Icrrms mav 
have purple, vellow, pink colour and othtrs 
riie colour change is due to the impu dies 
present in them 

Although sapphiit aoJ iub\ have idiiificai 
cnslal structuie and properties si.ili as 
hardness, densitv etc, tlicv vary in their 
colours Though both are composed of 
aluminium oxide (AIjMj. white .sapphire is 
colourless but nibv is rtd The ditierence is 
due to the lad that while white sapphiie 
does not mduale any selective absorption, 
ruhv absorbs in Hie blue region showing red 
colour 

P. C. Bhattachaijiya 

V 

Dr Bhuttachari/a /%tvtih the VidijasagarCoUegi 
m the ^4-Pafganas in lies/ Hent/ai 





Presenting the many feicets of 
Best & Crompton 

r.ngineering Services: 

■ Transrnis^jion Lines ■ High Voltage Substations 

■ Bus Ducts for Generating Stations ■ Railway 
Electrification ■ Inciustrial Electrification 

■ I lydraulic Engineering ■ Engineering Design 

■ Captive Power Plants ■ New Energy Systems 

■ Fire Protection Systems ■ Materials Handling 

■ Turnkey Power Project Overseas 

Manufacturers: 

■ Pumps — General purpose, Agrirulturni. , 

Industrial & Chemical ■ Castings ■ Beacon Lifts 

■ Automotive Electrical Equipment ■ Control ’ 
Panels ■ Equipment for Power Electronics 

■ Carbon Brushes, f’rocess and Cinema Arc Carbons 

■ Train Lighting Alternators ■ Beacon Weir Pumps 

■ Beacon Rotork Valve Ac(uaf<jis 

Best#>crompton 

Best & Crompton Engineering Limited 

29 Rajaji Salai Madras (lOOOOl 




























Always room for more! 



an burst of frolic. 
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Fiom monufocturing elecrodes to harnessing solor energy 
sysrems is c junnp few companies con make 

At Advoni <'>»rlikon we rolse ir in our srnde 

IhoT s becai ise our corporote philosophy is never sroric It is 
need-based ro meet me changing needs of indusiry Which 
means rhar ou^ producr range, too is consronrly chonging 
In accordance with rhe requiremenrs of industry Beginning 
with elecTrodes (rhe widesi ronge in Indio) ond going on ro 
welding ecjuipmenr ro cmemo carbons to electronics ro 
business efficiency systems to computer services ro 
microfilming to heor Treorment services ond now ro sdor 
energy systems Thor will help provide rhe country with on 
olrernote source of energy 


Ar Advoni-Oerlikon this is jusr rhe beginning The end is 
rx>where in sight 


liiHlIuii l»!!!!!J 

AOVANI-OERLIKON LIMITED 

More than jusf welders to the nation. 

Bijni^nlurH c Oarnda D Hhubnne&wor Li Bombay n CulruMa [i Cochin n 
Df^lhi u HyderaboJ m Jomshpdpuf □ Lucknow n MaiJrps ri Pune □ 

Raipur □ Vi'nkhorxirrio'n 


H. !.i, An liVj 










Why choose 

THE BRITISH INSTITUTES? 

becMAAe.thtn m a. diffofuvjb! 


The British Institutes 

with nearly 50 years' expertise has helped over a million 
ambitious men and women attain success 
in their chosen careers 



Tools and Kits 
supplied for 
Radio Engg and 
Transistor Radio 
Engg courses 


CAREER ORIENTED DIPLOMA COURSES m BUSINESS MANAGEMENT Industrial Management, Export Management, 
PERSONNEL MANAGEMENT. Sales Management, MARKETING MANAGEMENT Office Management, MATERIALS 
MANAGEMENT, Business Training. Business Letters, Personality Development. Banking, Accountancy Secretaryship, 
JOURNALISM, Commercial Art. GOOD ENGLISH, French, German, Russian. MECHANICAL, Electrical Aeronautical, 
AUTOMOBILE, Architecture, Civil, Chemical, TRANSISTOR RADIO, Radio, Television, TEXTILES, Rubber, PETROLEUM, 
Computer, REFRIGERATION. Industrial Chemistry and Diesel Engg. 

SPECIALISED TRAINING FOR A.M I.E (India), A M I.Mech E. (India), A M 11 
Chem.E , A.M.Ae.S.I., A.S E (London), N.P C Supervisors, l.l.T Entrance. Cert 
A I I.B , D B.M. (I M C ), D.Com (Accounts 6i I. Tax), D.Com (Banking), D.Com. 

(Costing), D Com. (Bus Org ), D.Com (Comp Sec-). ACS (India). A.I A.M fii 
C.A Entrance Exams. 

« ALSO EXPERT COACHING FOR BANK PROBATIONARY 
OFFICERS' EXAM * BANK CLERICAL EXAM * APTITUDE TEST FOR DBM (IMC) EXAM 


Wc aru offIclalljr 
recognitad 
training canira 
for Cart.A.I.I.B,. 
D Com. (IMC) 
ft D ft.H.(IMC) 
Examination!. 


our FREE CAREER GUIDE will help you salect 
the right courie ACT NOW 

Wr/te today, tend coupon, come personally or 
telephone 256755 

THE BRITISH INSTITUTES 

B22, P O. Box 1025, 359, D N Road. Bombay-400 023 


Ask For Our 
Career Guidance 



I THE BRITISH INSTITUTES''r B7.' » O Dnk 102G (i n Honci Bcmihav «UU o2i 

I 

I 

1 Please send me a F-REE Prospoctux in ihe bUHJECT 

2 Name Eduration 

I Address 


SPEAK ANY FOREIGN LANGUAGE IN JUST 90 DAYS 
SPANISH RUSSIAN JAPANESE 

‘Mi: ^ 




with the most exciting 

LINGUAPHONE INSTITUTE , 

(B. I. LANGUAGES INSTITUTE) LANGUAGE COURSES 

ViJii li.lf p yri I lirirl.TSt.ii.il ynii hi-.|iii ^ f pn-.|iij ly —s] • ,il .ii.i 'i 

in.l rniifiiliTitly v»Ml)i .111 iiith. nii' i. c fni ' 

For full details of English Inli^rmediato ft Advanced Enalish, 

T’niM.irY Lnqlish hioiiih Intr^imt^dmtp F ench German 
IniermurJidtn Gi>rin,in Hiissmn Japannsr' Spanish 
Aiabir Persian Chi'irsr tMandann) lliirin,o 
(Conrnnct.E'), Malay, Hindi nt any 'hi 
38 lariLjiiaijGS throucih rerurrls ui cassi'tu s 
and iifioks Also nvailaliln trivni pack*, 
and Medically Spnakinij' cojt^n 

LINGUAPHONE .iNsrnufF (B I LANGUAGES INSTITUTE) 
piovidcs cveryihing you need to leaip a language 
Wn'P rnday send coupon or comu puifonellv loi Irae doiails lO 
LINGUmPHONF INSTITUTE (Oopi 56 F22) 

UCO Bank Building Flnin Foumam 359 ON Road Bombay 400 02 1 
Demnnttralion Ceniras ai 

rj tA Covi PlaioFa'i Cakuira 700 069 IJ OaryaBani, New Oaltii-t 10 OOJ 


LINGUABHONE INSTITUTE (8 I LANGUAGES INSTITUTE) 

*jh riJ UCOBanh Building Flora Founlain 359 ON Road. Bombay'AOO U 2 3 

Ploasp St ud niG FRFE deiiiils foi 

(specify language) 

Name 

l^ddrcss 



A PASSION FOR DRESSING 

could be developed into making 
your own fashionable clothes 

ICS the oldest 
correspondence school 
provides specialised 
courses in 
dressmaking & 
pattern cutting 

Other interesting courses 

Beauty Care ft Pei tonality, 

Intel lor Deroration Oil ft 
Watei Ctilniir Painting Fine 
Art. Caitooning, Cnmniercial 
Art, Shoit Story Wiinng, 

Free Lanct Journal.am 
Photography Gardenin,; 

Good inglisli, Advei'ising 
Private Seiretary’s, Public 
Relations, Business Mgi 
Peisonnel Mgt Maiketing Mgt 
Hotel ft Catering Mgt etc 

Electinnics Arrhitectoie 
Plastic Technology 
Radio, Audio ft T V Servicing 
Refrigeration A Airconditioning 
Cotton Carding ft Spinning, 

Instrumentation. Metallurgy 
Ice Cream Technology 

WrIlf 10(1 ay sond coupnn itr ('irru |i«>r i.inl, lor iri>n nidi lo 

INTLRMATIOMAL CORRESPONOLRGE SCHOOLS 

SuiD 72 UCO Bdoii Blilq Muidtrid Chrjwr I* U 11 il Bonib'iy-AljO I'PT 



. INTERNATIONAL CORRESPONDENCE SCHOOIS 

I F'l D22 UCO Ba iK lllitg Huidimd r iigwr P U Q'lx 111 ' Bonibay 400')2 I 
Please send me a FREE Prospectus in tli'< SUB IFCT 
Name Fduiaii.'iii 

Address 


..J 

(SUN 
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COMPUTER CALLfyi 





aim 


JOB ORIENTED DIPLOMA 
COMPUTER COURSES 


B O.P.S. Invites Applications Fpr Admission ^ 

For Following Diploma Courses in Computer Programming Systeq^^ 

Advanced Computer Programming 


Coboi Programming 


Basic Programming 


Fortran Programming 


Pascai Programming 


Data Base Management 


Word Processing 


Consoie Operations 


Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. 


We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 

~ JOm BOPS BECAUSE BOPS IS THE BEST~ 


I CONTACT 

I B.D.P.S. FOR TURTHER DETAILS 


BUREAU OF DATA 
PROCESSING SYSTEMS 


Hoad Office 
BDP5 I rI 

103, Hiiuj Rajasthan Bldg 
Dadasahnb Phalke Rnad 
Ondar East 
BOMBAY 400014 
Tol Nil 4484?2 
H D P S .1 T I 

Krishna Cinorrid Builciinci 
Ibl riiiiir, Shivap Chowk 

KALYAN 421301 

HOPS . TI 

Abnkiir i. mcmii Qiiildmu 
Near Railway Statinn 
POONA-411001 
DDPS ITI 
Malhii ii 
W'nwrey L <rin 
Shiv.ip Fto.iu 
NASIK 422 001 
R D P b Ml 
Ohiinwal.iv Ashi.iin 
M.ilviya K(j.iri 
S'tahiiliii 
NAGPUR 12 

n [11’s ITI 

Dr Uiiii 111(1-• ( I•lr1|]llllllr1 
1 ,1 Fliinr M.iltMkiJi Ru.ifl 
Nm II ( nnl'fil Hill btalinn 
AMRAVATI 
B n p ‘j ‘) I 
r iiirM Niwas 
Kajiirk.ir Builihruj 
M.iidan Aarl 
AHMEDNAGAR 
H D P 3 ill 
24 A Wixirl*- Hoad 
Opji Madr.isa Allani 
MADRAS 600 002 
ThI No hi 1275 
UDPs in 
No 7 Paiidt'irarna Pill.ii 
Sireot 
Ti iiruii 

TRICHI 620017 



B D f* 5 n I 
Fust ricKii 

Mh, Nail kri Ni'W btruijt 

MADURAI 

Ei L) P a I I I 

ImFIoim RS Huildmn 

111 Riiri(|,ii Li(ii/vdt'( SrrPHt 

COIMBATORE 641001 

a 1) 1 s ITI 

81 L'lirry Hoad 
Opji P W D Offin. 

Nfiir t inf 

K ijni.ii.isrin)vp.jll> 

SALEM 636007 

H r* f *5 ITI 

No 1 ' I ,(f liinr 
Suiiih C.ir Sru'fT 
TiMjneivr III lij»vri 

TIHUNELVELLI 627 006 

I 1 ! 

iJn 1 A HoriniOorai Mo 1(1 
0|i|j 'jaliiya Mocirlhy 
HosjtiMl 

New Rdvi Ihi'dtrr 
ERODE 638009 
B D »' b ITI 
Nn 1? r.asl Ciiibs Road 
Giinrihi Nnifar 

VELLORE 632006 

IT Nadii I 


Blips IT' 

No 6 Vi( liiriH Road 
Near Head Post rilfu t< 
TUTICORIN 
‘T Narli. I 
BOPS I f I 

88 Gfindniyiidi'ial bi 

KUMBAKONAM 612 001 

BDP^ ITI 

1*1/ KdiiiiilLhi Ariirnaii Kdil 
bt 

Oppn iili Kiindan Tfu'dtre 
PONDICHERRY 605 001 
H D PS I rI 
22 5th ( iiiHca'i 
(landhi N.i(|rii 
BANGALORc btoOOOS 
h'l No 26414 
B D P S I I I 
25 ‘Jth Mam Irri Rlnc k 
Jayanaijar 

BANGALORE 560 011 

BOPS ITI 

8/1 NaMyana Sashn Hd 
Opp Maliadf'swaia ]r rii|)lc 

MYSORE-5 70 004 


ODPb III 

Altova New Udyaya Caff 
Nuar Sonraj Cirrie 
Railway Station Road 
Huburl-ionpot 

KOLARGOLD FIELDS 

RnPb in 

Oinkt'i HuildiiM) 

Vidya Niiqai 
Main Road 1 
HUBLI-580 021 
PDPb in 
Shivavaii 

Ojiji l.inq aj ( nllpge 
I'lilU'ije Hoad 
BELGAUM 590001 
rinPS it: 

Qiia'.ti Building 
Riuirn No 40 Ird Floor 
Kb Riin (.rosy Read 
MANGALORE 575 001 
ucjps in 
8° Biahmin blo'iii 
Above Arvind Gun Agencios 
BELIARY-583101 
i r I 

4th Moor VolihnBldg 
Near Municipal Garden 

PANJIM-GOA 


ITI 

Jrri Floor Owaraka Bldq 
Near Cine Lata 

MARGAON GOA 
403601 

n I 

Melquiiidps Buildini) 
Beitind JudK lal Conn 

VASCO-DA-GAMA - GOA 

I n 

Shankar Huildirig 
Below Pournima Lodge 
Ansa Bhatt 
M.’.PUSA GOA 
BDPS 111 
Parvaliii Mandirarn 
Near Dairy Farm 
Pditom 

TRIVANDRUM-695 004 

BDPS ITI 
10415F 

Moiduen Pdll.gRiiafl 
Neni Cnrp Bus Stand 
CALICUT *673 001 
BDPS ITI 
18 80 Cfinvenr Hoad 
Nijar Lu'iveni Juriciiiin 
Eriidkulani 
COCHIN - 682011 
BOPb ITI 
3id rloor 

JJ8 C fiandralok Building 
Office Cnmplox, S U Road 
SECUNDERABAD 500 003 
BDPb ITI 
12 1 234 Simnappabi 
2nd F'nor 

TlRUPATI-517501 

BDPb ITI 

3r(] rinur Atuive Dona Hank 
Opp M S Uiiiversity 
BARODA-390005 
BDPS ITI 
C (I St Xavier s E nglish 
High School 
Khabmaha', Tatanaqar 
JAMSHEDPUR 
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ADMISSION-NOTICE FOR 


GOVERNMENT OF INDIA & UNION STATES- 

RECOGNISED DIPLOMAS & DEGREES. 

Applications invilpd from employed/unemployed Boys Ht Girls for the following Engineering & Management 
Correipondcnce Courses 


MANAGEMENT COURSES 


1. 6BADUATESHIP COURSES Oh A M I B M Part A R 

2. A.I.B.M. DIPLOMA IN BUSINESS MANACiEMhNT 

S. GOVT. OF INDIA COMPANY SECRETABV EXAMINATION - liii«rm«diaie & F inal 
«. I.C.W.A. (INDIA) - Inttfriiiediai« & Final 
S. I.C.M.A. (LONDON)-Part I II III & IV 
S. CHARTERED SECRETARY (I ONDONi Pan I II & III 
7. CHARTEREDACCOUNTANTiCAIEnirancpInlertnediaiv dr Final 


ENGINEERING COURSES 


1. GRADUATESHIP (B.E): A M I E (India) - Studentship Sertinn A&B in ('hemical.C ivil f Icrrnral 
t lec tronKs& Communications Mechanical Metallurgical & Mining Enqineenriy 

2. GRADUATESHIP (B.E.): AMIE I t (India) Secium A & B Tele Com & f lectromcs 

3. GRADUATESHIP (B.E.): SUl^VhYOR 

4. GRADUATESHIP (B.E.): AM Ae S I - AERONAU VIC'AI Studantihip St'ttion AitB 

5. GRADUATESHIP(B.E.): A M I M E IINDIAI - Ml CHANIt'AL .Stud.>ntship Set non A & K 

6. GRADUATESHIP (B.E.): C E (U K) In Civil Cht'mical LU-tnomrs dr Radio F uvl I n^q Mailin' 

Mi'rhdiiital F’loduction. Naval Architect & Structural Eiigg Part I & II 

7. GRADUATESHIP(B.E.>: A M 11 CHEM E (INDIAN - Studeni'.hip Sviiu.nAdtK 

8. GRADUATESHIP (B.E.): IIM (INDIA) - Metals Engg Part I dr II 

9. GRADUATESHIP(B.E.): INDUSTRIAL ENGINEEKINC. 

(ALL THE ABOVE COURSES ARE RECOGNISED BY THE GOVT OF INDIA & ALL INDIAN UNION 
STATES AS EQUIVALENT TO B E OR B Tech EVEN AFTER PASSING ANY OF THE ABOVE 
COURSES, STUDENTS ARE ELIGIBLE FOR ADMISSION TO M E . M Tech 
COURSES OF INDIAN UNIVERSITY) 

10. GRADUATESHIP. AUTOMOBILE: A M I A E Studentship. Section A & B 

11. I.I.T. ENTRANCE EXAMINATION 

12. DIPLOMA IN REFRIGERATION AND AIRCONDITIONING 

13. GOVT. AGRICULTURE ENGG. 

14. STATE BOARD OF TECHNICAL EDUCATION (jtjvt o( Andhia Piadesli 
[ ainilnac(ii Kerala Stales - Diplomas in Civil. Mechanical & Electrical Engg 

15. CITY R GUILDS ELECTRICAL DIPLOMA • C G I A (LDNDONi 

16. CITY R GUILDS (LONDON) RADIO R T.V. COURSE 

17. GOVT. OF INDIA RADIO OFHCERS COURSE. C.O.P CLASS IRII 
IR DRAUGHTSMAN - CIVIL R MECHANICAL ENGG. 

19. A.M.LM.L (INDIA) Motor Industry (Diploma in Aulomohile I nqgl 

ADMISSION QUALIFICATIONS: Matnc'SSC HSC PUC Intermediate (jiaduate O-ploma many 
Branch or Graduates in Engg 

FACILITIES OFFERED : This is the only Institute in India giving maximum facilities to its students I imited 
Seats. Examination Centres all over India & abroad F-ully equipped library highly qualified and experienced staff 
Career Guidance arrangement for practicals. supply of lessons and fiee books ettc are some of the sp««c lal featmes 

This IS one of oldest and leputed Institutes in India with thousands of Indian and Foteqin students All subiects arc 
taught from the beginning So you start from scratch For full detailed prospectus and Admission form send Ks 1 *"1 
for Engineering Courses and Rs 10/ for Management Courses by Money Order or Postal Order or Demand Draft 
to the Principal 

Institute of Correspondence Studies 

Himaydt Nagar, Hyderabad 500 029, (INDIA) PHONES 221128, 63407 
BIGGEST AND OLDEST CORRESPONDENCE INSTMTITE IN INDIA 
RECOGNISED R AFFILIATED TO 

The Institution ol Business Management The Institution ot Motor Industry. The insliluuon ol Automotive Engmeeis 


SCIENCE 














MOLECULAR BIOLOGY UNIT 

TATA INSTITUTE / 
OF 

FUNDAMENTAL RESEARCH 


If you are a student in the second year M.Sc. or equivalent with a very good 
academic record and a strong interest in doing research in biology, you can 
apply to spend about six weeks next summer working at the Molecular Biology 
Unit of the Tata Institute of Fundamental Research. The areas in which you 
can work will include biochemistry, developmental biology, molecular genetics 
and neurobiology. To be considered, send the following in an envelope 
addressed to The Administrative Officer (Establishment), Tata Institute of 
Fundamental Research, Horn! Bhabha Road, Bombay 400 005, so as to reach 
him before February 29,1984: 

1. An authenticated copy of your bio-data and academic record. 

2. An autobiographical essay, one or two pages long. 

3. A clear statement of purpose as to why you are interested in coming here 
(this should be in about 250 words). 

4 A choice of dates: indicate a continuous period of six weeks between 1 st 
May and 31 st July 1984 which would suit you (give one or two aiternatives, 
because a hostel room may not always be available; if you do not need 
accommodation, say so). 

The envelope should have the words ‘Molecular Biology Summer 
Programme' clearly written on the outside. In addition, request two persons 
who are acquainted with you academically to send letters of recommendation 
in a similarly superscribed envelope directly to the above address, also before 
February 29,1984. Selected candidates will be informed individually. During 
the period of their stay heie. they will be paid a stipend of Rs. 500/- per month, 
return second class rail fare from their place of residence, and, if they want it, 
will be provided hostel accommodation at their own cost (this will work out to 
about Rs. 150/- a month or less). 


r 
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^ LADDER TO junior 
A 3RILLIANT CAREER 

SCIENCE STUDENTS : DIGEST g 

A Complete guide to various science based exams, viz at 10+2 level. ~ 
IIT. Engineering Entrance, Medical Entrance, C.P.M.T.. N.D.A., etc. g 

SPECIAL FEATURES : S 

□ Informative and educative articles on Maths. Physics, Chemistry m 
and Biology; Science News, Mental Ability Test, Test Yourself, oc 
f] Life History of National and International Scientists. q : 

I ] Readers Queries, Projects. Model Test Papers for various com- ^ ■ 
petitive examinations, JSD penpals. X 

And ^ 

Various Contests Offer Fabulous Prizes. ^ 

Also, free gift offer to direct subscribers 


ViLRJVIA. BROTHERS 

21, Shankar Market. Connaught Circu.s, Post Box 531 New Delhi-110001 
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I CAREERS/COMPETmON BOOKS Rs P 
GK A Who’s Who 2 50 

Oh|e(.iivc Type Genera! Knowledge 

OP r.ir/Fw 8 00 

General Knowktige, Current Affairs, 

Interviews A Who’s Who O P Varma 10 )0 
Supei Intelligence Tests 

Major Jodh Singh 1S (lO 

Caiecr Opportunities in India 

O P I'arma IS OO 

b( If Employment for the Eduuifi'd 

I In-'nipli»yed J S 7 orfi'j#" 35 IH) 

Dinxtoiy oi McJkaI Instituiions in India 7 ^0 
Guide for Admission to Medical 

Coll- Miijof J.kJIi Singh 3^.00 

Directory of Tethnological & 

Enginecinig Instiluiions in India 7 30 

1 I I MathcmJiics Dr A.M Malhotra 30 00 
('hetk Your 1 Q Su\hU Varma 6 00 

I.Q Made Easy Vuima 6 00 

Popular I.Q Sudiil Varma 6 00 

Improve Your I.Q Smhil Varma ^ 00 

lest Yourself Sfis/ii/Trirmii * 6 00 

Handbook of Mental Ability Tests 10 (HI 

Sill DevLiopriunt A Better L.iving 
I /)/ SK Ray 6.00 

[ SciLiitiliL Knowlidgef3P Varma 1000 

j Pvtiv day Science OP Votma 6 00 

' Gaiulln'^ 1 eathing'-6 00 
I'Ssenlials of Conslitulioiuil Law 

of India 1:^50 

[rnTr, st'RviTg a s ) MLi^iNA'rioN ! 

(’onipliie Dciaiis A Proipeetiis of Civil 
SiTvitcs fxam (Preliminary A Mam) 6 00 
GiMiTal Studies (Objective lype) for 
Preliminary Lxam 
O P Varma J Shaktl Batra, 

\ B. Rakhfja A Prabha Aggarwal 35 00 

Varma's Handbook of English for the 
Civil Services Mam Examinatioo 
Shak ri Barra 25.00 


[ ‘ ‘ CENERAl, KNCIJSH 
How to Write Effective English S Batra 
An of Beiirr Speaking A Bc'tri Writing 
Mr\ I imla Ojha ami Shak ti Hd/ra 
Humoious Quotations 
How to Study, t<i Read and to Make 
Notes Shakn Batra 

Common Errors id English and How 
to Avoid Them 

Varma’b Essays for Higher Secondary, 
Pre-Univerbiiy A Intermediate 
Exams Shakli Batra 

Varma's College Essays Shaktl Batra 
Varma’s Book of Idioms A Phrases 
Shakti Batra 

Varma's CompositKvn Book with Applied 
Grammar for Middle A High School 
Classes A S Kama 
Synonyms, Antony mb A Homonyms 
Shakti Batra 

New Pattern General English 

Shakti Batra and Prahha Aggarwaf 
Dictinnaiy of Provcibs, Liteid’y 
Gems, IJioms A Ph.ases 
Two Parlition Novels S hakn Patra 

1_ LKT IXR Wlu’llNt; ‘_ 

i,(X)0U(lcn 
C'llchy Business Letters 
Modem Business Lcttcn 
Little Lovely L,cttcrii 
Modem Letters 

Lo ve Let ters . _ _ 

_I KEE POST\ (xL A 

tvs I’l'i/r Unal honk 


~1 _ BUSINESS M4N At.EMKNr 

15 00 PractKal Business Managemmi 

Personnel Management A liidustnal 
7 00 Relations Harjinder Siugh 

6 00 Varma's Dllitc Procedure A l^ialii ig 

Small Scale Industries in India 
-^00 bn Ahuja 

Public Relations A S Chauhan 
7.00 Materials M inagrrneiit NN Kapnnr 
Mass ('oniinunK,ations B N Ahuju ■(* 
Shaktl Batra 

« (in Negotiate, Bargain and Enter 

into CollcLlive Agn emenis 

7 m ^ Saxrna 

Eundarncntiil Printipk-s and Praciiu 
i)f Maiiagtim III J S Ou/ral 
's 00 I^U''incss OrgaiiisaiKvn A Maiugcment 
FinaiiLial MaiKormcnl A ('•uporati 
7 00 Emance Jt N AliUja A S Afahuidru 
InterprrsoTKii Rrl.iiioiis in Hospitals 
7 00 N Kapoor 

I arm Onlir A / S 7i to ir 

g i),j I on iiMi t ',ipii,d A I *f M S»ivKiiig 
?5 iVi Dr. kJ Sill 

' "1 A ll.indhnol I'C I vporl M inaucinn 1 
- . .1 J S (tuirat 

'ij’,*! \l SCIlNd A IMI R.NAn 

7 [(J ,-- I A>V 

b 00 >\>'i id ('oriMil.iiiiii Its I/.I ' 

MK) Fssen'i.iM 11 '•'loit.ii I .i v 

6 (Nl Ad.iiii\.ed Iiiiii I-. I I III,-1111.t ^ (1 ^ 

N ORDI-RS WORIH Rs SO - VNO ABO\| 


VARMA BROTHERS 

21. SHANKAR MARKFl. CONNAUGHT CIRCUS 
P.B NO 531. New OtLHI 110 001 
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DMH i\ n e.l;k u n ivi li NT 

PROBATIONARY OFFICERS/CLERKS 


“Specialised Training in NSB 
Regular/Correspcmdence Courses has ^rqv^d 
to be the guaranteed Wc^ to secure jobs ip' 
Banks as Probatkmary Officers & Clerks.” 

-says Editor, Citylight, Bombay. 


If you have applied to State Bank of India ^ 
or any Nationalised Bank Boards, for 
. ^ PO or Clerical Post,join our Course now. 


Banking: ^ 

A Rewarding Career: 


Nearlv 2 'jOO ProhatKtnarv O/ficrrsC^ 
are recruited eucri/ your by Banks 
in India This auenur of direct recruitment 
as Probatianurw Of/u its in Banks offers a 
promising career for bright young people 
today Any graduate between 21 and 
28 years can apply for the post The lob 
brings a handsome remuneration, security 
ol service and ;ob sr^fis/acbon The ifork 
content is rich and vi^ried And, after 
natiunahsation. Bank jobs have acquired a 
new status bn uuse now the Banks have 
taken upon /be.riseii'cs the responsibility 
ot building a better India Today, in out 
Banks, fwr social ideals find a dynamic 
expression Bank tabs, therefore, offer the 
opportunity and t hu/lenge to partu ipate 
in :ihaping our ioiin/ry\ futurr 


I Our Professional 
Commitment if 

We coat h in regular \ 

Courses at Bombay, Pune ) 

and by POSlAl TUIVON ^ 

throughout India for ob/ecfiue^^""" 
and descriptive test of PO exams ' 

All suh/eits — 1) Reasoning (ueibal, logical, 
non uerhal) (?) Quantitative Aptitude 

(3) General Awareness andCurrenf Affairs 

(4) English Comprehension (5) Essays, 
letters, piccis writing - are covered exbaus- 
tively Specialised practice books on all 
subjects covering thousands of typical 
and actual exam questions are supplied 

111 the Course These books are not sold 
to ofbers 


Selection on ili 
Merit through 
Competitive Exams: ijjra 

tV/i« MI uiK aiu ii s of r 

Proba/iorior V ( lerks 

nrc di\ /(ift'ii 11/ in/iviu/s of ahnost eyery 
three months hi one Bank or another, 
large number^ apply for them and appear 
lor the intensely competitive exams based 
on general intelliqer\ e tests Standards of 
evaluation are most nqorous and impartial 
The pen vntaqe of sui i ess is lower than 
0 5 % In 1970 HO, from a total of 5‘j lakh 
applicants, 2300 were taken as POs bi- 
Banks Therefore, every smqle additional 
mark that you can get becomes important 
A proven/y competent, specialised and 
thorough coaching becomes o MUST 


NSB’s Faith in 
Specialisation: j *6^-^ 

^SCHOOL OF 

Nii/ion 1 / S< hool of Banking, BMKIHG 
head quartered at Bombay, ^ ^ 

was founded a few years ago _ I 

as a specialised institute providing ZTZrJ 
coac^ng mainly for BANK RECRUITMENT 
exurns —of POs and Clerks 
It has grown rapidly and is now the largest 
pre recruitment training institute in the 
country Our continuous research and 
on going study afahiecliue and descriptive 
exam question papers have contributed 
to our present pre eminence as the central 
institute for BANK RECRUITMENT 
training 


Success Earned is wwm 
Success Deserved: 

We are just a few years old B Wi(B 
buf our successes have been 
nofed across the country Help and 
recognition have come from everywhere 
and in abundance Te t after test, 
hundreds of our studerits join the 20 
Nationalised Banks, State Bank, Associate 
Banks.Lie, GIC, ECGC as Offuers 
7 be subjects, syllabus, pattern 0 } tests 
and « xamminy body (NIBM) for all these 
exams are same Naturally we have a 
single common BRPO course for all 
these exams Success oriented students 
join the Course well in aduance or the 
test and benefit by our step-by step and 
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open round the year but the number 
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The entire course materials and books 
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The leather landscape 

A comprehensive surwy of the proce.sse.s that 

transfoim a mere haiiy hide into leather 

by K. A. Ramasamy, K. S. Jayaraman and S. Ramanathan 

Also: Test-tube leather 

Puromerics are the an.swer to mankind’s 

insatiable demand for leathei. 
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At 8 he wanted 
to be a doctor. 


At lOhe just wants to be able...tosee. 


It was a life lull ol ambition and 
hope Ol secret dieams and a smiling 
future lill one day tragedy struck In 
the form ot a disease that shattered 
his life 

Cione were the days of pranks and 
play. Smiles and laughter Hopes and 
aspirations Replaced by a hopeless 
lerrtu lew can undeistand The terror 
of becoming blind 

But \oiing Aia\\ case is not without 
hope Ills bliridiiess is not without cure 

1 here is a lerncch thal\ simple, 
doesn't cost anything and is eftcetive 

Only It needs \oii 

A siinpU cornea transplant can restoie 
his sight 1 he useless Lvunea. replaced 
b\ a lie.illhN one And (he health\ cMie 
could he \oiii^ 

r\e iciiiov.il leases m» scar or 
disliguienienl and once sou'se 
pledged to donate, you'll li\e with the 
gratilying emotion that >oui eyes will 
li\e nuuh longer than you And that 
some blind person will sec through 
them. 


If your heart goes out to the blind 
during your litetime, let yc r eyes go 
out to them after death It's the rnos: 
precious gift you can give them 

To know more about eye donation, 
and what kinds of blindness can be 
cured, send us the coupon !i)i a 
detailed brochure 

Do It today Remember, miracles can't 
cure the blind You '“an 


I would like to know more iboul eye donation 
cornea eraftinfs Send me a detailed brochure 

(Kliiili^ nil in Mtitk Icilfrx) 


N.imc Mi Ms____ 

Address__ __ 

_ _ _ ____ 

l*insodc . ___. 

Apt__ 
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^IM^S l YL Rl SI ARCH lOl'NIMliON 

f RahJdiii Slirih Mdrg New Delhi I Ifl 002 


Sight. A gift only you can give. 
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JU^ffEIVEVE/tMa Jmpnsshfe sckatlRc pniect i5 hunched or com- 
WWpkted sceptics hwe questioned Its relevance to our soehl 
eontUtkms. Be It the Rahtut or msAT-iB roaring into the sides, an 
atomic reactor reaching critIcaUty or a particle accelerator speeding 
dtarged Patricks, doubts have been expressed about the country 
affording audi an extrwa^na. '*Where Is tiu wisdom ”, It Is asked, ”ln 
frritmrlng awqy valuride resources, financhl as well as material, on ‘big’ 
acknee”. “Wbat we need“t the critics go on to exhort, “Is greater 
attention to problems of Immedkte nafniv such as, sqy, desigolag a 
more effkknt bullodc-cart or a stove whkh consumes kss fuel”. The 
support to these viewpoints Is usually sought la the argument that ours 
k a devehqdng nation which cannot bear the burden of expensh/e 
research unUkefy to provide any taimible benefit in the foreseeabk 
hitore. In a recent interview to a Bombay newspaper. Prof. Hamllten 
Srnlth, the Nobel prixe-winning geneticist also forwarded the same 
arfirnwnt, albeit hesitatingly, when asked whether India should embark 
upon an ambitious programme of research in genetic engineering. 

The presumption is thus gaining ground that this debate between 
'Mg' science mid 'small' seknee Is peculiar to a developing nation. A 
KfMMf In a recent issue of Nature should dispel this notloa. The 
Assoekrion of British Seknee Writers bad orgaidsed a public meeting to 
discuss tile question "Should Britain invest l^vily in ‘big’ seknee?” 
Britain by no yardstick can be considered as a developing country. And 
yet there was heated discussion regarding the relative merits of ‘big* and 
‘small’ seknee. 

The proponents of‘big’ science were mainly the astrophysicists and 
nuckar physicists. Prof. Pounds, the astrophysicist, pointed out that 
even tbouifii the gigantic fdiysics projects entail large capital expendi¬ 
ture, th^ provide value for money by enhancing oar understanding of 
terrestrirJ climate as well as the extent of natural resources. Further, 
according to him, "astronomy has the capacity to excite and even Inspire 
members of the general public with new concepts like black holes and 
gravltatimial knses ". 

In contrast, those who refuse to keep their heads in the clouds and 
want to pknt their feet firmly on the ground like Dr. Colin Humphries, a 
metallurgist, bluntly state that ‘‘while truth and knowledite are valuabk 
products of ‘big’ sckace, little science produces Jobs and wealth as 
well”. 

Although the basic question which prompted the debate was left 
unresolved, it became abundantly dear that the participants in the 
meeting were chiefly seen to be protecting the interests that they 
represented. There was no objective evaluation from the vantage point of 
a broader perspective. It Is often forgotten that there is no cut and dried 
distinction between ‘big’ and ‘small’ seknee. What is termed as ‘big’ 
seknee can many a time have a beneficial fallout. On the other hand, 
even ‘small’ science these days does require increasingly sophisticated 
Instrumentation which could reach the level of a national undertaking. 
Tirru has come, therefore, to stop these divisive arguments and put up a 
united Boat to oppose the anti-seknee league which alorte benefits from 
these futtie debates. 
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Parapsychology-fact or fraud? 


Dr. KaiU'kar's c^rticle (Dctf>brr Ki.st) is 
extremely biased and (ine-sideJ and lull of 
false and misleading sialemenis about par¬ 
ticular matteis of expeiiinental l.ii'l In the 
intere.st ot ohiectivitv and tan ness, this 
article requires a teioindei which would 
provide a rebuttal and ptestnl the case for 
parapsychologv in a more obiective 
manner. 

/IrrM/m /mfituh ftit K ItAMAKItlSHNA KAt) 

htihn’H 

r n fUn 

iMtrhi/m ' /SI 

Congratulations to I’lof Suresh Kanekar 
for a hold and foithiight article on paia- 
psyehology 

However. I do not understand whv he has 
avoided lo meniion the woild famous duo, 
Peter tierbos and Chroiset. who aie (.re¬ 
dded with ama/mg p.svchiL teats like 
telling the past and (nesent ot an arlkle hy 
simply toiiihing it 

h’ifililtUt iilUih H KATNAKAK 

i t'tU IMH 

I Longiatulate \ou tor a logical bold and 
intormative articb* It should be an eve 
opener lor those eduiated cowards who 
believe in mirai les which t(»tallv go against 
the established and known concepts ot 
science Such articles should be published 
in dailv newspapeis too so ttiat more people 
can he educated Superstitions have led the 
nia.sses to believe in things which do not 
exist. The reulls have been 
in.ictivitv and sin render, only to tint her 
aggi.ivate human sutlering^ 

During mv visit to .1 Jo/eii and odd 
i'Airopean and Miuan ciMinines nuliiding 
the r.SSh I tmind that po\eit\ and suiter- 
iiig are diieillv pi(*porlional lo the preva 
lent lailh in superstitinns and imaL'in.ilions 
it IS fine that nnuh is h(\ond the leach ol 
t(idav s scieiue but if d(»es rud meiin that we 
should hlindiv IoIIdw the guess work (d our 


ancestors It would be nice h) know the 
authors scientific ideas about the concept 
of god and the benefits and harm of having 
taith in him 

Si 'IfiiJ Si h‘Hh/u 1 UtU i f S K KAPOOR 

li'utriit i'nfr .( /'a/**' ftionifj/i hislituh 

( n / HU 

Ik’htu l>ri _•/' 

Being faniiliar with parapsychology and 
the method hy which it is studied, I find the 
writer’s attempts at examining "as objec 
tively as po.ssihle the claims and achieve¬ 
ments of parapsychology from the begin¬ 
ning to the present times’ rather dis¬ 
appointing The article seems to be. at its 
best, a polemical exercise aimed at dis 
couragmg genuine c'nquir\' into phenome 
nil that challenge the well-established world 
view of contemporary science While 
appiopriatelv bringing to light and doubt 
ing the validity of some ot the early studies, 
attempts at estimating the status ol the field 
today are biased, and the progress made in 
its research-methodobjgy grossly underesti¬ 
mated Also one wonders whether the 
article is aimed at attacking the eusting 
evidence (as it should have), or the scientist 
has taken upon himsell the responsibility of 
trying to explain the so-called anomalies 
through the logic ot enqiiirv. science Such 
pseiidocriticism carries with it seleitive 
mention oi weak evidence and failure to 
acknow’ledge the best evidence and detence 

With regard to the criticism on the 
emploved resean h-meitiod*'logv whuh the 
writei vehemently sl.ites as being the veiT 
ground l(»i the reiection ot the phenomena, 
the tact l^ that the best uilics of para 
pswholngkal research are parapswholog- 
r.l‘. Ihemseb’es thev are lerlainlv as well 
1 1 . lined anil as vmII in tunned on matters uf 
siii-nlitk detail as an\ •»lhci suenlisls One 
has tu Hist go tliioLigh (he paiapsvchologk 
al luLiinais to see tor (ineselt tlie dispassion 



ate assessments of each others’ works in 
order to appreciate their acumen for ele¬ 
gance in experimental design 

Also, having been a Visiting f'ellow at Dr 
J B Rhine’s Institute for Parasychology. 
and having wiinessed llie continuous flow 
of Lommunication (both documented and 
undocumented) between psi researchers 
and outside scientists and critics, a stage 
has come about an agreement between 
parapsychologists and their ciilics on issues 
related lo rnelhodologv and statistics What 
continues (and will continue) to be tire 
criterion tor dismissing psi is its a pri(>ri 
impossibility or manliest implausihility 
rules', and until <1 revolutioiiarv shill in 
conlempoiarv scientific thought takes 
place, there will continue lo he such 
rhetorical reieition uf the evidence 

Besides other misrepresentations ot the 
field. It was disturbing lo find Ifie writer 
breezing through with indiserirnmating 
and tenuous statements about para 
psychologists and their work He ussirt.s 
that “a// (my emphasis) the alleged para 
psychological events in or outside I tie 
lahoialorv ar.- consequences of either erior 
or Ir.iud” 

The article delinitelv calls lor claiifica- 
lion hut until ttien it should he adequate lo 
request the leadei lo keep an open mind 
.ind liv and get the (»lher side ot the story 

I (.ff'i/i/i'fimi /'I'/r'ci ( SlIANTI KRISHNA 


A Rose to vitalise today's Indian 
Science 

In "(Ion l.nniurilii (November Ptb.D, 
you have lelevaiitiv slated Nii t.igdish 
C'handr.'i Bose helped bung about a renaiss 
atice ol inuIUktual pursuit in our country 
He thus 1 ( kindled natinnal pride at a time 
Vvlien it was sadiv sagging " 

The test ta ariv scicntilic research prorecl 
Ls its relevance to improving llie life styles 
i>t the people Thus anv reseatch program 
me aimed at contributing lo the socio 
economic translormatiiMi ot a traditionalist 
socielv ii hotti neces.s.irv iricl desirable 
Regarding the proposal lor a science iity 


in India at ttie cost ol Rs 12'S crores. one 
should not presume that such a ‘centralised 
research facility would put .1 halt to scat 
tered and individual ctlorls in re.se.uch 
Innovative ideas cmeige frimi collective a^ 
well as individual elloits 

r fnnn V K WW'AR DKVINI »RA SING! I 

A 

In his aitkie I (' Bose the great synth¬ 
esis (November DIS.t) Pud M M Moghe 
writes Krom ISS") to Dll'" he was Profis- 
s(»r ol l*h\Mcs in Calcutta I'niversitv and 
Lmentus Prolcssoi lor the next two vear.s' 
Ip ‘Jill D Bose in his article The struggle 
l(. establish scienci* wiites 'But in 19ll>. 


when Bose icdireJ as Bmenliis Piote.s.soi 
from Presideniv College ' (p 22) 

'llu'se two drill les contuse me wlielher 
.Sn J.igdish Chandra Bose was a Pridessnr ol 
JMivsks (later lOineritus Professor) al Pres 
idenev College. Calcutta or al the I'niversitv 
ol Calcutta According to Achar\’d Jagdish 
Chandra, A Bengali life-sketch ofJ. C Bose, 
written hy Chandra Kantii l)atta.saraswali 
(Dev Sahitv Kutir. ('alcutta. August I97JB. 
Sir I C Bose was a Professor (lirsllv an 
Assistant ProtesMir) of Physics at the Pres¬ 
idency College Calcutta. When in HHd. hi.s 
term ot professorship al the Pre.sidency 
College ended, it was extended for two years 
more. And m 19 J 5, when this 
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CttnCdgy overridet safety <^sda 


Doubts are expressed from time to time 
that international companies try out their 
new products on the peoples of the Third 
World. We would like to inform you about 
an example which has recently come to 
our notice. 

]() February. 1983 i.ssue of New Scien¬ 
tist carried an article about Ciba-Geifty 
Company spraying its pesticide. Ctalecron, 
on six Egyptian children in 1976. A letter 
by D R. Goldsmith of USA. referring to 
tins article, was published iii New Scien¬ 
tist dated 10 March, 198^1. Ciba-Geigy 
Company of Switzerland stated its posi- 
tio*^ in New Scientist of 5 Mav, 1983. 

According to Dr. Goldsmith, the child¬ 
ren of Maharashtra share with the Egyp¬ 
tian teenagers the distinction of being 
sprayed with the Ciba-Geigy pesticides. Me 
has referred to the paper published in 
1979 in the scientific journal, Ecotoxicol- 
ogy and Environmental Safety (Voi. 3. p. 
325) by Dr. R. K. Rao and his colleagues, 
department of Toxicology and Pathology. 
Ciba-Geigy, Bombay and has described 
two trials of the pesticide. Nuvocr()n-40. 
Trial one consisted of a single aerial 
dousing on five female and twelve male 
volunteers (?). ages ranging from 13 to 57 
years. Trial two consisted ot crop-dusting 
21 males aged 22 to 50 years for three 
consecutive days (only 12 men lemained 
to be sprayed for all three days!). Males 
were sprayed shirtless and females wore 
light garment>. all remained in the cotton 
field for one hour after each dousing. 
Dr. Goldsmith has referred to the trials as 
'pseudo-research' and has raised ethical 
issues involved, like the lack of ‘informed 
consent', the exploitation of children as 
‘volunteers' and the unconscionable use of 
humans as test animals 


The letter from Ciba-Geigy Company 
states that the trials mentioned above 
were conducted under the supervision of 
Government officials in June and October 
1975 to obtain the necessary clearance 
under the Insecticides Act ot 1968. The 
Company maintains that teenagers are 
regular members of the rural work-force 
and that the purpose ot the trials was to 
prove that this pesticide does not consti¬ 
tute a hazard to the rural population. 

Based on the Company reports. New 
Scientist (10 February. 1983) has concluded 
that the levels ot the pesticides in the farm 
workers in Egypt and Utin America 
regularly exceed the maximum permitted 
for the Company’s own emplovees. The 
formei constantly sutfei from dizzine.s.s, 
headaches and diarrhoea. In such cir¬ 
cumstances, the Company has chosen to 
Ignore the question rai.sed hy Goldsmith 
about the ’informed consent’—whether 
the con.scnt of the .so-called volunteers was 
obtained after informing them about all 
the possible ill-effects of the exposure. 

This pseudo-research carried out in 
1975 calls into question the degree ot the 
sense of social ie.spon.sihiiity and scientific 
ethics with which .some scientists func¬ 
tion in India Madhyamumhai Marathi 
Vidnyan Sangh demands an explanation 
about this episode horn the concerned 
Covernmeift ufticials. patticularly from 
the Central Insecticides Board, Faiidabad 
as cited hv the Companv 

DR. MANOHAR BHIDE, 
GAJANAN SUANBMAG 

Aludhyamumhui | SeCrCtariCS 

1 idtUftm 
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Iluidu C 
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leim of extension also ended, he was made 
Emeritus Professor of the college tor life 
with full salary' Most probablv J C Bose 
was the first Indian Emeritus Piolessoi 
I congratulate you and also the auihots 
on publishing the aitides on Bose on the 
occasion of his 125th anmversaiv 

•'f y l i / ^tirniiKf fit-ill,I SAUITA DHAR 

t it \inni/itij / if„i nn.M.i 
^/S' \.r tuinnu 

/itIII fiiiui-hiu r>s I {All 
ftlst iHhiffHIhl 

In aid of AIDS 

The article on aius (Odoher 1983) was 
admirable In our vast country with innum¬ 
erable gay men. il is riecessarv that people 
heiome aware of whal they are indulging m 
and whal the outcome can really be The 
word gay (or homosexual) mav sound 
catchy and alluiing hut the lealily is 
diffeienl Aius is nke a plague spreading 
amiss continents and is being relerred to as 
the “Plague of the 8()s" 

Jn India, because ot the existing law’s, 
gays are not willing to leveal then identity 
or get the necessary medical help (as in 
AIDS) llnyvever. those seeking help oi 
inlormalion regarding this disease, could 
get in touch with me There aie vaiious 
organisations and people abroad willing to 
help gay men in India, .so that they Jo not 
tall prev to the deadly epidemic - aids 

r cl /Am wi ■ jVSHFSH 

Creativity in Indian physics 

It IS difficult to imagine how creativitv 
appearing in spurts, a non casual phenome 
\ non with origins m rion-conscious levels of 
human perception including the iriliiitive 
level- can be encouraged in universities 
where people yvith ’consistently, good 
academic record" are preferred, trained lor 
long in memorisation (ol subject matter 
taught in clas'^rooms) and reproduction (ot 
the same subiecl maltei in examinations) 
processes Tlie i t.i norm*, regrettably 
endorse this conformistic approach, and 
Prol Saral A'lewpomts, June 1983) must 
have gone through these annoying de¬ 
mands himself in various selection commit 
tees as a member'expert. 

It IS a correct observation that the 
talented do not stay on in universities hut 
drift towards research institutions where 
monetary support for investigations comes 
forth rather liberally. If fundamental re- 
search is to be encouraged and sustained in 
an atmosphere of creativity, it is imperative 
that the present anacnronistic educational 


system he reslioctured without any furlhei 
vacillation so as to retain the talented in 
higher educational institutions and in a 
larger coniext. in the tmintiv ilsilf After 
all, it will he unlair to make demands oi 
cri*alivilv Irom persons who havi been 
cunluimed thoioiighly right In Mil nappy 
.slage. 

Pro! S.iral builds up in an .irtuulate 
manner the storv of the evolution ol Iht 
‘Indian snence m.magei ’ who lavs out 
reso’jrce planning ami monetary control ol 
research projects, olten w'ltfi lopsided 
priorities owing to a ietek of i lear perception 
on the imhvidual s part This new breed is 
in fact a direct product ol the absence of 
sustained acadeniw creative pursuits which 
at one stage the manager turned sc ientist 
yearned tor hut could not fulfil because ol 
various (inner) intellectual limitations and 
(outer) powcr/control attractions True, 
physics iLself. as a result ot its desertion by 
good potential phy.sicisl.s, became the big¬ 


gest tasu.iIlN It IS indu'd sail that with most 
of the p^olnl^lng phv'Uists liirning mana¬ 
gers of pi.inning .md cvaliialion piogram- 
nies. and wilh the auepled mirm ol in built 
mutu.ii haik palling m» woiihwh k siiu- 
Imv i.'M he doiu hv aiiv uiinpilcnl dgeiuv 
indiciduaN ul «i’:v ol llu p^esllg,lou^ modern 
leseauli i nitiprises at (hr natioii.il level 
where l.iigi ihuiik^ nl iiioiiev ,iie being 
reloi.ileJ in the n.inu ol high-'.oiinding 
developriii nt.il I'logiainme'' 

'llie lei Dinmeiul.ilion ol l*ioi Sai.it lot 
enioiiiagemenl ol a le'V wild giowlh ven- 
liirts hv iiealive individuals inusl he wel- 
loined and followed up. .md il rniist riol be 
Ignored even it the leseariher in a univeisi- 
ty reseaich inshtulion belongs to ihe much 
ncgleited lowemiosi ‘lasle" sfafus wise m 
the hierarchy ol positions 

K V .St IIBARAM 

ftiiSi'fnitn/ lit PhifMi . 

V ft I 

fitihfak UilHUt ftu^^una 
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Probe breaks kidnQr stones 

A n ultrasonic pmbe has come to 
the rescue of kidney stone patients 
They need not underjso the conventional 
sur|S!ery any more to get rid of their 
ailment. 

The new, less invasive surgical proce- 
dinc involves puncturing a hole into the 
kidney through outer skin and sendmg 
m the probe. The probe helps to disinte¬ 
grate the stone in the kidney. Cobind 
Ldungani. an Indian urologist attached 
to the New York Hospital, in the US. Sdvs 
the stones are brriken by the sound 
waves ol the probe 
Only a .seven pet cent risk is involved 
in the new technique which was demon- 
.straled at a convention ol Indian urniog- 
i.sts m .'Vladras recently. The risk is 
because of the deliCttte nature of kidneys 
whicfi have a Urge quantity of blood 
around them 

Heavy atoms stripped 

U ranium, wlnth plays a major role 
in nuclear energy programmes, is 
also helping scientists verify the predic¬ 
tions ol quantum elcctrodvnamics Ura¬ 
nium ion with a .single electron i.s 
suiighf bv phvsKists lo extend measiire- 
nients of shills in the electron energy 
levels known as Lamh shifts Large 
enhancements ol Lamb shifts in these 
hydrogen like hut heavier ions are 
expected lo Ihiow light on the predic- 
lnjfis of the quantum theory 

Uoi the lirst lime, it li is been possible 
to obtain a luavy 4ttoni stripped ol 
almost all its elii trun.s To knock <ifl the 
tn.sl eleciron tiom ihe atom is easier 
than the setond, and to remove the 
entire eleclion cloud is a formidahle task 
indeed In tact, lor uianium this re¬ 
quited a ^.onibinaliun I'f two poweiful 
ih it Ict.iloi ^ 

Ik’vUt, a combination ul two acteler- 
titois in lit'ikclev, U.iliforniii in the US. 
wa'' ll^cd by a team id seienti.sls lo 
at^i'UiaU iilaMiiim in two Nfages 
In Ihe nrst stage eaih uiamum ion 
rea^.hLd LJ per tent of the speed ol light 
and lost (iS ol ils electrons d^ it passed 
through a medium tontaining oil 
\apjjui In the second stage, the ion 
picked up nearly 87 per tent of the 
veloeitv ol light and was made In pa.ss 
tiuough a thin sheet of copper, Lighty- 
five :’or tent of the mns emerging from 
secoi.J stage I’ere found he bare and l.^s 
pti lint ear led a single dectron each. 


Wanted: Cigarettes with more 
nicotine 

CANCKR specialist. Professor Ferdi¬ 
nand Schmidt, writing in a recent 
issue of Medical Tribune suggests that 
the nicotine content of cigarettes should 
he increased. 

ITe points out that since 19r)0, .sales 
figures for cigarettes have been climbing 
steeply m industriali.sed nations, despite 
the fact, that the number of smokers has 
been dropping This means that fewer 
people are smoking more, in spite of the 
widely publicised link between smoking 
and cancer Medical statistics also show 
a rise in the incidence of cancer, regard¬ 
less of the lower tar and nicotine content 
of newer cigarette brands. 

Schmidt compared the data of 792 
hronchuil earner patients (97.3 per cent 
of them smokers) and found that filters 
were useless as a protection against 


ulcers; stomach, intestinal and oral 
cancer and other types of tumours. 
Considering these facts, he concludes 
that .smokers depend on a certain intake 
of nicotine. When they don't get it due 
lo filters or light tobaccos they compen¬ 
sate by smoking more and inhaling 
deeply Schmidt, therefore, recom¬ 
mends a reduction in tiie tar, carbon- 
monoxide and other poisonous consti¬ 
tuents of cigarettes, but nut nicotine. He 
also .suggests the use of natural tobaccos 
in cigarettes because toasted brands 
need to be inhaled deeply. 




Monkey business in space? 

I F YOU think the astronauts want to 
entertain yriu from space by present¬ 
ing a pantomime show of monkey “hear 
nci evil, see no evil, .speak no evil" you 
arc mistaken It is an innovative way 
adopted by the crew members ot the 
Spacclab 1 to protest against their 
banishment from the live television 
di.sciis.sion with President Reagan oi the 
US and Chancellor Helmut Kohl of West 
Germany. 

The shuttle management had earlier 
leieived a detailed script of the discus¬ 
sion from the White House which was 
tran.smitted to Columbia lo en.sure the 
crew would know what to say and when 
to say it According to the White House 


edict, only payload specialists Byron 
Lichtenberg, Ulf Merhorld and mis.sion 
commander John Young were to appeal 
in the Spacclab on camera with the 
President I'his provoked the banished 
crew members Owen Garriott, Robert 
Parker and USAF Major Brewster Shaw 
to stage the monkey .scene during a 
television test before the discussion 
started. 

The appeal of the shuttle managers to 
reconsider the language of the script 
(which some Europeans thought 
weighted toward West Germany’s contri¬ 
bution to Spacclab at the expense of the 
other European Space Agency States) 
and the decision to exclude half the crew 
members was rejected. 
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Small is efficient 
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The body made of plastic 


W ATER and Sanitation Decade of the 
United Nations will not be able to 
achieve desired results in the Third 
World unless equal importance is given 
to social factors and hygienic habits of 
people, reports Debora MacKenzie in 
New Scientist (100, 1388, p. 794). 

According to the report, there is a lot 
of mismanagement of various projects at 
higher levels which “can actually in< 
crease the incidence of waterborne dis¬ 
eases". One of the examples of misman¬ 
agement cited 1 $ of the authorisation by 
the Indian government to build inflow 
pipes months before the accompanying 
drains were ready in Calcutta. The 
resulting puddles became easy sources 
for the spread of malaria and diarrhoea. 
Und>*r another project hundreds of lat¬ 
rines paved with concrete were installed. 
But overcrowding, lack of drainage and 
inadequate training for the use of lat- 


The all plastic car 

lERO 2M4 IS the 1984 sports car 
from General Motors. 2m stands for 
2 passengers, mid engine and 4 cylin¬ 
ders. Next year it is going to be 2Mh 
The new car is described as the most 
innovative automobile ever mass pro¬ 
duced in the US. built by the most 
advanced production processes in the 
world. Wliat makes it unique is its 
completely rust proof body, which is 
made of plastic The body is quite tough 
too and is expected to last three times as 
long as Its steel counterpart. It is al.so 
easily replaceable. 

The Piero's horizontal panel hood, 
head lamp doors and roof are all made of 
stiff sheet moulded compound (SMO. 
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rines helped to promote the disease. 

One of the reasons for this, the report 
.says, is that the UN officials do not work 
at the field level but deal only with 
ministrie.s or centralised research sta¬ 
tions. Working at the level of villages 
may help to achieve results more effi¬ 
ciently. 

The situation in Bangladesh is none 
the better where two per cent of children 
below the age of five die of waterborne 
diseases. In its eiforts to reach the 


targets of the decade. Bangiade.sh dug 
more than 500.000 wells and 200,000 
latrines. However, the haste with which 
these projects were carried out has 
caused several problems because the 
engineers did not sufficiently provide for 
their subsequent maintenance. One of 
the lessons learnt, therefore, is to imple¬ 
ment small-scale projects making use of 
cheap technology. This also helps in 
better maintenance of the projects by 
the beneficiaries themselves. 


is totally rust proof 

whereas its more vulnerable vertical 
body parts like front fendeis. doors, are 
made of flexible, scratch and dent resis¬ 
tant, reaction injected moulded (RIM) 
urethane. 

How did (he engineers come to build 
the tar in the tirst place^ The original 
proposal was to build an inexpensive 
two-seat economy car. According to the 
original design the cai began as a 
tront-engine. fiont dnve model But this 
made its nose too lung and high So the 
engine was shoved behind the .seal.s. This 
mid-tiigine configuration gave a muct'i 
higher pcttoimaiue and handling po.s.si- 
hilities The idea of a mid-engine race 
car led the engineers to build a racer- 
like .structural space frame which com¬ 
pleted the project 


Nothing is impossible for laser 

R esearchers have demon.strated 
(hat the intense beam of light from a 
stationary laser can be channelled 
through a needle thin glass fibre to an 
industrial rnb(»t more than 29 metres 
.iwav. enabling the machine to cut, weld, 
and drill 

Initial te.sts have demonstrated an 
ability to cut intiicale patterns in steel, 
titanium, and nickel based all<jvs The 
fibre optic cable can tarrv in excess ot 
19.900 Walls ttf peak power (40tl Walls 
average) from the lasei to the workpiece 
A single laser could be ' led" to several 
robots working .simultaneously at sepa¬ 
rate place.s. 

At present, fibre uptics (IliMhle .ahles 
nl gl.'iss (II quart/) are utilised priinarilv 
in (.fimrnunicalions to Iraii.srnit audio, 
video, diid Jala signals Tliev are also 
usid in opt leal devices emplovvd to 
inspetl inaccessible locations However, 
attempts to liansmi! high power la.ser 
light through fibre optk cahle.s have 
met with only limited success hvLause 
their protective covering u.scd tf) get 
damaged 

Thi.s obstacle has now' been overcome 
by devi.sing a piopiietair\' input cou¬ 
pler"- an optical assemhlv that down- 
.sizrs" the one-quarter-cm-diameter la.s 
er beam to the 1,090 micron (one nne- 
ron IS one millionth ol a metre) size of 
the glas.s fibre within the cable At the 
output end of the cable, a len.s assembly 
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focuses the laser energy onto a tiny spot 
on the workpiece. 

Although, high intensity Uhsers are 
widely used in industry, they must rely 
on “hard optics"--lenses, prisms, and 
mirrors—to “steer" and deliver their 
energy to the workpiece. Although some 
syi^tems featuie a remotely located laser 
serving more than one place, they re¬ 
quire great care to set up and maintain. 
Since beam movement is limited to one 
or two axes, the workpiece frequently 
must he rotated This makes it difficult 
to work on parts with complex shapes. 
By contrast, the new experimental sys¬ 
tem enables a laser beam to he diiecled 
at a workpiece from any direction and 
angle (he robot arm can acliieve. 

Moral dilemma 

T O BK right or to ho ethical - that's 
the (lueslion But according to 
French President Francis Mitterand 
elhus need not iCLt ive lirs! piionlx •-avs 
a rep<»rl in Wititrc (306, b.iO) 

Addressing a committee established to 
look into the ethics of human ex¬ 
perimentation as well as life sciences 
re.search in general, the President said 
"Clive yourself lime, time to reflect, lime 
to discuss and time to appraise the 
moral issues". Apparently, the dictum is 
to be right in the long run rather than 
he wrong in a haste 
The coinmiltee lias a total of !i(> 
members ot which J5 are non-technical 
peisonnel It is expected to meet at least 
ome in every two m<mllis The C(»mmit- 
tee will be assisted by a techniCiil 
subcommittee which includes scientists 
from disuplines other than life sciences 
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Spacebb I inshk Colambia 


Zero G factories 

IfE near zero gravity in space is 
attracting—not matter but material 
.scientists. This is evident from the 
number of experiments planned aboard 
spacclab I m material science, as com¬ 
pared to those in other fields Half of the 
experiments on spacelab 1 concern the 
behaviour of materials and their fabrica* 
tion in space. 

'I he g)(ivitatir>nal attraction in space is 
only a millionth of its value here on 
ground. Zero gravity means things do 
not tall but remain suspended wherever 
they are. If this were the case on earth, 
we would not he able to build houses, 
•md move about, as we do now Our life 
stvie would be ladicaliy dilfeient 
Whv do material sc lentists find giavitv 
a nuisance-' On the ground, three factois 
influence maleiial pn»ce.ssing - temper 
ature. pre.ssure and gravity Only the 
Iasi cannot be conlndled. though it 
complicates considerably material pro¬ 
cessing by inJuung coiivettion. 
sedimentation elc Tlie insights we gel 
from woikirig in a gravity free en¬ 
vironment. promise to revolutionise 
the pnici'ssing lechnf»If)gv on earth And 
it may also IlmJ to laige scale production 
in space in orbiting faLtories 
The European .Science .Agency’s experi- 
nient\ on sp.Kelah in mater lal studies 
are deserrhed as "lolallv dillerenl and 
more sophi>liLa(ed in main respects 
than the earlier ones 

•Manv ol these experiments aim at 
gamine a heltei KnnwIi'Jgf about how 


crystals grow and how this process can 
be controlled to yield perfect and pure 
crystals, not possible here when gravity 
interferes. Contamination by the contain¬ 
ers IS no longer a problem as crucible 
tree processing is possible in space. 
Attempts to grow, good and large sili¬ 
con single crystals, single crystals of 
two enzyme proteins and an organic 
metal bv various techniques form a part 
of the study A metalluigicul process 
called directional .soliditication will he 
the subject af .several studies This 
technique is u.sed on earth to make 
tuihme hiadcN. Scientists wrruld like to 
.see how a high temperature eutectic 
alloy would solidify in a thin aluminium 
oxide skin The ^kln produces a steep 
thermal gradient in the molten material, 
which imparts the .solidified state of the 
alloy improved strength Only in space 
can such a film support a den.se molten 
mass. Also, scientists, would like to study- 
tfie mechanism of '.elt diffusion m liquid 
metals in graxitv free region .is dittusion 
and gravity convection cannot be told 
apart in the laboratoiT. under noirnai 
gr.ivitv 

The space! lb mvesligation.s in lile 
Sciences will include among othei 
things response of the human body to 
weighlles.sMess, immune response ol 
crew membeis heloie. during and aflei 
flight. e\,iminalion ol the growth I'f 
suiillowei seedlings m the ahsciKe ol 
uncilv a stuck ot the ciicadiaii rlivlhn s 
of a lungus in an exIrateMesli lal eiv 
viionment 



rhi.s committee will meet moic lie- 
quently to deliheiate on topics such as 
medical trials ol drugs or other chemic¬ 
als. Use of human embryos and surro¬ 
gate mothers So that the moral aspects 
of the Cl cation ot "cirildien ot two 
mothers Ptolessoi Jean Bernard, 
chairm.in ol the committee, Calls 
them can be resolved One ot the ta.sks of 
the c'iimrnittee is to properly inform the 
media as well as the lay public about all 
the finer and ethical aspects of 
biotechnological developments 


Birth defects: What is the 
solution? 

NFVVBOKN hahv is a thing oi beau- 
tv, hut when birth delects sear the 
child, what can parents do^ Birth delects 
occur in lour out ol ever\' lOB live birth.s 
in India, according to B Bpadhyaya, 
Head ot the Department ol Paediatric 
Suiger\' at the All Indi.j Institute of 
.Medical .Sciences .New Delhi This 
nuan.s about irdi.tNMi Indian infants are 
hoin with m.ilformations and detects 
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eveiy year. The defects range from those 
serious enough to cause death within 48 
hours after birth, to those which are just 
plain embarrassing like cleft lips or 
monstrosities. They may be external 
malformations or internal defects in¬ 
volving the kidneys, heart, lungs or 
other organs. 

Birth defects can result due to genetic 
abnormalities like chromosomal aberra¬ 
tions or because of external influence on 
the developing embryo. What causes 
these abnormalities? Various factors in¬ 
cluding heieditary make up and mutage¬ 
nic agents are responsible. Mutagenic 
agents are factors which cause an altera¬ 
tion in the normal genetic or hereditary 
structure of a living being. They include 
radiation, exposure to chemicals, drugs, 
alcohol consumption, cigarette smoking 
and certain infections like German 
measle which affect the mother during 
pregnancy. The foetus is mo.st vulner¬ 
able during the first two months of 
pregnancy. 


Older mothers and parents with a 
family history of genetic abnormalities 
are more likely to have babies with 
defects. But this does not mean that the 
affliction cannot be detected and cor¬ 
rected. Jt is possible to diagnose certain 
defects before the baby i.s born by 
amniocentesis and ultra-sound .scanning 
of the uterus. In amniocentesis, fluid and 
foetal cells are withdrawn from the 
uterus of pregnant woman. These are 
then tested for abnormalities. Ultra¬ 
sound scanning uses sound wave projec¬ 
tion to test for abnormalities in the 
foetus. This method has the advantage of 
being non-invasive—it does not directly 
interfere with the foetus. For example, 
congenital obstruction in the kidneys 
can be diagnosed by this methoa and 
surgical correction can be made a few 
weeks after birth to prevent kidney 
damage. If detected early enough many 
birth defects can be treated soon after 
birth and the child could thus get a new 
lease of life. 


Earfy tnMtment for birth MbnormAiitiei could give a new leeee of life to children 



Long live the hip joint 

T he artificial hip joint that we are 
talking about is essentially a metallic 
ball which moves in a polyethylene 
socket. Since metals and alloys are 
highly prone to corrosion it is really a 
disadvantage to have them housed inside 
the body. 

Corrosion resistance, electrochemical 
behaviour, coefficient of friction, bond¬ 
ing ability are all properties of a solid, 
controlled by a thin slice of surface layer 


whose thickness is just d lew micro 
meters. Metals and ailoy.s are normallv 
protected from corrosion by a layer ol 
oxide which foinis on then surface. If 
this oxide film starts wearing off then 
corrosion starts setting in In the hip 
joint (hi.s protective layer gets damaged 
by the continuous rubbing of the bail 
against the socket Wlien this happens 
the body fluids can attack the bare metal 
and undesirable mcla! ions can get into 
the body. 

Ion implantation, a technique widely 
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Apperatus used for ion impientetion 

used in the semiconductor industry is 
proving useful in extending the life of 
certain metal and alloy surfaces. This 
technique, as the name implies, consists 
of bombarding the target with selected 
ions. In many cases, it i.s found that the 
implanfed surface ha.s belter corrosion 
ic.sistance. 

It IS recently reported that material 
scientists from the US. have been able to 
modify significantly, the surface prop¬ 
erties of the alloy used in the artificial 
hip joint through the same technique. 
They claim that the wear rate of the 
treated b 2 \]l-socket joint is 400 to 1,000 
times less than the untreated. So, the 
artificial hip joint now, will last a 
lifetime. 

star wars aren’t far off 

T he use of antimatter beams for 
shielding and extraterrestrial re¬ 
sources as platforms tor halluslic mussile 
defence were considered by the Defen¬ 
sive Technologie.s Study Team headed by 
lames C. Fletcher, former administrator 
of the National Aeronautic.s and Space 
Administration of the US 
Extra terrestrial resource.s considered 
tor U.SC arc materials from tfic moon and 
near-Earth asteroids which could be 
utilised to provide large amounts of 
mass III the Earth .s orbit for such 
purposes as shields and high inertia 
piatform>. The.se could he brought down 
to the Earth’s orbit more easily than 
launch them from the Earth's surface. 

With regard to directed energy con¬ 
cepts, especially those involving particle 
beams, the technology tfiought of was 
deposition of substantial energy at depth 
in a target. ITius the beams become 
highly lethal. It becomes almost impos¬ 
sible to shield against them. 

Another consideration was of a space- 
based particle accelerator that could 
accelerate antimatter rather than nor¬ 
mal matter. Antimatter, when it in¬ 
teracts with normal matter, the latter is 
annihilated, resulting in a complete 
conversion of matter into energy. 
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Plug into the wall and 
diarge off 

T HK next hmc your car needs fuel try 
plu^gmtS it into the side of youi 
house. Or raid the rubbish at ttie bottfmi 
of the fjarden 

Crazy'' Not at all Scientists around 
the world are constantly coining up with 
new ideas for st»urtes of fuel to replace 
Conventional oil-based petrol for (he 
family cat 

Plastic, papef, potato peelinff.s. u.sed 
tyre.s. su||dr-beet, artichokes, salad oil, 
.suntlowet. peanuts and pnlm.s.. they are 
all under consideration. 

F)ven the water of (he oceans is a 
hope 

It IS all part of the race to save the 
world’s dwindlinit oil stocks And ainoniJ 
the respectable runners m that lace is a 
car which will be able to run on natural 
gas and will be refuelled bv plugging 
into the household gas supply. The 
around-the-lown cai that uses methane 
or natural gas. will also he adaptable to 
run on etlianoi, methanol or liquid 
petroleum gas 

In Manchestei, northern ICngland. the 
university’s Institute of Scieme and 
Technology, under tfie directicm of two 
scientists. Noel McAuhffe and Roger 
Benn. is converting garden and dustbin 
rubbish, including plastic, paper, potato 
peelings and textiles into crude oil a( (he 
rate ot almost thiee hariels a day. 

If you have looked upon used tyres as 
only suitable lot playthings lor children, 
think again 

That IS fhe advice of Keii CIriltithr.. 
ni-maging directot ot (.eigh Inteiesls m 
Wolverhampton. Knglisli midlands in 
the UK 1 le is oveiseeing the world's hr.sl 
commercial-scale plant to produce oil. 
solid fuel and scrap steel- Irom u.sed 
tyres. 

Me savs "The plant will be at kill 
capacity by IW1 It aims to produce 
20.0()() tons o| high calorific oil .< A’ear 
and there's no sign (>f the Cirrrosion 
which fuels Irom alternative .sources to 
natural oil often produce' 

In Brazil, they turn out 1H million 
litres of alcohol vnough to keep an 
alcohol powered family car going for 
145 million kilometres. Brazil aims to 
have at least 20 per cent of the country’s 
vehicles running olt on alcohol by 19tf.5 
l-dst year, there were some 100.000 
alcohokpowered cars on (he road 



The car h fuelled with cominreBsed neiunl ge$. Compered to en electric car it h 
cheeper to run end hes fester eccekretion 


A whole lange of alcohols were envis¬ 
aged as a substitute, opening the way to 
the eventual use of vegetables and veget¬ 
able wasle.s- the so-called biomass in¬ 
dustries-which were a significant 
energy source in France 

The industry ministry ol France said 
that “carhorol " (France’s name for gaso- 
hul) would he produced by a technique 
using enzyme catalysts on a wide variety 
of vegetable matter Alcoholic fuels can 
be derived lif»m substances like coal, 
wood, corn and even artichokes 

The West Germans reckon they have 
done better than anyone bv taking a 
searching look at the Eiko engine wliii h 
IS now being tested in a wide variety of 
cars and could be on the Futopean 
market next veai 

The unit, which is mmi.sciile com¬ 
pared willi urdmarv. bulky oil Kirmng 
engine'^, is leckimed to be 2(f per cent 
moie economic Ihtin a diesel and Joes 
not need a cimveutional cooling system 
or radiatni The power is derived from 
the rape plant, a bright mustaul yellow 
crop from who'^e oil cattle cake i'» made. 
If cattle cake turns out to be in short 
supply then the unit can burn any other 
kind of vegetable oil. from salad to 
sunflower 

And. talking of sunfl<»wer. owners of 
lorries, vans and farm tractors could be 
lunning diesel engine vehicles on it, 
Enough oil can be obtained trom the 
.suntlowei crop of one fiehl to fuel a 
tractor ploughing ten fields of similar 
size 


John Bockris, head of hydrogen re¬ 
search at the Texas Agricultural and 
Mechanical Institute, m the US, claims 
"an important breakthrough' in the 
perennial search rot an alternative fuel 
to oil-- his team has opted for a solar- 
powered process that can extract hyd¬ 
rogen fuel economically from water 
Water is a compound of hydrogen and 
oxygen the tru k is to separate the two 
hv a prnce.ss known as “electrolysis". 

Until recently, the Texas team had 
rmly been able to produce between nm 
and five per cent <if hydrogen from a 
given am<'unt of water But a new 
method meant that 12 or l.'i per cent 
could he produced 

Bockris explains* “This could mean 
eventuallv that fivdrogen fuel, w'hich is 
now tod expensive tf pr*)duce commer¬ 
cially. could become as cheap as oil It 
could do ever\'thmg now undertaken by 
oil—like running cars, powering factor¬ 
ies. heating humes—except act as a 
lubricant. An aircraft with its lank full of 
hydrogen fuel would he able to launch a 
much greater weight thafi at present 
becau.se hydrogen itself weighs so little." 

Bockris has agreed that his "fuel from 
water" scheme is for the next genera¬ 
tion. Me points out: "But that's nut far 
off What It means is that by early next 
century the US will have conveited to 
hydrogen fuel from its present depend¬ 
ence on imported oil.” 
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Foreign currency transactions can 
often be frustrating Knotty Long 
Tedious Surely, you don t want to 
get caught m them Neither does your 
family ah you want is that your 
money should reach safely home 
money you have worked so hard to 
earn abroad 

Leave your foreign currency 
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Pest Quickly Effectively 
Totally 

After all weve decades of result 
packed banking tradition to guide us 
Every step of the way 
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The case for an integrated, "holistic" biology 


O Nh) OK the niost stiikin^ imajjes nl oui times is the picture o( 
the Kaith tjken fr<mi s|»4ue .1 wondrous patch-coloured 
globe, wreathed in an octdsional cloud Mispended precarinusly m 
the vast void. Umw to millions ol life-foims startling in their 
variety and fecundity 

^ The Gaia hypothesis enumuges us to regard the entire Karth 
as one vast organism Lewis Thomas, the best-selling author of 
"Lives' ot ti Cell' and ‘The Medusti tinj the SniiiT' has compared 
the whole Kaith to a single living cell The writings of Thomas 
point to numerous syinhioses and to that marvellous web of 
' inter relationships hv which lite is sustained. Peter Medawar (the 
Nobelist) and Jean Medawar's *‘The Lite Suence", less Ivrical but 
equally stimulating, conveys some of the excitement in the 
wide-ranging perspeiiive.s ot today's biology 
At a recent svmposium celebrating ttie 3()th anniversary* of 
WaLson and t rick's paper on the double helix, “honest Jim" 
Wat.soM wondered how any bright young mind could fail to 
plump tor molecular biology as the field of choice The deserved 
succes.s ot molecular biology, genetic engineering and recom¬ 
binant r)NA techniques hit our headlines regularly Neverthele.ss, 

• in the long run. nature would have to he more than useful 
material foi molecular insights and clever manipulations. 
Ecology and. nurre generally, environmental science is lust 
beginning to open up a marvellous awarene.ss ol the intricate 
connections and feedback loops wIikIi sustain man. plants, 
animals, microorgani.sms, soil, air. river, ocean and (he Earth's 
renewable resources In the ocean alone we are faced with one ot 
nur lea.sl known and most wondrous mvsteries. 

There might also he other brilliant voung miiid.s wiiose 
preference might incline to the inter-di.sciplinary neurosciences 
rather than to the mechanici.sm ol recombinant dna techniques 
or (really the other extreme') the hietaichic complexities ot 
ecology The whole paltein of evolution can be interpreted— and 
Teilhard de Chardin has done lust this as a thrust towards a 
noosphere and ttie dommante ot a central nervous system which, 
given modern kihnologies ol eommunualion. are drawing u.s lo 
Marshall Mil.uhan s ‘ global village" Mavbe. theiefore, Ihe field 
lo work in would be the "brain-ionsciousncss" interaction 
It IS inleicsting that Koger .Sperry (Nobel Prize. 1981) is now 
niounhng a strong attaLk on superticial reduitionist paradigms 
in biology <in suentitii grounds tie claims ttiat his split brain 
re.scaah and related investigalKuis lavoui "mcntalism" and 
downward uuisalion the upper levels ot con.selousness bringing 
about moleculai elteiLs In simple terms, it it is true that drugs 
atlect (he buiin. it is eqiialiv tiue (liai the brain lan control that 
snewed up body cheini.strv which m.ikes the drugs netes.sary 
To Mini thus till. I have tried to sugge.st where biology today is 
at: ranging widely over the wtiolc Earth- to the molemlar 
mechanisms ot all living things and through the neurosciences 
lo the problems ol consuousness. medicine and moial values 
Here is one v.ist, connected paiunama to delve into scientifically 
with the help ol the unliving irisighls ot evolution, molecular 
biophysics and hiochemisiry, ecolog\ and genetics Theie is also 
individual morphogenesis and divelopnunt and foi those 
niattumatiLallv iiu lined, statistic^ applied to developing popula 
lions 

1 am not sa\ing that the more specialised study of animals or 
plants or micmhes as sepaiale disciplines is not good or useful 
biolog\ I am saving that an integrated approach is surely at least 
as good, at least as riecessar.’ and at least as true to the iichness 
and complexity ot today s best biok'gv Against the background of 


the idea of integration, as exprcs.sed above, a “Life Science" 
cour.se has been constructed m the University ol Bombay. 

in most counirie.s. at the undergraduate level, biology is 
taught in an integrated fashion (taking m all life forms together, 
under their unifying concepts). Hence, it is a surprise that, 
except m the University of Bombay, there seems to be no serious 
attempt to introduce integrated biology or “Life Science" into 
the undergrauate courses at our Indian Universities. And this 
despite the clear recommendation, more than ten years ago. of a 
Binational Conference on the Teaching of Biology organised by 
our own University Grants Commission. 


Today biology ranges widely over the 
whole Earth, to the molecular mechan¬ 
isms of all living things, through the 
neurosciences to the problems of con¬ 
sciousness, medicine and moral values 


Actually it is possible lo teach botany or zoology or 
microbiology in such a way that integration becomes central. It 
IS refreshing lo see that .some ot the better minds in our best 
university departments are on that kind of track The universal 
appeal and succe.ss iit David Attenborough’s Life on Eitrth series 
IS an indication of how ta.scinating animal life can become when 
put into its natural context in a conneLted way. (But does such 
integration go far enough?) 

Resistance to integration? 

On the other hand, there is little doubt that any integration in 
biology is being resisted in most ot our universities Why this 
should be .so^ Among the rea.sons often cited aie. inbuilt distaste 
for change, unwillingness to make the necessary effort to update 
one's teaching, entrenched power-bl(»cs. need to protect one’s 
own field or ensure employment for one's own students, etc. 
The rea.sons, could be hurtful and. in any event, they are difficult 
to evaluate I lence I prefer to deal with the resistance on po.ssihle 
academic grounds 

Perhaps the most incisive argument against the integrated 
approach is tliat hy trx'ing to do too much it does little or 
nothing This kind ot argument can he.st be weighed on the 
relative quality ol the B.Sc students produced The criteria 
should be obiective and applied in an obieclive way bv individuals 
Ml ageneies not personally involved. At pre.senl. the Lile Science 
B.Sc's (it Bomhav University score comparatively excellent 
grades in the H E Advanced’’Examination If the “G.K E is 
rejected for being a "foreign" test, il still remains an objective, 
outside evaluation of biology in all its aspects We are told that a 
similar examination is being planned for India and can only look 
lurward confidently to accepting the challenge of that. 

It hardly helps to say "Life Science has no scope’’, if the 
unsuitability of an applicant for a given po.st is automatically 
linked to his having taken a lafe Science undergraduate degree, 
rather than one in Botany or Zoology or Microbiology. There 1 $ 
an obvious and unfair vicious circle in such a procedure. Every 
case tor a biology post needs to be evaluated objectively 
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OF SCEPTICS AND SCOPES 

Prabha Srinivasen 


W HAT hdj> Mount I’alumar’s ^lant tele^cope in iommon with Ihc sctplic who 
scoffs at the svstem'^ They share an etymol(»^^lcal loot- lireek .^keptntudi. 
whidi means to considei or to look at. Whether you u.sc the telescope to hrinji I he 
jialaxies closer or use an electron microscope to watch the dance ol .itoni>, the 
instruments which give vou tliese views (or scopes) are extremely important t(»ols 
of science—the very eyes and ears of scientists as it were Given helow are ten of 
these fascinating instruments Gan you gue.ss wliat they aie used loi-' 


Answers on pages 74, 75. 

^(1) Oscilloscope: 

(A) Uniform movement of 
pendulums 

(B) .A device to represent electriL 
signals. 

(O A submarine periscope that 
resists fjscillations 

(2) Ebullioscope: 

(A) Device to measure boiling 
points of solutions 

(B) Measure lor counting 
particles in an emulsion 

lO Device lor deep examination 
ol the eye<i 

(3) Spectroscope: 

(A) An KSP meter that "reveals" 
spectres 

(B) Studv of radiation emitted by 
subslances 


(C) Ttiree dimensional cinema 

(4) Electroscope: 

(A) Device m electrocution 

(B) A liglitning conductor 

(C) Device detecting electric 
charge 

(5) SlnibosLope; 

(A) Device used lor study of 
under water plant life 

(B) Machine to record periodic 
motion 

(C) Lights lor discotheques 

(6) Cinemascope: 

(A) A special eltecl in ouivies 

(B) A device to proiect 35 mm 
film on a large screen 

(C) Device for ediling films 


(7) Koniscope: 

(A) Measuies the apic.il angle of a 
cone 

(B) Device iiM-d in siibmaimes 

(C) A device to check 
atmospheric dusi pailicles. 

(8) Fluoroscope: 

(A) l^ed in (lour mills to .see 
particle si/e 

(B) I'sed loi X-MV examination of 
patients 

(Cl I'sed by aircrafts for night 
living 

(9) Aerobioscope: 

(A) Used lor puritvingair lor 
scientilic purposes 

(ID The devke used to study the 
wmg musi Ic ol airborne 
buds 

(C) To determine the bacterial 
content ol air 

(10) Lapanisuipiv. 

(A) Used to visuali''’e the 
abdominal Cavitv 

(Bl Used lo! eailv detection ol 
leprosv 

(C) ILsed to study the lapping ot 
waves at high tide 


Holistic" biology 

according to what the inciiviJiial candidate is expected to do or 
leach that v’oiild he to give eath one and bM)Iog>’ itself a fair 
chance 

Another argument is dial integration is bettei achieved at the 
postgraduate rather than at the undergiadiiate level There is 
merit in this view hui lh(»se. like me. who leel that it is bellei 
first to L(»nsider the whole mav also have a good point In our 
cippinach. the "holistic'. vision is paramount to first synthesise 
the be'^t of today’s biotogv precisely in order to bring (later) a 
varietx' ot ideas from manv angles into the detailed consideration 
ol an> part" 

A third argument is that teachers will need to be re-Irained 
Yes. ol Louise' And the experience ol ttie fine group ol teachers in 
the lour Bon\bav colleges shows that with patience, persistence 
and goc»d\vill this re training has been, by and large, a real 
success We enjoy working with each other learning from each 
others strengths and supplying for each ultier’s deficiences. 
Kach of us had earlier specialised with the Bolanv, Zoology or 
Microbiology streams but it is fun learning to leach “Life 
Science" and student rcspon.se is good. 

Pinallv, It could be argued that .several types of undergiaduate 
‘Life Science" syllabi could he constructed leading to all kinds of 
^ integrated courses of quite diverse quality True enough' One ha.s 
to pick, chouse and balance the different sub-fields This makes it 
all the more .necessary fur academicians and professionals to 


evaluate, in a positive m.iruier. our tJomhav l'mvitiil> experi 
ment and fielp us with their eniiiuragemenl and iriluisni \\V 
are open to all good ideas horn arn iiiiailei 

On the Ulth 2lith and 21st Januarx. MIMt, (he tale Siieiite 
students ol St X.ivier's College. Bombay, pul up .in Kxliihihon 
(in tfie Cidlege) on what tfiev weie studying riu* leacheiv nf s( 
Xavier's and the other lollegi-^ helped The undergiaduate 
courses were the main loms hu! some ol llu* po'ilgraduate 
coutses 'Biotechnical S».ieiKe and (he Neurosneiuesl woe also 
described One ol the exhibits piiscntid Ihe d.ila from an 
integrated .study on the qualil\ ol iKean aioiind Bomhuv. 

funded bv Ihe Neluu cVnIic this ailuecvd lluough the 
conihined dti'rls ot st.dl and student tioin (In liepaifnients of 
lale Science (mainly’), cfieinistrx and (aologv assisted l)v the 
Cams l.ahoratrjr\ lot Inlei l)i.supiiiiar\’ gikuiuli 
We leel we have begun .siniiellimg worihwhik hut that have 
slill much In learn and far to go All sikige-shons and iriliusms 
Irom thi- readers on ttre (hougtits expressed in (fiis aiticlc will he 
waimb welcomed 

Father Lancy Pereira 

h'r Petetru /.s thv Dirvttuf af Ihv ( Rewutth nt thi' S/ 

Xanets Cnllegi*, finmhay umi a rrwmfKr o/ thr hfe St/♦•me hhulty 
Mong with nthen he uhjs mstrumental m mtroduitnu thi‘ mw Lite 
Scwnce \ytlahus m the tUimbog t^nwer'.itg 
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We’ve stepped in... 


Incorporated in March 1976, 
as the apex body for the 
development of the leather 
industry m India, Bharat 
Leather Corporation aims at 
giving the leather craftsman 
a better deal by upgrading 
technology, rehabilitating 
small units and generating 
employment opportunities- 
factors which will go a long 
way in establishing a 


purposeful and prosperous 
leather industry in the 
country. 

BLC ensures high quality at 
low cost and is marketing 
everything in leather through 
Its emporia, Bharat Leather 
Emporium at Delhi and 
Madras and a network of 
franchise showrooms 
throughout the country. 


to perpetuate an 
integrated growth 


leather industry 






for iVERYTHING IN LEATHER 

BHARAT 
LEATHER 
CORPORATION 
UMITED 

(A Government of India Undertaking) 

Hemkunt House, 6, Rajendra Place 
New Delhi-110008 


and intend stepping forward 
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me Leatner Landscape 


K. A. Ramasaiqy K. S. Jj^raman N. Ramanatban: 



I ^LL tan your hide,’’ says Aris¬ 
tophanes in his play The Knights 
(424 B.C.). Puns apart, the father 
of Greek tragedy knew what he 
was talking about—tanning is one of 
the main processes which converts 
“raw” hide into “durable” leather. 

Leather making is probably one of 
the earliest arts practised by man. Ice 
Age Man wore animal pelts to protect 
himself from the biting cold and pre¬ 
served specimens of leather from 5000 
years B.C. have been found. 

The leather-making of primitive Man 
was a race between his efforts and the 
destructive forces of nature. Scraping 
the skin with flint knives to free it from 
flesh was probably the only operation 
carried out by the primitive hunters. 
Sun-drying of such skins prevented 
immediate decay but produced hard 
hides (like the bear pelts displayed by 
some of our roadside quacks). To soften 
them, sal) and animal fats were u.sed 
Smoking (fas also employed to prevent 
decay. Gr. dually, however, the ancient 
peoples- iumerians,, Egyptians, Indi¬ 
ans and hine.se. mastered the art of 
tanning; hat is,treating the hide with 
an agenl which displaces water and 
then joins and coaLs the collagen fibres 
in the skin to impart resistance lo heat 
and decomposition caused by watei and 
microorganisms. The tanner became a 
skilled specialibl and the skills were 
passed from father to son 
The leather indu.‘-try today may be 
regarded as a bridge between the pro¬ 
duction of the hide as a by-produft of 
the food industry and its manufacture 
into shoes, garments and a ho.st of 
other go<»ds lor which it provides a 
basic raw material. 

The production of leather is a long 
complicated^ process and certainly not 
one w»hich can be embarked upon 
.successfully without specialised skills. 
We can .say tanning is not only a 
science but an art. Before one turns to 
tanning, it is necessary to understand 
the histology of hides and skins. (Large 
animaLs are said to have “hides” while 
smaller animals like the goat, sheep 
and rabbits have “skins".) 

The hides and skins of mammals can 


he divided into three distincl layers 
depending upon their structure and 
origin. Thev are: fl) the epidermis 
formed by a thin layer of epidermal 
cell.s^. (2) the dermi.s or corium consist¬ 
ing of a thick layer of cells, and (3) (he 
subcutaneous adipose or flesli layer. In 
tanning, the epidermis and the fle.^hy 
layer are removed and it is the torium 
which is tanned into leather. 

Sixty to .seventy per cent weight of a 
fresh hide is water; while proteins form 
30 to 35 per cent of the hulk; I he 
balance i.s made up of about 2 per cent 
lipids, 0.5 per cent carbohydrates and 
one per cent mineral .salts and other 
substances like pigments In a dehy¬ 
drated condition, 90 to 95 per cent of 
the hide is composed of proteins, both 
fibrous and non-fibrous. Of the fibrous 
proteins, the most important is col¬ 


lagen which accounf.s foi nearly 85 per 
cenl of the corium. The non-fibrous 
protcin.s are iilbumm.s (wafer .soluble), 
globulins (.soluble in salt solution.s) and 
mucins, mucoids or glycoproteins 
(.soluble in dilute alkalies). 

Curing and preservation 

The chemical cninpf»silion of raw 
hide rnake.s it liable to attack by micro¬ 
organisms whief) decompo.se or putrely 
the ti.ssues and eventually render them 
un.suilable lor maniilacture of quality 
leather. Cuiing is the name of the 
Ireatmenf folkiwed t<» prevent the 
attack of these organisms Curing must 
not change the condition of the .stock 
to such an extent that it cannot be 
brought back to its ongiriti] fresh 
condition by simple processes like 
washing and soaking. In a well cured 
hide the fibrous stiuctuie must neither 
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Simple drying and salting are the two 
important methods of curing which can 
also be achieved by radiation, freeze 
drying, brine and dry pickling 


be (lanidgetl phvMGilly of chemically. Nor 
should Its inlerfibnllary proleias under¬ 
go any permanent change, f'erfeclly 
. cured hides can be shjred lor a long lime 
> Simple drying and sailing are the 
two important metlitid.s ol curing Be- 
j' sides these, freeze dr>’ing, curing by 
' radiation, brine curing, curing by pick- 
; ling, diy pickling are also available. 

Pretanning operations 

Soaking-llu* process before they 
‘ are taken foi liming- is earned out to 
soften the hides, lo remove the adher¬ 
ing salt, blood, dirt, etc and to produce 
‘ a light swelling and to bring the hides 
' to the original condition hy rehydrat¬ 
ing the fibres Fresh and wet salted 
hides and skins can he ea.sily soaked, 
but diy ones reijiiire longer time 
Sodium sulphide and sodium hydrox¬ 
ide along with welling agents may he 
used lor .speeding up soaking Addition 
of bacteiickles is rnportanl lo control 
. the growth of micro-organisms 

Liming IS the next process, it 
' loosens the liair, swells and plumps the 
fibre .si rut tin e, sepaiates the individual 
fibre stiuctuie and opens the fibrils, 
natural lal is saponified, unwanted 
proteins sucli :is sweat glands and 
, blood vessels aie removed (as is flesh). 
Liming also licips hating and leads to 
greahT reaclivitv ol the skin protein 
Slaked lime. Midmni .sulphide, .sodium 
hydnixide. scjtuuni livdrosulphide, 
ar.senic siilplnd'\ amine salts and even 
en/.vine pioduils are used in dilterent 
liming proLC'SCN. t»0 years ago lime 
alone was used, t* still used lor 
liming hghi leithe^ The striked hides 
Or skins are .sniead llesh side down on 
tlie Mil'act of (he lime lK|iiot No skin 
niLisl shove ahovv ihe siirlace ol the 
litfuoi (iT there will ht lomi.Uion oi 
“lime bla-.t 

I?.iih day. (he skins are hauled. 
Ntnnialiv laning takes Id-lfi days Die 
hair ma\ l•>o^en hiil this is nol always 
the case <inly used lime liquois whivh 
, conlain .nniiu.s :ul as Jehairmg agents 
; and help in fcmoving the hail. The 
I age-loTig [irai hee is l(» commence the 
■ uoik Ml a pir conidining used lime 
. hviiPM lo which M»me lime and sodium 
. .sulphide are .tuded \!lei J \ d.iys I lie 
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lit|uor i.s drained and a new lime liquor 
IS prepared and .sfrmetimes this ls 
iLsually .strengthened with soda ash 
which increases it.s .swelling and plum¬ 
ping effects. The hides are processed in 
tins liquor for 4 5 davs and taken out 
for unhairing and fleshing. A three-pil 
.sy.stem having old. medium and fresh 
liquors was ai.so popular earlier. It has 
now been replaced by short liming 
processes using "sliarpening agents" 
like sodium sulphide which increases 
hair-liKisening action, plumping, etc. 
This IS employed in processes like paint 
liming, drum liming, pit liming 


Del iming 

DLlinioii: removes the alkalinity 
hiMii Ihe hide eitliei pai'tially or com¬ 
pletely according lo the type of leather 
required. Bv simple washing, Ihe un¬ 
fixed lime IS remoN'ed The residual 
linu IS found vombmed with collagen 
and .some acids like hydrothloric. lai- 
lu. hone or avid salts like sodium 
hisulplnte, ammonium sulphate or 
clil(»ride aie used to remove it Delim 
mg van he done in pit, paddle or di'Um 

Bating 

[baling IS a slep in Ihe purilication of 
the hide prior lo lannmg "The chemic 
al called a bale is u.sed lo remove Ihe 
unwanted components consisting of 
protcMii degration pnalucts, epidermis, 
hair and Ihe .scud on the surface ot the 
skin, m Ihe hair folhde.s and pores and 
some ol the chemically re.sistant hb- 
roii.s proteins. In «j|d days, hating was 
called pueimg and referred to a Ireal- 
nu nt i»t Ihe pelts witli a warm infusion 


of dog dung (puer) or pigeon guano. 
Bating IS mainly due to the enzA'inic 
action on Ihe pelt. Bating is normally 
done in a lew hours in case of cow hides 
meant for upper leather ot shoes. The 
hard natured goat .skins lake much 
longer time. Bating not c»nly loo.sens 
the collagen structure but also breaks 
down the fat cells and thereby removes 
natural grease to a certain extent from 
the pelt. The hides are partially delimed 
and the bating is performed in luke¬ 
warm water (d8-4()'’C). The practice of 
bating, the amount of hate and the 
time of bating vanes with the type of 


raw materials used depending upon trie 
final derived product 

The bated skins should be flaccid, 
soft and shpper\' to the feel and shou.'d 
retain the impre.ssior. of Ihe thumb 
when pre.ssed It should be pcissible to 
squeeze air Ihrough elficiently bated 
sheep and goal .skins The scud, dirt or 
pigment should be loo.se and be easily 
.scraped out ol the gram side »>! the 
baled pelt. 

Pickling 

Pickling IS a process by which the 
hides/.skins are treated with .sail and 
acid solutions Pickling is usually per¬ 
formed after deliming and bating oper¬ 
ations. It IS an es.sfntial prior step to 
mineral tanning (to bring the pelt lo an 
acid condition so as to prevent tire 
precipitation of insoluble chromium 
salts on the skin). Sulphuric acid and 
common salt are normally used tor 
pickling. Sometimes organic acids are 
also cidded. Pickling is mostly done in 






The entire science of leather 
manufacture is the science of skin 
proteins and their interaction with acids, 
bases, salts and organic and inorganic 
tanning agents 


drums. In genfral, picklmft could aLso 
he dnne prioi to vegtlahk tanninft 
This rt'bults in a cleane*- pelt. Pickli 
lenioveb slain.s cau.sed by sulphide and 
iron Pirklm^ i.s also done to pre.seive 
Uio hides tor storage and for export 
Piikled skins will keep indefinitely if 
iir-'lected from water and rnould.s 
Vvhen allowed to dr\’ out. lire pickled 
pelt iS soft and leatherx’ Some preser^ 
\alive Is also addeil durinj* pickling. 


nmg. In a hide the fihrous collagen 
proteins over bonded chains winch can 
he broken down by heal or livdroly.^is 
into glue or can be strengthened by 
tanning into leather. The entire science 
ot leather manufacture is therefore the 
science of skin proteins and their 
interaction with acids, bases salts and 
organic and inorganic tanning agents, 
leathers. Synthetic tanning oils like 
suiphociorinated mineral oils are u.sed 



A /cbiTt heinfi skinned. Leather can be made from all sorts of animais ranging fntm 
aardvaiks to zebus: cattle, goats and sheep skins account for the bulk of the world*s 
lealhet supply. 


Oepickling 

I5y di‘p»‘kling. the pickle acid is 
removed lui whicfi the pelts are treated 
witir mild alkali Depickling r.s e.ssential 
prior Iri vegetable tanning. 

^Tanning 

After the pretanning operations, ttie 
liidcsFskirt.s are taken for tanning. All 
.soluble protein is lemoved before Ian- 


lor chamoi.s type ol ksdliers 
Among the mineral tanning agents, 
chnime salts ate the most impmlanl 
Sodium dichromate is reduced hy 
means of reducing agents which may 
be either organic or inorganic. The 
basic chromium sails are used in 
bath chrome tanning process. In two 
bath tannage, the pelt is first treated 


with dichromate and acul and then 
reduction is brought about .suhse- 
quentlv inside the pelt by hypo. In 
recent years, chnune tanning process 
has been lalionalised. The powder tan¬ 
nage (»r floalle.ss tannage is very widely 
u.sed nowadavs. Another improvement 
effected in powder tanning is the self- 
basitying tanning system 

Aluminium tanning is one of the 
(ddest methods known but this is not a 
stable tannage and the liydrotheimal 
stability obtained is very low. The 
leathers are neg stable to cold water- 
washing and .some of the fixed alumi 
mum salt gets st upped. 

Recently zirconium salts are finding 
wide application in tanning Zirconium 
tannage gives thorough while and well- 
filled leathers with lairly high thermal 
.^ability Thy leatheis have good butfa- 
hilitv anil posses.s good nap for 
finishing .suedes 

Vegetable tanning 

Vegetable tanning consisl.s in treat¬ 
ing the pells with infusi(»ns r)l barks, 
leaves, fruits, mils jnd also roots of 
various plants. The.sc infusions contain 
a characteristic chcMnical compound, 
phenolic in nature, winch is geneially 
termed “tannijV The.se combine with 
the proleinou.s mailer ‘if hide and make 
them resL-^tant tf) the action o| enzymes 
and water and irnparl thermal sUihilily. 
The vegetable tannins me broadly clas- 
Mtied mlt» "pyiogallor' l\pe and 
‘c.'ihclml’ fvpe 'Ihesi are aslr ingeuf in 

character, Ihey p<i.ssess Ihi p»’ripertyof 
Jelivdralioii jrid conlrading llie pro¬ 
tein tibres 

In vegc'lable tanning, the pell i.s not 
allowed to lome into uriilacl with the 
highly Lom enlrated ol tanning 

sinct (he priJleiM lia^ a ver\ great 
affinity for tannins The tannins c«rm- 
hine inimedi.itely wilh the protein 
(skin) With the high fixation of tannin 
on the .surface laveis nt hides further 
penetration is prevented. A ilrawn gr.iin 
results as a coii'ieijucnce So il is always 
advi.sahle to star' tannage at low con¬ 
centration of tannins In (he modern 
methrrd of vegetable tannage, allempts 
are m.ide hj redcue the time lan- 
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nage. This has been made possible by 
the introduction of “syntans" to quick- 
' en the penetration of tannins and the 
.'use of drums for tanning instead of 
;pits. 

Formaldehyde tanning 

Formaldehyde tannage produces a 
white leather which is empty. Normally 
this is used in combination with other 
tanning materials The grain surface of 
a skin becomes rough. The main char 
acteristic of a formaldehyde tanned 
leather is its ability to recover area after 
thermal shrinkage. This tannage is very 
quick becau.se of the low molecular size 
of the tanning agent 
‘ Oil tannage 

Oils like rod oil and .sardine oil are 
able to tan because of their chemical 
structure and oxidation products de¬ 
rived. The tanned leather is called 
chamois leather which possess high 
water absorption, is .soft and has a 
cloth-like feel. The hydrothermal sta¬ 
bility of chamois leather is rather poor. 
The tannage consists of treating the 
pelt in flsh oil and they are hung up in 
a room of relatively high humidity and 
at a temperature of 45-50'‘C. The oxida¬ 
tion process evolves heat and as a result 
changes in the fibre structure are 
brought about 
Combination tannage 

A particular tannage may lack an 
important pioperty which may be the 
.strong point of another tannage and 
the co.obinalion of the two may impart 
the good qualities of both to tlie 
leather, minimising the undesirable 
qualities ol eithei ot the tannages. 


Combination tannage nut only influ¬ 
ences the final property of the leather, 
hut also may help in reducing the 
duration of tanning. For example, the 
outstanding characteri.stics of chrome 
tanned leather is its excellent heat 
resistance, fine gram and internal 
.spring. But it lacks in tightne.s.s of grain 
and is also rather empty. By retanning 
hill chrome leather with vegetable tan¬ 
nins, the break of the leather and its 
fullness are improved. 

Different surface finishes 

The process of dyeing and fini.shing 
vanes depending upon not only the 
demand of the buyer hut also on the 
method and material of preparation. 
For example, the technology of dyeing 
and finishing of glove leather is entirely 
different from that of shoe upper 
leather. 

Dyeing 

Dyeing is essentially done with three 
obiects in view dveing of aniline, 
dwing ot suedes and dveing to be 


tollowed by a coat of pigment finish. 
Because no covering coat is given for 
suedes, dyeing is of great importance. 
Similarly aniline uppers which are 
finished without any pigment should 
be dyed to level shades. As leather is 
made of a three dimensional weave of 
fibre bundles, penetration of dye into 
their matrix assumes importance. The 
dyes that are used in leather industry 
are acid dyes, direct dyes, basic dyes 
and premetallised dyes. In dyeing opera¬ 
tion, certain auxiliaries are used to 
achieve penetration of dyes, fixation of 
dye.s and improvement of bleeding 
fastness in water. Sometimes dyes are 
fixed using cationic dye fixatives. 

Finishing 

Fini.shing is perhaps the most vital 
part of leather processing as the final 
product IS judged by its appearance or 
handle. Whatever laults that have 
occurred during the earlier processing 
can be corrected by finishing.' In 
finishing, there are two basic 
approaches: one involves the u.se of 
protein finishes followed by glazing and 
in the other resin finishes are invari¬ 
ably used. While the protein finished 
leather has a natural appearance, ele¬ 
gance, feel etc. the resin finish imparls 
Its own charactercstic plastic handle to 
leathers. 

Protein finishes 

The basic principle involves in pro¬ 
tein finishing is to apply a coat of some 
hard proteinous material which under 
friction and heat produces a lustrous 
appearance. Casein, egg albumin, 
blood albumin and shellac are some 
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such materials Gelatin is often used in 
^ small quantities hr improving; the 
gloss of the finish to the leatt er Other 
adjuncts are small quantities of wax 
which help in glazing and thickeners 
like gums mucilages and carboxy- 
methyl cellulose to increase the viscos 
itv of the finishes so that penetration is 
contiolled In addition, dyes are used to 
improve the tonal beauty of the finish 

Resin finish 

Rism finishing is of interest to 
tanners wh< cater to the domestic 
market as well is expoit market Resin 
finishing technique is simpler 
than finishing with nrolein composi 
tions A composition of pignunt suit 
able theimoplastic lesin wax emu! 
Sion dye solution and water and some¬ 
times a little quantity of ammor»ia in 
lequircd pticentages is used tor lesin 
finish C.enerally the practice is to give 
one or two coats ol finish by biush 
followed by 2 i coats of spray Then the 
leathers are dried and plated after 
spraying with a lacquer emulsion or 
casein-formaldehyde Artificial gram or 
cow gram or hair cell gram is usually 
printed after the pad coat For full 
gram leather this is not done, often 
2-3 platings arc done m between the 
^pad and spray coats Polvurethane 
finishes are very popular nowadays 
because they produce results unsurpas¬ 
sed in performance U 


But for the intense cultural taboo 
involved, human skin is like any 
other...Perhaps frailer than the striped 
coat of the tiger or the spotted glory of 
the leopard 



Of scalp* and soiiveAirs 


D uring the course of their 
violent past inen have some 
times flayed and tanned the 
skins of fellow human beings 
For grisly as it seems human skin can 
be processed like any other skin <m 
hide’ References to the use of human 
skin abound both in mytliology and 
histoiy Apollo IS said to have flayed 
Mdisitih for adulterv and kept his skin 
in Ihe city o* Cclina 
As said eailicr hu* for the intense 
cultural taboo involved human skin is 
like any other pc rhaps frailci than (he 
striped magnificence ot a tiger skin or 
the spotted glory (»f the snov\ leopard s 
coat The process itself is quite simple 
Treated human skins arc taken and put 
in a bath 900 gm of common salt 
some 100 gm of Vclnolo icid 210 gni 
of aluminium salt arc advkd to the 
hath and it is dissoivtd in J litres ot 
boiling water Then the skins are 
handled and lett in the hath loi Ji 
hours Thus are human skins tanned’ 
In times past such processed hu 
man skins were used hut never tor 
trading purposes Although theie are 
instances of human skins being used 
for the manutacture of leather goods 
and book binding particularly The 
historian Herodotus wiote that he had 
personally seen objects made out of 
human skins In those days a man w’ho 
possessed the maximum number ot 


horse saddles made of human skins 
was considered most valorous Hero¬ 
dotus further wrote ttiat the Persian 
King Cambise (528 522 R C ) had one 
of his conupt judges executed, his skin 
was peeled off and put on the King s 
couch Duiing King Aitiasere's reign 
not only con upt ludges but also those 
wtio delivered inequitous judgements 
were similarK punished In 
Souvenirs hv Pierre dt Couishamp 
states that a Frenchman by name 
Philip Lgaltc vvort pants of niatenal 
made out of human skins’ 

With the progress ol civilization 
laws were pmnuilgated forbidding the 
dcfiUmcnt of the dead m an\ wav 
Howcvti in 1945 4h during the his 
I jric Iriiil <if war crimifials in Nunm 
hcig episodes Lame to light of heated 
kiiis bung round in the house ot 
( aptain KdlIi Head ol Ciuman Cun 
ccntiation Camps at buchcnvvald Me 
was proseiiiUd irul condemned 
\iticles made out ot fiuman skins 
haxt hen lound only in Libraries 
Museums and Palicis 
Recently an iinvended report in a 
1amil Weekly stated that one Basavap 
pa ot Bdsdveswara in Karnataka, aged 
35 ottered a pan of chappals made of 
his own skin to a temple in Pakawadi 
ncdi Basavexwara It is slated that he 
cuts his skin m smalt pieces and made 
these chappals 
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TEST-TUBE lEATHER 


M ANKIND'S demand for 
leather is too great to be 
fultilled bv natural re¬ 
sources: hcnt c many types 
of synthetii leattiers are now being 
produced f(*r a variety ot applications in 
footwear, upholstery, garments and 
luggage. 

Of these, [(iotwear i> the most 
demanding in terms oJ slrenglli^durabil- 
itv and Hexibility of material Also it 
needs to be endowed with the ability to 
absorb and dissipate moisture during 
use to provide comfort and hygiene. 

Cheap leather substitutes came tm 
the scene in tlu* Itf^Os--these “oil¬ 
cloths" and "leathei cloths" were fol 
lowed by the introduction of vinyl- 
coated fabrics in the I94i)s. Ttiese early 
inventions were n\» match tor leather 
tor they ciiU ked loo readily when flexed 
and had a short hie More(»ver, none of 
them were peniKable to air or water 
vapour Since the iM.iOs newer alterna 
lives witli more salislactory properties 
have been introduced. The.se can be 
broadly classified into two categories. 
Poiomerics wtmti \\y to reproduce all 
the desii.ihle giialilies ot natural leath¬ 
er mcliiding \\> "bieallhibility" and 
other ersatz leathers winch merely 
reproduce the St»me visual effects and 
“handli' or leel as th.d of natural 
leather These are mainly pLc^tic [or 
polymer I coatci' lahncs 

Poromericfl 

The DuI' mii to‘poiation in tiu* 
mtiodiKed tin tiisl poionieric, C nt.iin 
in the e.irlv l‘'M‘s I)i‘spite it.^ many 
e\cel'‘’nt prop ilies it was not enrn- 
ineiciallv . '•"iui imti.illv Uith mU 
segiienl w !opl'^e^l^ it lias now 
gained Mirldwhit u^age 

heetiui ii'u'li i-aiiiinst enlircf. • om 
posed ol deii,el\ tangled hd'Ulles ot 
hydrophilic fv. .ihsorhingl protein 
fibres kno\eii as «»lLig»n These times 
are more ligh!' .e,ailed near tlv upper 
or “gram" suiia .■ ttian oo the tlesli 
side Tills ^Ij>. me give.s great 
^t»ength. Ifigellui ' illi permedbilitv to 
VAatei vapour and a . and llie ahilitv to 
Ilex wilhout miivti wniKling of the 
gram siirlace Certain plastic foams 
show similar pinp»,f.i.s hut absorb 


moisture less readily, pelts or “non- 
woven " fabrics have good strength 
properties but do not readily accept 
lacguens or finishes to give a good 
aesthetic appearance. 

Corfam had a complex structure, 
comprising a non-woven felt backing 
on to which was laminated a tightly 
woven nylon cloth. The top surface was 
polyurethane foam, which permitted 
the passage of water vapour and would 
accept lacqucr.s and polishes. The felt 
layer was made from a needle punched 
web of polyester fibres, which was 
impregnated with a polyurethane solu¬ 
tion to bind the fibres. The woven 
nylon fabric was bonded to it with a 
polyurethane adhesive. The 
polyurethane foam was cast on the 
.surface, and the desired visual effect 
WtLs applied to the surface by pressure 
Irom a heated plate engraved with the 
desired leather-like gram pattern 
(“plating") A final lacquering opera¬ 
tion gave the desired surface linisli 

Commercially successful poromerics 
range trom an entirely fibrous material 
(for instance Tancra) to an all foam 
struiture (such as Porv'air) Tanera is 
produced by conirollmg the needle 
punching to give a material with a 
greater degree of entanglement on the 
gram surface than <»n the reverse side. 
The fibres arc then lightly impregnated 
witli a polymer solution which acts as .i 
bindei 

1*01 can, oil tlie other hand, remains 
the only poromeric which does not 
contain fihies ol ariv type, and v\ is the 
Insi poKirncric to be produced in 
Krilani I! is a reticulated poly 
mediant loam, that is, it has manv 
pnres wlikli mtciconncct thioiigh(»ut 
th» l>od\ ol ilie material (I is produced 
by dis.solving the i hemical constituents 
of the pulvorethane, an is(»cyanatc and 
<t l olvol. Ml a suitable .solvent (dimethyl 
lormamidt) and dispersing finely pow¬ 
dered .salt (.sodium chloride) into the 
leaclicin mixture. The resulting mate¬ 
rial \'^ then ca.st in two stages on to a 
moving flexible wire mesh belt. 

The first layer has a coarse textuie, 
and the second, finer layer is cast on 
top of It. As the polyurethane 'cures’ or 


sets, the residual solvent is removed 
and the salt is leached out by wa.shing 
in water. This is done by passing the 
continuously cast sheet material over 
rollers which lead it through a series of 
water tanks at controlled temperatures 
to remove the salt. The material is then 
dried and fmixhed by plating and lac. 
quering in the same way as for Corfam. 

Clarino, a Japane.se poromeric, and 
Xylee, from West Germany, are both 
inteimediate in structure between Por- 
vair and Tanera. that is they both use a 
polymer impregnated felt substiatc on 
to which IS cast a polyurethane fl»am. 
In the case of Xvlee, careful Ciiagula- 
tiun of the foam during its formation 
produces the l<w density reticulated 
structure necessary to give permeabil 
itv to water vapriur. 

All these material-, are .ible to ah.sorh 
moisture and to dissipate it thiough 
the grain surface, whicl> is parh'‘uldrly 
important m foiitVAav applicilioics 
Only a .small amount of poronu*nc 
material i.s u.scd in (»ther \cs<i demand¬ 
ing applications, in whuh llic cheaper 
ciuited fabrics aie olten equally 
satisfactory 

How do porointiks ^ohipai** with 
Icdher in perlurmaiice' Ariv rnat^nal 
used as an upper" (the portion abiw 
the .sole) m footwear must have sufli 
cient strength to withstand pulls on the 
last (last IS d metal or wotxlen model 
u.sed by the shoemakei tu mould his 
pioduct from proussed Icvitheri. Tht 
material should al.so po.sse.ss a balarie 
ol plastic and elastic stretch to enable 
the upper to conform !•) ihc sh.aue of 
the foot also of the last withnul hi com- 
mg progressively lo<»se and sliapeless. 
Lealfier ha,s all these gualdics hut 
potomeriis have a tearing strength 
well below’ that ot leather, riit-ir tensile 
sliength IS also kw Moreover, leather 
has d more uniform ^frel^h at various 
directions than that of poiomerics. 

Leather can be t.isily “lasted" at 
room tcMnperaturc Sixly-five per cent 
of the basic shape is “set" when the 
ledflier is left on the mould or the last 
for three days and allowed to recover 
lor 24 houT.s Under identical condi¬ 
tions, poromeiics show only per 
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G^l’s leather largesse 


T he Central. Leather Research 
Institute, which is one in the 
chain of National Laborator¬ 
ies under the csiK. was estab¬ 
lished in the year 19S3. The main 
objective of the Institute is to develop 
appropriate technology and transfer it 
to tlie leather industry: also to build 
up technical manpower through 
training programmes. Developing 
know-how for the different sectors of 
the Indian leather, footwear and 
leather goods industries is also one of 
the main goals The task ot transfer of 
technology is extremely complex 
since the iiidustiy is age old and 
exists at different levels, namely, 
village, .small middle and large scale 
.sectors. 

During the last IMl years of its 
existeiKO. the Irustitute has had a 
number or major achievements to its 
credit 

CIKI has concerned itself with the 
pr-x'esses ol both traditional and newer 
types of leathers Bag tanned leather 
at the Village level and L i tanned 
leather at small scale level are exam¬ 
ples ot the tradiljonal types ot leatti- 
ers The modifications made hi bag 
tanning such as would retain the 
Miiiplicitv ot the technique and the 
chaidilcr ot leather and yet fetch 
better retains to the village tannci. 
While bag tanned leathers were used 
t»nl\ lor making Sole cbaj as leathers, 
eti. the improvtii mcLhoas havejbeen 
found to he ver>’ suitable for the 
maiiiifdtturt of football leather cycle 
saddle lcaltie». belting leather, leattiei 
goods, tte. 

U.in ha.<. devoted consideiable 
atleiihon U) the Icdinnlogy of k i tan¬ 
ning. In conirast to ttie tiaditional 
piOLe.s< ot l(jrig duration u.sing mini¬ 
mum chimicals, lapid tanning tech- 
riigiies have been worked out. New 
and economical tanning processe.s for 
making f: i. tanned goat, .sheep, cow 
calf and buff calf sKjns have been 
developed based on the use of chemic¬ 
ally modified myrobalan infusion. E r. 
tanning vi^as also introduced in 


regions where it was not practised 
earlier. 

The restrictions lmpo.sed on raw 
goat skins made the exporters to go in 
for wet blue chrome leather export 
and CLRi developed the necessary 
technology for the manufacture ol 
wet blue skins and this item soon 
developed into a significant export 
item. 

CLKl has been engaged in working 
out processes for preparation ot 
finished leather thn^ighout its period 
of functioning. This has assumed 
importance with the switch-over to 
finished leather. Know-how has been 
developed for <\ wide variety ol 
finished leathers ranging from tfie 
routine ileni,s like uppers to .sophisti¬ 
cated and specially items like gar 
nient leatfiers. indu.strial leathers. 
sportsgood.s leathers upper leathers, 
softy nappa, aniline and ^ernl-amllne. 
lining, oil .seal leather, gas meter 
diaphragm leathers arc repie.seriialive 
examples of tlie leathers fui whicfi 
processes have been worked out hy 
CLKi The ln.slitute i.s currenMy e?v 
gaged in assessing po.ssibilities ot 
u.sing imported mw mal**n<il.s lor 
manufacture nt tmished leathers tor 
export. Leathers fnr delence needs 
rcpiesent yet another taLcI ol ci.Kl 
activilie.s. itigh altitude leathers, an 
pilot's glove leatfiers -ire some ol llu 
items developed at I'l Kl tm deleiKC 
I he inferior tn.idt Indian raw 
materials have to he upgraded and 
this IS mainly effeded Ihrmigh novel 

niLitii>'is ijf rinishmg to .*iin»ine the 

value Tie and dye technique, soeen 
printing technique, v rofmisi^ techni¬ 
que novopnnt technique :ire .ioroe ot 
the U-cfmiques developed at 1 1 in 
CLKI hit.s given great importance to 
prevention oi minimising the dc 
terioratiun in hides and .sLins through 
short-term curing technique using 
zinc chloride as the pieservative. It 
ha.s evolved an economical method 
for purification (d sail used in curing 
which can be u.scd for recuring witli 
admixture of antiseptics like sodium 
pentachlorophanate, whicfi v\*ill pre¬ 


vent pollution of soil and water by.'"! 
salt. 

Cursal—ci.wi product—a mixture / . 
of sodium sulphate and magnesium 
.sulphate ha.s been .shown to be an - 
effective .substitute for khan .salt trsl- 
ditionaliy used for dry-salting. \ di*>'- 
drum curing method has been stan- 
dardised for preparation of both wet 
and dry salted hides. 

Methods and processe.s have beerf 
evolved for better and rational utilisa¬ 
tion of domestic raw m:itenal.s. A 
successful method for giatt polymer- 
Lsation on hides and .skins witfiout 
destroying their native .slructure; 
teihriologv f(;r non-tiaditional use of 
buhalo hides m picpaiation ot 
shrunken grain leathers, surgical in¬ 
struments poli.shing kathus; proce.s- 
ses for new;er types ol leathers like 
softy nappa. upper and lining, up¬ 
holstery. sportsgoods leathers oi! seal 
Icatlier.s fnim conventional soince.s 
like cow hide.s have been given In ihe 
industry. Processes loi ulihsalion t)f 
exotic .species like Irop banduoot, 
lizard, turtle, .shark, dog skins and 
elepfiant hides have been dcm*/!is 
Irated. 

cLKJ ha,s wu>iked out pr^esscs loi 
reduting the con.sumpliofi ut waUlc 
in the present practices and reijlacing 
vvhollv or partly wattle with irulige- 
nous tanning nuttenaD \ lU'i.ifier of 
modified hinning exlnuls have liecn 
dcVelo(»td and .suiiie ol Iht .c n've 
been taken up by ihc industrx lor 
pniductkiH (Wattle is an fica.sia which 
supplies tfn- hjik UM‘d ii, uinniii^* j 

All these process!.? haxu hi.cji de 
monsfrated e.xten>,i\v!v m ' umuS 
pal Is of India even m n on It *4 llag.'s 
with ionsiileiable henetil in Iht ir^n- 
ners The KxlenMon Area ol 1 1 Ki luis 
done commendahle work in 
sped thiough its Kegiopjl !;.Nbnsj.»ii 
Centres in Bombay. Calcutta. IuIIum 
dur. Kanpur and Raikot. the ^^^'Jlhe^n 
region being served from MuJeas It is 
giatifving to note that mcK rocr 
chants of raw hides and skins haw 
become finished leather manuidvlui 
ers because of assisraiu*' hv ciki 
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■cent of set. They retjuire lo be al 
high temperdture- 120-1^0 C. al.so, 
longer durations are required even for 
such heat setting. ^^)^^Merles are also 
susceptible to surtaie damage from 
pressure and heat I lowever, pororner- 
Ics offer several advantages -il) Abs- 
, ence of “cracking" (although a slight 
“greying" of the finish may occur if 
they are pulled for) hard) l2) Because 
'poromerics come in uniform sheets 
they offer a saving in cutling of some 
J5 to 2(f per tent. Hides and skins on 


the othei h.mo ,iiv‘ ougul.nlv sh.jptd 
Alsr), iK'iiiLisi ol llieir iimfonnily. the\ 
can tiKd be i^i.'ed ora o)i top of the 
other and sublet led lo iniilliple tut¬ 
ting (The width Vanes and a single 
pororneiK i(»ll iiia\ yield 12n .s(| ni.) 

A maior disadvantage ol poromenc’^ 
re.sults hoin tlien pool eoinprc.ssibility 
which makes lasting an exacting opera¬ 
tion. Also the stitches may not “bed 
in" quite the .s.iiiu* way as they do on 
leather. Beading or lolding can be more 
difhcult than it is m lealhei lied 
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Leather-bound hooks (above) continue to 
enchant bibliophiles even today in this age 
of ersatz leather. Right: A leather bag from 
Kashmir Valley hearing the lily motif. 


Covering is nioie dillicult with 
poromerus than with leather. 

LcMthei IS much .superior to the 
poromerics in Ilex endurance. The 
absence ol rigid cementing .substance 
and the fact that there are no weak 
pomt.s in leather contributes to two of 
Its important properties - good resist¬ 
ance to flexing and retention of flexibil¬ 
ity at low temperatures. 

An important difference between 
leather and poromerics is that scuff- 
snag damage is much more difficult to 



repair with poromerics than with leath¬ 
er. In leather, the damage can be easily 
filled in with shoe polish. Not so with 
poromerics. 

Poromerics have a fine break similar 
to that given by good quality leather A 
property important for good “eye 
appeal" after a period of wear is the 
shape of folds or flexing creases that 
occur across the vamp Good leather 
shows nicely rounded lolds. The latest 
poromerics also have very good round¬ 
ed folds. 

Many poromerics show the .so<alled 
“Orange peel effect" when stretched, 
that IS, they display an unevenness or 
pitting of the smooth surface. This is 
fine ot the serious shortcomings to be 
overcome. 

Leather is known to transmit water 
vapour not only through fine pores 
between fibres hut through the hyd¬ 
rophilic fibres themselves. The hyd¬ 
rophilic fibres in leather which run 
from grain to flesh ensure that the 
moisture is tran.sported by absorption 
right through. Most poromerics by 
comparison have a hydrophobic fibrous 
structure with large voids in the subs¬ 
trate where moisture is tran.sported by 
simple diffusion; the water vapour per¬ 
meability of poromerics is found to be 
less than that of leathers. The water 
vapour absorption of poromerics is less 
than that of leathers. The rate of 
absorption and desorption of water 
vapour is also observed to be more with 
leather than with poromerics. 

Poromerics are more elastic and 
“bedding in" as could occur in leather 
may not occur. 

Continued on page 65 
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Iodine deficiency can range from thyroid en¬ 
largement to severe damage to the brain and the 
body of the growing child. In India, about 120 



C OMM in pk'dst* What is your problem-' 
fhh (itt. I h^nv been notn inf* a .suv//- 
ing in fnml m mv netk, whii h seems to he 
movmfi up Mid down when I swtillow. 

Did you n«)tu'c the swelling hy vourself or 
was It pointed out lt> vou bv others-' 

As a iihittci o{ Ltd my husband notued it 
first, a tew months af^o He teels that he has 
been noticiiif^ some lullness in trnnt of my 
neck ever siikv the deli\vr\’ ot nut baby two 
years afitt. 

I,el me palpate \m)ui iu\k You appear tf> 
have a j!<ntre 

What does that mearf 
Cioilre IS a swellinji ol the thyroid M^ind 
whuh I'H one ot the endocrine glands in the 
hodv ItK’atcd in front of the neck It has ^he 
shape <»l a bullertiv with two lobes loined bv 
a ccntiat linn strip The entne }*land sits 
like a saddle in trout til the wind pipe 
rtnn heathmu should be difficult 
Ver\ laipe poihi s niav do that They tnav 
prodiKC tioar.senes.s ot voue by pressing 
npim the nen-e Mipplv li» the vocal cords 
but in yonr case the ^'/e ol the poitre is not 
very' hip Von need not woirv about anv of 
thoM alanninp svniptoins 

Hut the swvllini^ ot the uland means / 
must have a Laneci Otlh twisv, w’hy should 
It lirnw like that- 

Meal ai\\\ ansietv .'ne the worst eneinie-* ot 
the patient I.et me Inst dispel \om uMinies 
in till' ii sp' 1 1 tioilit IS (.ominoii in v\omen 
around piih»'!t\ and piepiiancv In certain 
ccMiimiiiiitu ^ it IS so corrniion Mi.it it l^ 
corisiderevl ri 'len oi heaiitv n women \vr\ 
few yoilns ai' doe to cMliei ol the thviold 
gland, nnlv \M-cn (luu is a localised, haid 
nodulai swellinp in some part of the gland, 
we consider tlie po.sibijiiv ol the cancer In 
your case. \oii tia'c a vhftuse. moderate' 
sized, unitonn tnl.irpunuil of the whole 
gland This type f)l swelhnc xvadd he most 
unlikely It* hat hour caiKer 

U hat you say is most icassunni: hut why 
should I f!et this ^wellina and what should / 



do about It now? I do not even know what 
the thyioid pland is notmally supposed to 
do in m\ hodv 

The thyroid is an important gland in the 
body It secretes thyroid horm<ines which 
control growth development and various 
melaboIiL functions of the body It picks up 
most of the iodide (a compound containing 
(he element iodme)whith is cirtulaling in 
(he bIf»od stream This iodine is an impor¬ 
tant constituent of oui diet 
The thvroid gland has to rely on the 
external environment ‘or the raw material 
(iodine) Irom whuh it m.ikes the thyroid 
lioirnones Depending on Mie balance be¬ 
tween the supply a"d demand tor iodine, 
(he gland varies in its lundions and struc¬ 
ture Consequently, it gels enlarged. 

Like a tact on' whcie it you do not have 
the law material, each unit would have to 
enlarge its work cipahility to meet the 
demands ot the supply 

Mxactly The commonest cause of goitre 
is iodide Jeliciency There arc certain parts 
ol this countrs’ where goitre incidence is 
high. The foothills of the ffimalayds, north¬ 
ern V. P. and Bihar, Assam and some parts 


of Maharashtra and (Jujarat have nearly liO 
per cent of the population with goitres 
According to one estimate nearly 170 mil¬ 
lion persons in these areas are exposed to. 
the risk of getting a goitre A recent study 
shows that nearly three per cent of the 
offspring in this area show evidence of 
thyroid hormone deficiency 

What would these children suffer hom^ 

They would develop into what we call ere 
tins They will be mentally retarded and 
their growth would he stunted The worst 
pait of this tragedy is that it can be 
prevented. It the mother is given adequate 
supplements of iodine in her diet during 
pregnancy or it the child is givcMi thvroid 
hormone supplements as medications soon 
atlei birth, there would not be anv cretins 
in the endemic areas 

So goitre IS a national piohlcm. even a 
nutritional ptohJem to some extent Hut 
vv/iv Lan't the population get enough iodine 
m their diet^ 

Man obtain.s his necessary dietary intake 
from food and from drinking water The 
iodine content m food and water depends 
ciiticallv on Its content in the soil, in the 
endemic zones, the soil and water arc 
devoid ot iodides Moods which arc riclKst 
in iodine arc the sea-foods, while smaller 
amounts of iodine are lound in eggs, meat, 
milk and cereals Iodine content in vegel- 
able^, fruits and milk depends indirecth on 
the iodide content ol the soil 

As I am a vegetarian. I have lew souiLes 
ol iodine How much do / need to take da tig? 

About 100 to 150 micrograms of daily 
intake is recommended but at least 50 
micrograms per day may be ;ust sufficient 
to prevent the development of a goitre. A 
survey of some Bombay school children 
between the ages of 10 and 14 years showed, 
that nearly !36 per cent of the children from 
municipal schools had goitres. On the other 
hand, children coming from rich tamilies 
and studying in private schools had a goitre 
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incidence of only six per cent The nutrition 
taken by a larf^e part of our population is 
not good enouji^h to provide the necessary 
amounts of iodide 

If I want to Lake more lodtnc in my diet, 
how do I ^iupplernenl my diet'' 

In Western countries, iodised salt is avail¬ 
able. which can be used in place of common 
cookin{{ salt. In India too there is an 
attempt to make some iodised salt avail¬ 
able III endemic aieas In certain countries, 
where the lodcsed salt is not available, 
iodised oil injections have been found to be 
highly effective. However, in your case. 1 
don't suspect iodine deficiency- 

There may be many other reasons for 
goitres, such as certain genetic defects 
interfering with the .synthesis of Ihyioid 
hormones, the presence ol some unidenti¬ 
fied factor m the diet producing similar 
interlerence. and a tvpe of disease known as 
an auto-immine disorder m which the 
body's own detence median ism turns 
against itself 

What will you advise me to do now' 

1 shall like to carry out .some investiga¬ 
tions before I decide about vour treatment 
I .shall like to take a thyroid scan 
IS ihat^ 

You will be given a small, sale amount oi 
a radioactive substance which \s either 
iodine or a chemical behaving like iodine 
This suh.stance goes to the thyroid gland 
and the mapping of its di.stribution in the 
gland by an electronic m.strument pioduces 
an image of the gland. This image shows 
the functional integrity of the different 
regions of the thyroid gland. If there is any 
focal functional defect in your goitre it 
would be visualised in this image. 

Suppase you find a focal defect in one 
part of the thyroid, what would you do' 

In your case 1 don't expect any such 
abnormality as on palpation I don't feel any 
focal nodularity nr difference in the consis¬ 
tency in your gland. If there is a focal 


detect, I would have to consider the possi 
bihty of a thvroid cancer. 

If anybody has to have cancer. 1 would .say 
that It would be better to have thyroid 
cancer, which in must cases is totally 
curable Another thing that I would like to 
find out about vour goitre is the way your 
thyroid gland functions now 
Why should it he dhnormaP 
Your thyroid gland is enlarged, which 
means that it is trying to cope with extra 
work If there is ineffective hormone pro¬ 
duction. it would mean that, although 
enlarged in size, it does not produce 
enough hormones for vour needs. You 
would then, have symptoms of thyroid 
deficiency Tlie other possibility is that the 
gland IS really overworking and overproduc¬ 
ing the hormones This would result m 
the symptnms'ol thyroid hormone e.xcess or 
what wc call, a toxic goitre, a sort of being 
intoxicated with an excess of vour own 
thvroid hormones 

Do / hare a defu terntf or an ext ess 
First fell me a few things Have there 
been any change.^ in Vf)ur weight, appetite 
and bowel habits-' 

.Vo \tme at all I don t feel tned, 
lethurcjic or slowed down either 

You don't '^eein to have anv symptoms of 
thvroid hormone defieiencv 

Then. I must he suffenii}* ftnm an t \ce.ss 
ot thyroid hormones 
No I don't think so In the hyper thyroid 
slate, you would lo.se weight, be riervous 
and anxious, would get palpitations and 
would he losing weight in spite of a 
ravenous appetite. 

Some patients with oveiactive toxic 
goitre develop bulging or protruding 
eyeballs. They als(» get fine tremors in their 
hands. 

Since there are no symptoms of thvioid 
hormone excess oi rece.ssion, I assume that 
I have normal thyroid function. 

Yes, 1 think so. We can confirm this by a 


simple test which involves taking your 
blood .sample and estimating the levels of 
thvroid hormones in your blood 

/s' that easy' Will it he very expensive? 
The levels of thyroid hormones in the 
blood IS measured hv a method called 
radioimrnunoa.s.say. Bv the same method, ' 
we can also measure the levels of the 
pituitarv' hormones which exercise a con- . 
trolling influence on the thyroid gland. 

Would that expose me to ladioactivity? 
In mdicammunoassavs. a radioactive sub* ' 
stance is mixed with your blood in a test • 
tube, but there is no administration of a „ 
ladiuactive .substance to the patient. 

There is nothing to he afraid of. There are 
manv thyroid function tests where small 
amounts of radioiodinc are u.sed hut m 
trace amounts Most of the radioisotopes do 
not have deleter lous elfeLls In vour case 
(here is no need tor anv of these tests. 
Then what tieatment should I take^ 

You .seem to have whaf we call a .simple 
non-to\ic goitre with normal thyroid func¬ 
tion If it IS cosmeliidity mg vpry critical, 
lliere is no need to remove surgically small 
and moderate-sized goitres 
/hit what it the qoiUe increases^ 

I shall call you for an examination every 
three months If I find that your goitre is 
increasing in si/e, voii will have to take 
.some thyroid hormone tablets 
Then I'll tfr/ thvitiid excess' 

No Not with (he proper do.se Synthetic 
thyroid homiones are also available com- 
meiLially II you take v»»Lir normal require¬ 
ments of the.se hormones by way ol synthe¬ 
tic thvroid pills, vour fhvnrid would not 
have (o woik excessively When it gcLs 
something reidv made, it doe.s not have to 
work hard to produce it and so starts 
shrinking graduallx 

Dottoi, please tell int what would you 
have done it I had thyroid oveiactivitv 
The line of treatment would then have 
h'*en coinpleleK difteien! I could have 
advi.sed rcm<»\’al ol v<‘Lir thvroid In suigerx* 
or I could have .ihl.dcd it by giving a 
Mifficientlv hiph clo.se radioiodine Both 
Ihi-.se methods are irrexeisible and the 
oilending thyroid is partly destroyed to curb 
its undesirtible oveiactivitv In manv cases, 

] lUSt might u.se anti-thvroid drugs to 
«.ontrol till acTivitx of (he tiryioid gland 
And It I have thyioid denciency. you 
would have recommended oral dnse^ of 
thyroid hormone:* 

Kxacdv 

R. I). C^anatra 

t)i liunaha is Head,Raduitum ^fedn me (ivi/re. 

Purcl. Hmnbitu. 
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Nickel 

an essential micronutrient 



Nickel toxicity induces chlorosis resembling that of iron deficiency. 
Picture shows iron deficiency in cotton and safflower 


P IAM'rS require'about 15 to 2li mineral 
elenieiilb for normal growth iind Utr 
completion of their life cyek-s With the 
identification of a mere ten eieinenls by J 
Sachs in IKbO. the list elements essential 
for plants has been evei incieasmg Today, 
about 20 of these are experimentally proved 
to be required by a number of crop plants 
Further it was Sachs who had riiutinely 
.included 0 5 i>m oi sodium thloride <n<iLI) 
in his nutrient medium, not knowings then 
that sodium and chlorine were needed by 
plants. 

The disvoveiies of additional elements as 
growth factors tiie lai(>elv due to the use of 
well-relined techniques including the plas¬ 
ma-emission spictrography lot analysis of 
salt.s. These leduiiques have helped to 
identify many more elements like alumi¬ 
nium. broinme. cobalt, chromium, iodine, 
silicon, selenium and titanium. Interestin^^- 
Iv. the innuence o! tilaninin on chlorophyll 
.syntliesis was ivoided as early as 191 1 and 
It remained in oblivion for manv years 
Most ol these elements function as to 
factors in cn/.vme reactions, and are genet- 
allv tequiied in amounts as low as (i on] per 
cent ot pcirts per hillion. higlier amounts 
proving to be toxic 

Nitkel I', an element consideicd Ifi he 
poisonous to plants even at 10 parts per 
million (ppml. highei conctMitralions ol 1.50 
ppm stopped the giowlh of tomato plants 
fiigh amounts of nickel are also known to 
be to'k lo oats, letluee and t.ihbage This 
elemenl is ilnseK lelated to tohall. holh in 
Its chenikal and phvsiologktil pioperties Jl 
readily loinis ihetates and thus can efiei 
tieelv leplate olhei heavv metals uom the 
physiologically importanl centres Further 
more, nukel (oxicity gives rise to syrnp 
toms of chloiosis. ulieu* tin re is hlaiuhing 
of tiu grien i^aits ol a plant, espeiiallv tor 
want (»l lion 

'*'he heneficial ellecis of imkel m low 
comentrations were indk.ilcd as early as rn 
19 111 , when W A Roach and C Haiclay 
obtain! d sipnilicaril vkid iiiciease |olli>wing 
nickel In Hops Now. (In e\pen 

menls dtstiiK'd bv hand Kskeu .irid liis 
colleagues l.Si/i /kC 222. t)‘J I) ha\«* shown 
(hat nickel at I nph inucdsed (he utilisation 
of mlioeyii U\ a ligiimirmus plant, soya 
hi a!' /(.7u'/n hum kacK ol iliis lUment 
leads In the •li\elopnient ol loiiar lesions 
These li.ive hti'ii .m.ilvsed and Ituind l<' 
C(»r^in high amounts «>i uiea I he aitivite 
of thi uie.ise en/yme vlnch bieaks d«>wn 
urea is also enhanced he nickel at 1(1 ppb. 
However, an actumulalion o. nickel lo 
about b.J/ nanograi'is per gm of seed 


following nickel treatment as .shown in the 
present research, raises the question 
whelhei its aciiimulation in biological 
systems through the food chain could 
create health liazauis Seknium, Iitamum 
and cadmium toxicity to living organisms 
has been well iccorded in the Iasi lew years 
In a tckeiil review on the biologual 
significance of nickel it is icported that the 
iiieides (alLinloin and allantoic and) are the 
maioi foims ol nitrogen IranslocMled lr(nn 
nodulated roots lo tIu' tops ot soval>ean 
plant NicKIe is required, fherelore, <or 
leguminous plants which haiisport large 
(inioijrils lit iiitriigen Irrini roots to tops vm 


S rii'MiSis of lire .N'alioir.il tleophvsual 
Res^ciri.li Inslilule, M\derahad. f»rs 
Negi and liwari. have bioiighi out an 
intiresting mrrelation between the various 
pellodkflics ol gal.iclk motion ot (he solar 
system and the reversal perrodicities of the 
geomagrietu held {(•cophit\iCiil Rc^ctnth 
UtfeTii, Vol. 10, 7i:i) The Earth's magne¬ 
tic field vanes in geometrv and strength on 


urcMde compounds In this connection, 
knowledge of the medlar isms ot absorption 
and sites of accumulation of nickel in 
different plant parts would be useful in the 
regulation of supply of nickel to an opti¬ 
mum level to plants. Foliar supply ol 
quantities less than 1 ppb may prove to be 
adequate enough tor enhancing urease 
activity and nitrogen ulilr-ation in legumi 
nous crop plants 

S. Kannan 

ih fuitinitti hk'uds the ^tincHil Html .\tjfntin.} 
Scctfan of th* litolof/i/ find U/tuulfurc iht tstnn. 
/.‘I'V /injnhiiu 


all time scales from 10 lo in'* years. There 
may be variations on time scale.s shorter 
than 10 years, but these are completely 
screened off by the lowermost part of the 
mantle from reaching the surface of the 
Earth. Negi and Tiwari have investigated 
the long-term variations covering a period 
of about 50 to 285 million years. 

The sfudv uses the world-wide 


Geomagnetic reversals and 
galactic motions of the solar system 
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paleomaijnetic data of McElhinny covennf^ 
ttie period extending back to 570 million 
years. Though this data-set has been analy¬ 
sed earlier, present work is significant 
as the technique of identifying the reversal 
periodicitie.s is more realistic. Karlier stu¬ 
dies had used either the method of 'fast 
fourier transform’ or the 'maximum entropy’ 
method. In both, the approximating func¬ 
tion IS a sinusoid It is known that the 
actual reversal lime of the Earth's magnetic 
field IS much .shorter (- a lew thousand 
years) than the time of reversals 

The authors rightIv argue that this cla.ss 
of changes arc more abrupt like the tele¬ 
graph signals and they should he expanded 
in terms of Wal.sh functions The Walsh 
Spectra exhibited peaks centred around 
285, 114, 64, 47 and 34 million years. To 
check Iht slationaiy hehavioui ol the lever- 
sal sequence, they carried similar spectral 
analysis hy dividing the entire series into 
two parts spanning tlie period (0 to 285 and 
285 to 570 million years). The results 
confirmed the .statistical .signilicance of the 
identified peaks 

Earlier in 1%9. Cram and Ins co¬ 
workers have correlated the long time 
reversal peiiodicities witli the period of 
revolution of Milky way galaxy. The max¬ 
imum spectral power found for 285 mil¬ 
lion years coincides with the peiiod of 280 
million years of complete levolution ul the 


Phonokinetic effect in 

R ecently, an ai*iustic analogue ol 
photoelectric effect ha.s been repoited 
by M. J. Baird and his colleagues {Nature 
304 1983) They have shown that a phonon 
or a sound quantum in liquid helium (Tie) 
with energy greater than the binding enei- 
gy of a helium atom, propagates to the free 
sutface where it is eitliei reflected or gives 
dll it.s energy to an atom on the surface 
This energy i.s used by the atom, partly to 
overcome the binding forces and tfie rest is 
carried away a.s rts kinetic energy 

In liquid helium at 2'K the thermal de 
Broglie wavelength of the atoms is compar¬ 
able with the interatomic distance, im¬ 
plying that it IS a quantum liquid. It 
remains so down to the absolute zero of 
temperature. In such cases, one should not 
consider the motion and states of separate 
atoms, but quantum states of the whole 
system of inteiacting atoms. According to 
quantum mechanics, a system of particles 


A remarkable correlation between the 
geomagnetic reversals and the galactic 
motion of the solar system has been 
established from existing data 


solar system around the Milky way galactic 
centre. The galactnceniric radial motion of 
the Sun has a 12(1 million year periodicity 
and this may correspond to (he 111 million 
year peaks in the W’alsh spectium Solar 
oscillation in and outside the othital plane 
has a period of ahoul 10 million years 
corresponding to the 47 million year 
periodicity in the rever.se proce.ss 
Through these associations a remarkable 
correlation between the geomagnetic rever¬ 
sals and the galactic motion of the solar 
system has been brought out. Negi and 
Tiwari mention that physical mechanism of 
such association is not possible at this 
stage. Fluctuations of the geodynamo in a 
period of ID* to lO” years have been 
predicted, due to the variability of mantle 
convection. It would be an interesting and 
challenging exercise to find now the cau.sal 
link If we believe that the primary driving 
mechanism of the geodynamo is the gravi¬ 
tational energy, one possibility then would 
be lo look (or an a.ssociation through the 
changes in gravitational energy An unifica¬ 
tion of geophysics and astrophysics may 
thus follow in a unique way. 

Bhlsham Prasad Singh 

Dt Singh i\ with the Indian Imtitute nf Geomag 
rietism, Colaha, Bombay 


liquid helium 

with aihitrary interactions can be looked 
upon as a set of distinct elementary excita 
tions if the excitation energy is low The 
function which i elates the eneigy r)( these 
excitations to their momentum is called the 
energy spectium or (he di.spersion cur\'e 
Thcdispeision curve lor is shr»wn in the 



Dhpenioa curve of liquid helium 


figure. At low values of momenta, we see 
long wave length density excitations which 
are obviously the longitudinal sound waves. 
Phonons are the corresponding elementary . 
excitations. The elementary excitations 
whose energies lie near the minimum of the 
dispersion curve are called rotons and do 
not have to be considered here. 

According to the authors these two 
factors helped them in demonstrating this • 
experiment. Firstly, it liquid helium is 
cooled to a (emperalure below 0.I"K. the 
number of thermally excited phunon.s is so . 
small that scattering from them is negligi-, 
ble. A phonon emitted into this cold liquid 
propagates until it c'lthei spontaneously 
decays or reaches an interlace Its mean free 
path (>.) IS limited hy spontaneous decay 
and IS a strong function ot the energy of the 
phonon. However, at energies higher than ' 
9.5"K, the dispersion curve is convex 
upwards and, therefore, (he noimal decay 
involving conservation of energy and 
momentum &s no longer possible Hence, 
there is a range of pfiunons with energy 
between 9..5''K and 14"K which have enough 
energy to desoib a surface atom and have a 
long mean free path in the liquid 

Secondly, to show that it involves a single 
phonon excitation and a single atom in a 
one-to-one process requires the measure¬ 
ment ol the energy of the incident phonon 
beam and the kinetic energy ot the liberated 
atom To do (his, (hey have u.sed the 
dependence of group velocities on the 
energy of (he phonon and atom which are 
known fioni neiition scattering experi¬ 
ments in liquid helium. In the expeiiment, 
a pulse ot phonons is iniected into the 
liquid by (he healer and is colliiiiated into a 
beam directed .it the liquid vacuum inter¬ 
lace. Aloii's liberated at the sin lace travel 
through the vat iium to a bolometer which 
detects them The time ot Higlil of these 
liberated atoms can be caliulafed from the 
JispersHtn cur\’e 

Tfie authors have obtained good agree¬ 
ment between the tlieorj and (he expcri 
menl Tfie results have al.so been checked 
hy adding He atoms l(» (he pine ‘He. fiom 
which they can inlei tiie binding energy tor 
He atom This agree.-^ well willi the earlier 
findings Tfius. the authors have .successful¬ 
ly established a phonokinetic analogue of 
the photoelectric etlect. 

S. Kamakrishnan 

Dr Hamaknshnan is with the Nuclear S/tectro- 
scopy Croup at the Tutu Imtitute of Fundamen- 
tat Besvurch. Bombay 
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Resources for tomorrow 


Spine of The 
Electronics Industry 


N. S. K. Prasad 


H uman ingenuity in utilising 
materials available in nature 
to synthesise new ones with 
tailored properties for speci¬ 
fic purposes has pushed civilisation 
from stone age to ‘silicon age’. Silicon 
(silex, silicis mean flint in latin) follows 
Qxygen as the most abundant element 
in the earth's crust, being present to an 
extent of 27.8 per cent. Due to its 
strong affinity for oxygen, silicon readi¬ 
ly forras silicon dioxide or silica. Hence 
it occurs in nature mo.stly as silica in 


4- 



I sand and quartz, and as a varielv of 
' inorganic .silicates. 

Silica i.s also a major con.stilucnt ol 
. gems .such a.s amcllivsl, carnelian, 

; ja.sper and onyx On combining with 
' water it impait.s iridc.sccnce to opil. It 
is al.so tuund in the leatlier.s ol birds, in 
the d.slie.s of burnt o.it.s, barley, rice 
hulls, and tobacco Keen egg .shells and 
skeletoas of marine ammaLs aie com¬ 
posed of it 

Though flints were the iir.sl imple¬ 
ments used by mankind, silicates in 
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them were pruces.sed much later for 
making glass and porcelain. With the 
advance of civilisation, naturally occurr¬ 
ing siliceous material in the form of 
sand, clays, a.sbestos. mica and vermi- 
culite have found extensive applica¬ 
tions in building construction, and also 
in petroleum, ceramic, chemical and 
other industries. Quartz occurring in 
nature has been used for long for 
stabilising the frequency of radio trans¬ 
mitters and receivers, and more recent¬ 
ly of electronic watches and clocks. 

Synthetic world of silicon 

Silicon which is a clo.se neighbour of 
carbon emulates that element in many 
respects It forms the .same type of 
crystal as diamond though the inter 
atomic forces in silicon are much 
weaker, lake catbon. silicon too forms 
a diversity of compounds, hut in the 
lealrn of inert .substances. Silicon, its 
various alloys, cermets or ceramic met¬ 
als, silicates (.soluble and insoluble), 
silicon carbide, .silicon nitride, silicon 
monoxide and a host of organo-silicon 
compounds iiave all appeared throwing 
open new avenues for industrial 
development. 

The wide worlu of silicon started 
unfolding only in the beginning of the 
centuiv .Silicon, when alloved with 
iron, as silicon steel is extensively used 
in electiic motors and transformers. /\s 
a constituent of silicon-aluminium 
alloys, it has a special use in car 
engines When fused silicon is bonded 
with finely divided ceramic particles, 
we have cermets which are extremely 
resistant to oxidation, possess higher 



thermal conductivities and thermal 
.shock resistance than the ceramics. 
Tliev are being used in high tempera¬ 
ture bearings and cutting tools. 

The development of silicon carbide 
fibres has added a new dimension to 
the area of composites suitable for high , 
temperature applications. Also, silicon 
carbide and silicon nitride have found 
numerous uses based on their out¬ 
standing properties such as, hardness, 
chemical inertne.s.s and high tempera¬ 
ture .stability. 



Francis D'sa 




Silica and Silicates lamps are all made with it. Amorphous used for bottlewashing in dairy, brew- 

Synlhetic, vitreous and amorphous silica loo finds varied uses, depending ery, and soft drink industries, the less 

silica are three different forms of the on its form and purity. As a pigment stronger ones are used in laundering, 

.same substance,silicon dioxide. Synth- and filler in paintings and coatings, as in metal degreasing, to remove oil and 

etic silica or artificial quartz, has an anti-sticking, anti-slatic. and anti- grease from floors as well as work 

already replaced natural quartz in soiling agent, as a reinforcing material surfaces. As adhesives, they are used in 

j many applications. Vitreous silica can in rubber, to improve ink retention of the manufacture of corrugated card- 

he either translucent or transparent, in paper, as a catalyst... the list seems board packaging, heat resistant paints, 

both these forms it is mostly ased in never ending. acid resistant cement and as binders in 

scientific and technical equipgienl. All silicates are built of a fundamen- the manufacture of welding rods. 

Chemical glassware ol vitreous sriica tal structural unit (Fig. 1). The soluble The syntlietic lasoluhle .Mlicaies are 

are required when high temperature silicates find their largest application as uselul tor .s.Milhe.si.sing zeolites, which 

reactions or UV photochemical reac industrial and household detergents, sene as ion exchangers in watei treat- 

lions and processes are being studied. While the strongly alkaline grades are ment and tor puiifying .sugai .syrups 

Vitreous silica is also used as thermo¬ 
couple sheaths and for protecting the 
elements of infrared heaters. The prop¬ 
erties exploited in these applications 
are. the low thermal expansion, good 
refractory qualities, high thermal re¬ 
sistance and ultraviolet transparency 
and the excellent chemical inertness of 
this form of silica. Its good UV trans- 
^ parency is the reason why lenses, 
prisms, solar cell windows, mirror 
blanks for large astronomical tele¬ 
scopes and envelopes for mercury 
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Fig. I The baeic uoff S1O4 tetnhedmn is arranged in various ways to form sHicates. 











J^2 A ailicoa chip on a human finger. A 
remote controlled toy car will have 
two tuch chips. 


and juices. These are also used as 
crackini; cafalysts in the petroleum 
industry and os adsorbents in decol¬ 
ourising tood products and mineral 
oils. 

Organo-silicon compounds in the 
torm of oiganic silicates and silicones 
have phenomenally increased the role 
of silicon m the indii.'try as well as in 
our daily life in the last fifty years. Just 
to give some examples, methyl sili¬ 
cones find wide ranging applications in 
chemical, electrical, metallurgical, 
foixl. paper, textile, leather, and several 
othei industries as emulsion.s, defoam- 
ers. dielectric fluids etc. Methyl phenyl 
silicones are u.sed as diffusion pump 
fluids in high vacuum technology. Aryl 
Silicates are used as heal transtei fluids 
in chemical proiessmg industries. 

Despite such a broad and diverse 
technologic.il b.ise, siiicun remained in 
ob,scurit\, until the element hv itsell 
revolutionised modern electronics. 

Silicon rules supreme 

The earliest use of silicon can be 
traced to the days of cat's whisker 
receivers, wtien a silicon crystal with 
point contacts (rat's whiskers) was 
used in the detection of wireless sig¬ 
nals. The silicon transistor was in¬ 
vented forty four years later, in 1950 
The silicon chip which is mainly re¬ 
sponsible for revolutionising the device 
technology, and for ushering in of the 
silicon age. appeared in 19^. 

Why does silicon rule supreme 
among the semiconducting materials> 
The importance of silicon as tlie prim¬ 
ary material for the electronics indus- 



This silicon gas chromatograph, micro- 
machined from a silicon wafer can sU on a 
palm. 


try stems from, the abundance of its 
raw material in nature, the high tem¬ 
perature stability of its devices, the 
possibility of covering it with a stable 
oxide layer which can be removed by 
simple chemical etching processes and 
its adaptability to miniaturisation and 
microminiaturisation. 

In the last two and a half decades 
silicon in the form of devices has been 
playing a dominant role in fields as 
diverse as transportation, medicine, 
engineering communication, domestic 
appliances and also entertainment. 
The importance of silicon as the raw 
material for electronics industry has 
resulted in a phenomenal rise in its 
production (Fig. .')). 

Ilowev'er, there are other potential 



Fig.3 PotysUicon production in Western 
hemisphere and Japan. 

uses of silicon which are much less 
publicised. The techniques that have 
made miniaturLsed electronic devices 
possible ate also being employed to 
make compact mechanical devices. The 
mechanical properties of silicon single 
crystal such as its liardness. ability to 
cleave, resistance to stress have proved 


micro machining a reality. A gas chro¬ 
matograph which is so small that it can 
easily fit into a palm is shown in Fig. 2. 

Silicon was first isolated in 1817 by 
the German chemist Berzelius. He re¬ 
duced potassium silicofluoride with 
potassium metal. In 1854, Sainte Claire 
Deville obtained a silicon crystal in a; 
higher degree of purity by crystallisini^ 
it f^rom a solution, in molten alumi¬ 
nium. Since then its extraction and 
purification has become considerably 
important with its growing use for 
alloying, in semiconductor devices, for 
the manufacture of silicones and for 
cermets. 

Ultra-pure silicon 

Commercially, silicon of 9<>-98 per 
cent purity is obtained by reducing silica 
with coke in an electric furnace, at a 
temperature of 1770 degrees Kelvin. 
Thi.s is aptly termed ‘Metallurgic 
Grade' silicon as its major application 
IS in the steel and aluminium indus¬ 
tries. The total world production of 
silicon IS close to two million tons per 
year. Out of thi.<i. metallurgical grade 
amounts to three quarters of a million 
tons. With the increasing demand for 
solar cells the annual requirement of 
metallurgical grade silicon will be sub¬ 
stantially higher by the turn of the 
century. At present the steel and alumi¬ 
nium industries consume 94.5 per 
cent, of this grade. Of the remaining. 5 
per cent is used up by the silicones 
industry leaving a meagre 0.5 per cent 
to satisfy the needs of the semiconduc¬ 
tor industry. The cost of metallurgical 
grade silicon in the global market is US 
$1 to $2 per kg. 

However, the silicon used in the 
semiconductor industry needs to be 
extremely pure. Even minute quanti¬ 
ties of certain impurities can affect 
drastically its electrical properties. The 
limits of tolerability vary depending on 
the impurity. For boron and phosphor¬ 
us the limit is one part per billion. This 
level of contamination is comparable 
with a single small stone present in 10 
tons of rice. The limit for carbon and 
oxygen are 0.5 and 1 to 10 parts per 
million respectively. 

Estimates for the installed produc- 
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^*The demand growth is continuing and 
is expected to continue for decades to 
come’ 


tion capacities for semiconductor grade 
silicon are in the range 4000-5000 
metric tons per year excluding the East 
European countries and China. The 
market price of the material which was 
more than 100 US dollars per kg in 
1962 at current dollar value has come 
Idown to almost half the value in 
V982-83, depending on the tonnage. 
Prom 1976 to 1979 the world annual 
usage of silicon in semiconductor de¬ 
vices more than doubled from US 
$6,000 to US $13,000 million. The 
demand growth is continuing and is 
expected to continue for decades to 
come. 

Semiconductor grade silicon cannot 
be obtained from metallurgical grade 
by physical methods alone. Chemical 
purification therefore, becomes a 
necessity. The technology for obtaining 
y ultra-pure silicon has evolved over 
^/hnany decade.s and many intricate 
aspects of it arc closely guarded secrets. 

Chemical processing of metallurgic¬ 
al grade silicon started with purifica¬ 
tion by leaching, ot the powdered 
material with various acids. The silicon 
powder thus obtained was 99.99 per 
cent pure and was essentially used fur 
microwave diude.s. 

The present method however con¬ 
sists in .synthesising a suitable interme¬ 
diate such as silicon tetrachloride, 


trichlonisilane, or monosilane to begin 
with. The intermediate is then purified 
to the desired level and the pure 
intermediate is then converted to 
elemental silicon. 

The purity levels desired in the 
silicon product has necessitated evolu¬ 
tionary changes in the design and 
construction of polysilicon deposition 
reactors. It is also the case with the 
choice of the substrate material u.sed 
for silicon deposition from its interme¬ 
diate. The ultimate success in this 
effort was due to the development of 
silicon slim rods to serve as deposition 
substrates. The substrate could now be 
heated electrically, keeping the silicon 
product out of contact with the reactor 
vessel material, thus minimising con¬ 
tamination. 

Siemens process 

Silicon technology developed in the 
initial stages parallel to that of germa¬ 
nium, the pioneer material of semicon¬ 
ductor technology. But silicon dioxide 
or silica cannot be directly reduced, 
unlike germanium dioxide. When 
metallic reducing agents such as zinc 
are used for reducing silicon tetrach¬ 
loride there are limitations on the 
ultimate purity of the product 
obtained. If instead hydrogen were 
used, the yields are poor. 



Silicon- 
bridge 
silicon- 
slimrod 
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p, Silicon 
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Trichlorosilane + Hydrogen 


ng.4 The deposition factor when polysi- 
lieon Is produced by the decomposi¬ 
tion of trlchlorosilane. 


Fig.S Pidysillcon rod from a deposition 
reactor 



Du Pont, USA were the first to try 
out a large scale preparation of high 
purity silicon by zinc reduction pro¬ 
cess. They undertook to produce a 
thousand pounds of pure silicon for 
Bell telephone laboratories in 1952. 
Since the purity of the product was 
only 99.99 percent, they switched over 
to the monosilane route. In this pro¬ 
cess silicon tetrachloride gets con¬ 
verted to monosilane (S 1 H 4 ), on react¬ 
ing with Lithium Aluminum Hydride. 
This reaction needs to be carried out in 
an ether medium. Unfortunately, an 
explosion at the Du Pont factory 
brought this effort to an end. An* 
accidental Are in the ether medium, 
aggravated by the explosive nature of 
monosilane was the cause of the dis¬ 
aster. 

Then the entire cour.se of silicon 
technology changed. At present ninety- 
nine percent of the global production 
of semiconductor grade silicon is based 
on what is cailed Siemens Process. This 
process was developed by Siemens. 
West Germany during 1953-56. 

The process u.ses as raw mateiral the 
readily available trichlorosilane which 
i.s a major silicon intermediate for the 
silicone industry. The trichlorosilane is 
synthesised by reacting metallurigical 
grade silicon at 250-300''C with anhyd¬ 
rous hydrogen chloride gas, condensed 
from vapour pha.se to liquid phase, 
puriAed to semiconductor grade by 
distillation and then decomposed to 
elemental silicon by reduction with 
hydrogen at 1000-1 lOOT on siheon 
filaments heated electrically in a Sie¬ 
mens type rod reactor (Fig. 4). The 
polysilicon deposited in U-form in such 
a reactor is shown in Fig. 5. The 
highest purity silicon obtained this way 
contains 0.03 and 0 2 parts per billion 
of boron and phosphorus respectively. 
The favourable balancing factors in the 
manufacture, purification, handling 
and chemical reduction of trichlorosi- 
lane are responsible for the wide use of 
the Siemens process in spite of its high 
energy consumption relatively low effi¬ 
ciency and large quantities of undesir¬ 
able silicon tetrachloride byproduct. 

Semiconductor devices depend not 
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Semiconductor grade will continue to 
support solar cell technology for some 
more years to come 


only on the purity but also on the 
perfection of silicon crystals. Silicon 
success story owes much to the techni¬ 
ques of growing large and perfect 
single crystals. Czochralski method 
and float zone method are two such 
techniques often used for growing crys¬ 
tals of diameter 15 to 10 cms respec¬ 
tively. Techniques to grow silicon webs 
and ribbons to reduce cost in solar ceils 
fabrication are also being developed. 

Solar cells 

The energy crisis of the 1970s trig¬ 
gered by the soaring oil prices forced a 
fresh thinking on alternative energy 
sources. The direct conversion of solar 
energy to electrical energy turned out 
to be a major alternative. Silicon solar 
cell which was already developed essen¬ 
tially for space applications was the 
natural choice. 

The projections made for the global 
energy needs by the I urn of the century 
is almost 20 thousand billion watts. 
Even with a modest aim of generating 5 
percent of this energy with solar cells, 
we need about 2 million tons per year 
of the basic matenal silicon. This is so, 
considering the average solar silicon 
«celi to he 10 per cent efficient. 

The break-even cost of polysilicon 
for effective use in solar cells is esti¬ 
mated to be 14 US dollars per Kg at 
1980 dollar value. This cannot be met 
by the Siemens pmcess However, the 
possibility of developing an intermedi¬ 
ate graoe silicon, essentially fur solar 
cell has al.so been considered. This 
grade will lie between metallurgical 
and semiconductor grades as regards to 
its purity. .Apart from the cost and 
efficiency goals, it is important that the 
total energy involved in the production 
process be less and the energy pa\ -back 
time of the cell .satisfactory. Tlie 
pay-hacktime is defined as the length of 
time a solar cell must operate in order 
to generate a quantity ot electrical 
energy equivalent to the energy ex¬ 
pended in its making. 

Amorphous silicon 

The growth of silicon device technol¬ 
ogy is marked by miniaturi.<ation and 
microminiaturisation, reducing there- 



Fig.€ Silicon atoms (Uadt) an arranged in 
an irregular fashion In amorphma 
slllam. Hydrogen atoms (white) an 
attadud to dangling bonds. 

by active area of silicon u.sed by a single 
component. Solar photovoltaic indus¬ 
try on the other hand needs larger and 
larger active areas. Amorphous silicon, 
used in the solar cell is a material, 
made of silicon alloyed with impurities 
like hydrogen and fluorine (Fig. 6). It 
has no definite crystal structure as its 
atoms are randomly arranged. An 
advantage of amorphous silicon when 
used in solar cells is this: thinner layers 
of It are sufficient for effective photon 
absorption as compared to the much 
thicker layers needed, of crystalline 
silicon. This in effect would reduce 
silicon consumption from 20 Kg/kW by 
a factor of 2(io to .300. 

As the properties of amorphous sili¬ 
con are not fully understood it is not 
yet possible to exploit it for power 
generation on a large .scale. However, 
solar cells based on this have already 
made their way into calculators and 
other electronic gadgets used indoors. 
The deterioration of amorphous silicon 
solar cells in direct sunlight is a factor 
which has so far restricted its use for 
indoor purposes only. 
A maior application foreseen for amor¬ 
phous silicon is in the drums of photo¬ 
copiers, where currently selenium is 
being used. Other possible uses are in 
opticai sensors, image sensors and as 
image orthicon elements. The theore¬ 
tical (maximum possible from calcula¬ 
tions) efficiency of amorphous silicon 
solar cell is estimated to be 24 per cent. 


Practical efficiencies attained are 6 to 
9.5 per cent, depending on the cell size. 

In the coming years, amorphous 
silicon may bring about revolutionary 
changes in solar cell technology in a 
manner analogous to microelectronics 
in the field of modern electronics. 

Silicon scene in India ^ 

Electronics infrastructure in India 
has been growing without an adequate 
base in the vitally important material, 
silicon. Commercially, though Mettur 
Chemicals have embarked on the com¬ 
mercial production of semiconductor 
grade polysilicon, material of the de¬ 
sired quality is yet to be marketed. As 
regards single crystal products, in- 
hou.se facilities fur a limited production 
exist at BEL. Bangalore; KCIL. Hyder¬ 
abad; BiiEi.. Bangalore and cel. Sahiba- 
bad. Siltronics. Bangalore and Super 
Semiconductors Ltd, Calcutta have re¬ 
cently .set up manufacturing facilities 
for single crystal products, on a com¬ 
mercial basis. With the setting up of 
the Semiconductor Complex Ltd. 
Chandigarh to produce 5 million semi¬ 
conductor circuits both LSI and VLSI, 
and the approval of the National Solar 
Photovoltaic Demonstration (NASPEDi 
programme by the Government with 
an outlay of Rs. 12 crores over .5 years, 
a new picture has emerged. The .naspeo 
to be implemented by Central Elcctro- 
nic.s Ltd (CEL) aims at producing 1 
megawatt equivalent of solar photovol¬ 
taic cells per year by 1985-8B. The 
solar cell requirement for the nation's 
satellite programme planned by the 
Department of Space are also expected 
to rise. 

Against this background, a proposal 
fur the setting up of a National Silicon 
Facility (NSF) as a centre to be run by 
the Department of Electronics was 
initiated by the Government in Novem¬ 
ber 1981. The task force set up for the 
purpose has submitted its recommen¬ 
dations to the government for the 
.setting up of a polysilicon production 
facility to meet the country's silicon 
needs till 1990. 

Dr. Prasad k Head. Siheon ^ *S///Vfif7 Inducts 
Section, Uranium Extraction Division, HAHC 
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thB little giant 

P-600L 

Eleitronic Recorder frem It 
with lie recording points 
in 100 mm chnrt 


Instrumentation Limited, the acknowledged leader in instrumentation, 
now offer P-600L .Series of Eiectronic Recorders, Some of its exclusive features are:- 

• Compact electronic multipoint recorder with 100 mm writing width. 

• Three or six dotted records in different colours. 

# Optional alarm or control, state of control indicated by LEOs. 

• Robust 144mm square case. • And it is from IL. 

Now do you need more reasons to decide in favour of P-600 L ? 



Write today for further details to: 


General Manager (Marketing) 

INSTRUMENTATION Instrumentation Limited 


Chiranjiv Tower, 9th floor 
4) Nehru Place, New Delhi 110019 
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WOMEN AND 



TSS—THE TAMPON SYNDROME 


Tampons are small, handy 
.and highly absorbent, but 
beware! They can lead to 

• problems. 

f^*piNA had finally dcmt: il’ She had made 
1 the swimmiii)^ U*am' She ni.shed home, 

I ran to the frid{>e and ^idped down a f<las.s of 
oranfte juice to soothe her achin>| throat. 

;'Suddenly a shiver shook her healthy frame 
By ni^tfall, Tina’s ecstasy had turned to 
pure inisery. Fever clouded her senses while 
diarrhoea and vomiting weakened her still 
^ further. By 11 p.m. she was rushed to 
hospital, .straight' to the intensive care 
section. Her cnndititin was bad -her blood 
pressure dropped, her body broke out into 
, an ugly rash It was totally inexplicable 
^ What was the matter with this normal, 
.healthy teenager^ Soon she became dis< 

' oriented, irritable and screamed in agony at 
the slightest touch. 

. Tfie nurse, while preparing her foi the 
emergency room, found a tampon in place 
/and removed it. .Tina .slowly began to 
' recover. Within lour days she was out of the 

• intensive uaie section, and within a week 
•she was well enough to go home. Two 
weeks later, the skin from the paifns of her 
hands, soles ol her feet, and even her face, 
began to peel »»tf in layers and soon she was 
back to normal Tina was a victim of 'toxic 
shock syndrome’ 

'loxK shock syndiome or rss. as the 
above disease'sympt»»ms arc usually known, 
is almost exclusively seen in women during 
their menstiual pciiod Ttie vast majorilv of 
the cases occur in women, who use tam¬ 
pons Tampons aie especially designed to 
ab.sorh meii.strual bb>od flow They differ 
from sanitaiv pads oi napkins in that thev 
can be iiiM tfed internallv into the Viigina 
Since Limpnris rue a relalivelv lecenl intro 
< ducMon into I lie market, the question 
natiirallv aiiM's Is toxic shock syndrome a 
receni pheiMunenon"’^ 

' It is dilruuil 1(1 answer Mensirn.ition is 
‘‘ as old as uxMiicn. in tail, it aKo occurs in 
^ther mamrTiais such as dogs and rats 
Through the women have tried to 

■ devise wavs ami means ot dealing with the 
!''curse’. whieti lesliuled their nioveincnts 
=.^,and in certain inlinres even isolated them 
^■'from the mainstream ot life In prehistoric 
f/times. women used baik. leaves and lihies 
deal with menstiual flow Perhaps the.se 
J;..pfactices are still prevMieiil among certain 
trtbals in various pails ot the world In 
•/' 90 rne traditional .societies women ii.sed 
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strips of linen and other home-made de¬ 
vices of cotton and fabrics, to collect 
menstrua! flow. 

The desire to lead a normal, active life, 
even while menstruating, probably promp¬ 
ted the development of the tampon and 
other interiidl insertions to collect blood 
flow. Rural wirmen. in certain parts ol 
India, have been using pieces of linen \ 
inserted internally You may ask, about the * 
incidence of T.ss in these women Though 
TSS IS unheard of among them, we are aware 
of the high rate of mortality and the high 
incidence of different urinogcnital disease.s 
among these women. Their socio-economic 
conditions, combined with the near un¬ 
availability of medical help and the illiteracy 
prevailing in these areas makes the detec¬ 
tion of this di.sease difficult, if not near 
impossible. 

Tampons were lir.st marketed in the 
19.'R)'s Dr Earle Haas developed the lirst 
commercially marketed tampon, a plug ot 
lint, to save his wife the di.scomforl of 
menstrual pads Since those early davs, 
tampons have not remained simple, in¬ 
nocuous wads of compressed cotton. They 
have undergone several changes to improve 
their aKsorbency and acceptability. The 
newer tampons are made fiom super- 
ahsorhent concoctions of chemicals and 
natural and artificial materials The most 
sophisticated of the latest tampons in the 
West, consist of a sort of a tea-bag filled 
with squares of polyester sponge and super- 
ah.sorhent cellulosu particles Recent lahor- 
atorv experiment*- have revealed that 
polyurethane, an important mgiedient lot 



Sanitary pads and tMmpons. The tampon on the right is enclosed in a ptasHc container 
—applicator with teeth at its mouth 




super-absorbency used in these tampons, 
has toxic effects on the vaginas of rabbits. 
^ The association of Tss with the newer 
types of tampons is explained in various 
ways: Tampons create an ideal environment 
for bacteria to proliferate in a warm and 
enclosed vagina. The super-absorbent tam- 
pon.s are left in the vagina for longer periods 
^an other types and so become ideal 
breeding grounds for bacteria. Another 
opinion IS that, since they block the vagina, 
toxic blood seeps back into the fallopian 
tubes, peritoneum and then into the gener¬ 
al blood stream. 

What causes toxicity? 

Perhaps the carboxymethyl cellulose, an 
absorbing agent used in these tampons acts 
as a bleeding agent for the toxic strains of 
StdphvlocoLCus. Staphylococcus aureus is a 
common disease-causing bacterium, that in 
addition to TSS. causes food poisoning, 


^ijRRlSWlY fed? ef ten- 
V/pons are avatbible In fridia. Manu- 
.ftcturers of ail brands' claim that the 
tampons are soper;*absoifaent though 
details are not given about the mate¬ 
rials used in them. None of the brands 
make a mention of tss. 

Pix. ‘produced by P.H.Hira & Co, 
Bombay has been in the market for 
several years. Its tampons come in two 
.sizes: Regular for average to light flow 
and super for medium to heavy blood 
flow. The super ones are just fatter 
plugs of the same material. The con¬ 
tainer-applicators are made of hard¬ 
bound paper. Number per box: 10: 
price Rs. 8. 

Comfit, manufactured by P.S. Pro¬ 
ducts (Pvt) Ltd, Bumbay under the 
licence of Christine Hoden. has been 
recently introduced into the Indian 
market. Its size and shape is similar to 
PIX but with a lubricated cardboard 
container-applicator. The leaflet en¬ 
closed even suggests the simultaneous 
use of two tampons during heavy 


bleeding. Number per box 10; price Rs 9 

Ob, manufactured Johnson & John¬ 
son entered the market in the late 70s. 
The label on the package, claims that 
the ^'tampons are made of special 
fibres, which are woven together to 
remain intact. The compressed layers 
of highly absorbent material expand in 
width to give a snug fit". No applicator 
is provided. Number per box: 10: price 
Rs. 12. 

Menes de Paris, manufactured by Cap- 
nsons. Bombay, is a relatively recent 
introduction. Each tampon is indi¬ 
vidually sealed and has a lubricated tip 
for easy insertion. No applicator is 
provided. Number per box: 10: price 
Rs. 10.50. 

The Department of Trade. UK, has 
requested the Government's chemistry 
laboratory to analyse all sanitary pro* 
ducts, including tampons. In the West, 
though there is no restriction on the 
sale of ahy tampons, certain brands 
have been banned and on others it is 
written: Tested for TSS. 


festering wounds, boils, abscesses and in- 
^ammation of bone tissue and bone mar¬ 
row. Also artificial fibres and deodorant 
chemicals used in tampons may trigger 
allergic reactions in the users. The plastic 
teeth of applicators used to push tampons 
into the vagina, may scrape the vagina 
possibly giving rise to open wounds which 
are susceptible to infection. Toxicity may 
also be due to the super-absorbent mate¬ 
rials used in tampons. These materials may 
cause dryness of the vagina, thus making it 
more vulnerable to infection and ulcera 
tion. 

According to De.smund Bluett, a British 
gynaecologist, the use of tight underwear, 
made of synthetic fibres, seals oil oxygen 
iiom the vagina This creates conditions in 
which the potentially harmful bacteria 
develop and TSS results. Other researchers 
are of the opinion that the use of oral 
contraceptives, like the pill, results in 
decreased vaginal secretions. This makes 
vaginal cleansing less etficient and conse 
quently the vagina becomes a breeding 
ground for various types of bacteria, some 
of which may be harmful. Intrautenne 
contraceptive devices like the loop and the 
copper T’ may also caase internal infec¬ 
tions which flare up when tampons are 
used. Bad quality tampons too. may in- 
crea.se' the users' susceptibility to tss 
Though toxic shock syndrome is a.ssociated 
with tampons, tampons themselves do not 
cause TSS 

ss^ dUease 

TSS has been recognised only recently as a 
disease. It was first described in 1978, by 


the Colorado paediatrician James Todd. 
Since then 70 American women have died 
allegedly due to tss, about 800 are reported 
to have suffered serious side effects Kew 
cases have been reported outside the US 
though about a dozen cases have been 
reported in Britain. So far no cases ot iss 
have been reccjrded in India. 

There could be many reasons lor this 
Though pelvic innairirnaLoo' disease and 
di.sorders of the urogenital tract are quite 
common m our countiy. their association 
with the use ol tampons htis not been 
looked for. Secondly the limitations and 
inadequacy of our health care system makes 
It difficult. If not irniuissihle fur doctors to 
locate and tend to these cases let alone 
document them. Thirdly, super-absorbent 
varieties of tampons are not widely available 
in India and consequently the incidence of 
iss may be low 

Symptoms of tss 

The symptoms ot tss are similar to those 
seen in other septic infections caused by the 
bacteria staphylococci. They include the 
onset of fever, vomiting, diarrhoea, rash 
formation, sore throat, coniunclivili^i. 
headache, irritability and mii.scle pains 
These .symptoms are accompanied by ahdo 
mina! tenderness and discornioit A few 
weeks after normalcy returns, the skin of 
the palms, face and soles niav peel awav in 
layers (desquamation) In severe cases, low 
blood pressure (hypotension), complica¬ 
tions of the re.spiratory system and kidnev 
failure have been reported. The Center lor 
Disease Control. Atlanta. USA, repotted 53 
cases of tss in 1980 In 51 of these cases, tss 


occurred dm mg menses. Onlv one woman, 
already had a severe septic mtectum when 
'ISS occurred. Tw<i per cent of the reported 
cases occurred among women who had 
recently given birth or who had both 
absces.se$ and septic wounds due to staphy¬ 
lococcal infection. Tss is also seen in 
women with a high incidence of S. aureus 
in their vaginas. 

The pathophysiologic basi.s for T.ss is not 
clear yet. Though TSS is caused by the 
bacterium Staphylococcus aureus, the 
<i»gamsm itself doe^i not appear m the blood 
ot ISS patients, only a toxin or poison 
secreted bv the bacteMum appeals m the 
blood ol pafient.s sutfering lioni rss It has 
been pioposed that this l(»Mn refluxes 
through the upper genital tiact. into the 
pelvic cavity and spreads the infectmn. 
Recent research from New ^oik s Korkr*eI 
ler University indicates that only thu.se 
strain', nt .s' aureus which show vital 
infection, arc ic.spunsible loi Tss 

Thi.s bungs us to the question of the 
Indian market. Currently, four varieties of 
tampons aie on sale in India .None are ot 
the supei-absorbent variety Nonetheless, it 
IS wne to follow certain basic guidelines 
when using tampons Tampons slmuld he 
changed trequentlv and pads used at night 
ft IS advi.sable to use pads when using 
intrautenne contiaccptives. When flow is 
scantv. tampons can be used Tampon use 
should be suspended if anv symptoms of iss 
are noted 

Indu Vijayakar 

Ur, (Mr.\ ) X'tjaukut is a of CynaetvloQy 

and Obstetrics at the Grant Meduat College, 
Bombay. 
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FUN WITH MATHS 



Repeating 

series 

C onstruct anv digit or 4-digit num¬ 
ber sucii that the product of the first 
two digits gives the rest of ttie number: and 
then multiply the first digit with the last 
digit of the number so formed to obtain the 
second number, and so on After you 
construct a lew numbers in this manner, a 
surpri.se is in shjre tor you. The original 
number you had con.structed gets repeated 
in the series Caution' the digit zero is not 
to be used 

Consider the following senes of numbers: 


Case 1 

Case 2 

Case 3 

Case 4 

7321 

2816 

8324 

9436 

177 

6212 

4832 

6954 

717 

2612 

248 

4624 

7749 

224 

8216 

4416 

9763 

428 

6848 

6424 

.3927 

8432 

8648 

4624 

7321 

2816 

88()4 

4832 



It can be seen that if the first two digits in 
the original number are hfith odd (as in Cd.se 
1) or both even (as in case 2) the first 
number of the .senes itself is lepeated But 
if. in the fust 2 digits of the original 
number, «ine is even and the other odd, 
then a number lower down in the series is 
obtained. anU the senes lepcats itself from 
that point onwards Cases 3 and 4 illustrate 
this I( IS found that all these series repeat 
thencsolves only hoin a point where the first 


2 digits of the number concerned are both 
even or both odd. 

Some exceptional numbers like ill. 
5525. and 6636 generate series composed 
only of themselves. Numbers with more 
tfian three or four digits like 129108, 
12929.219189,21938. and so on. cannot be 
obtained again, but are at once reduced to 
3'digit or 4-digit numbers in the first step 
Itself, and the .same conditions then apply. 

In actual tact, there are 9 such series 
which repeat themselves as given below: 
1) in. in. .. (2) 5525. 552.5,... (3) 6636. 
6636... (4) 9981, 199, 919. 9981... (.5) 
4416. 6424. 4624. 4416.... (61 133, 313. 
339. 9327. 7963, 3721, 133,.. (7) 177, 717, 
7749. 9763, ,3927. 7321. 177,... (8) 224. 
428. 8432.2816, 6212.2612, 224.... and (9) 
248. 8216. 6848, 8648. 8864, 4832, 248... 

Ail 3-digit or 4-digit numbers con¬ 
structed in the above manner either can be 
found in these senes thcm.selves. or they 
lead up to one or the other of the.se 
repeating series. 

Mala Janardhan 

.s/s Janardhan is a mathematics graduate from 
the I'nircrsitg of tiombag 

Interesting properties 
of 13 

T IIK number 13. con.sidered inauspicious 
hv many, has a few mathematically 
mlere.sting properties. Some of the malhe- 
matiCci! terms like perpendicular, circum¬ 
ference. antilogaiithm, approximation, in¬ 
determinate and quadrilateral have totally 
1.1 letters in them The square of 13 and 


Pascal’s Triangle 

O NF- often encounters problems the 
an.swets to which are contained in the 
problems themselves, and can be drawn 
j)ut if one kiiow.s where to look for them. 
The well known Triangle of Pascal shown 
alongside, provides a suitable frame for 
dcmonstiuting h<iw this happens in the 
context of the problem of determining the 
sum of the squart;,vof the numbers in any 
given line of the triangle read horizontal¬ 
ly. The answers can always be found at the 
apex of the inverted triangle of which the 
line tn question is the base. 

;Example.s' 1 +:v+3 +r=20 

r+4'f6>4 -hl’^TO 



7 I 

1 8 28 56V^S6 28 8 1 

1 9 36 84 12^126 84 36 9 I 

1 10 45 120 210 252 210 120 45 10 1 


One is tempted to call this the Manchu¬ 
rian Key because the answers all lie in a 
vertical line one below the other as in a 


Chinese text. 

. A. R. Kintfa 


Mr. Kanga is a consulting enghwer based 
in Bombay. 


when It IS taken in rever.se. that is 31 are 
169 and 961 which are also in reverse order. 

In the following table three digits which 
add up to 13 are taken. The.se are then taken 
as a number and squared. When the six 
digits of the square are added together 
taking them as blocks of two digits each, 
the number obtained is 169 which is the 
square of 13. ; 

13 = 8 + 2 + 3: 823^ = 67 73 29: 67 + 73 
+ 29 = 169 = 13 . 

13 = 9 ^ 2 + 2: 922’ = 85 00 84; 85 f 00 
f 84 = 169 - 13‘. 

13 = 3 + 2 + 8: 328 = 10 75 84: 10 + 75 
+ 84 = 169 = 13- 


D. R. Kaprekar 

Mr. Kaprekar is a retired mathematics scholar 
from Deolah Camp, Nasik 

All encompassing series 

A METHOD to obtain an all encompas- 
.sing scries of right angle triangles^ 
(Pytliagoras re-visited. SCIENCE TODAY. 
September 1983) is given below. 

Let one of the perpendicular sides be 'n' 
units (n being an integer) and the other 
perpendicular side be ‘x’, the hypotenu.se 
being ‘y’. It is evident tliat n“=y- - x-. that 
is, (y+x) (y-x) = n'. 

Resolving n*’ into two factors (say p and q. 
p being greater than q), exhausting all the 
possible .sets of the two factors and .selecting 
those sets where both the factors are odd or 
even and solving the simultaneous equa¬ 
tion? y+x=p and y - q. we get. y“(p-f ql^ 
2 and x--(p-q)/2 

Let us take three examples where the 
perpendicular side is (a) 15 units (b) 16 
units (c) 19 units 

la) 15’= 225=225x1 nr 75x3 or 45x5 oi 
25x9 or 15x15. 

Omitting the last .set. we have v+x=225 or 
75 or 45 or 25 and y-x=l or 3 or 5 or 9. 
Solving the equations, we have. v=113. 39. 
25 or 17 and x=112, 36. 20 or 8. 

The .senes are 15—8—17. 15-20—25. 
15-36-39: 15-112-113. 

(b) 16‘=256 =256x1; 128x2; 64x4: 32x8 
or 16x16. Omitting the first and last sets 
and solving as above, we have the series 
16-12-20; 16-30-34; 16-63-65. 

(c) 19-=36I =361x1 or 19x19. Omitting 
the last set we have only one set yielding 
three sides as 19-180-181. 

C. G. Subramaniam 

Mr. Subramanian is a retired principal from 
Hyderabad. 
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• You name it, we have it Devices in 
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in the years to come no one 
afford to remain ignor¬ 
ant about computers and 
tibbeir working, so profound 
going to be the impact of 
Utese machines on man¬ 
kind. We present a stimulat¬ 
ing new series to draw you 
closer to the machines 


1 

S PEECH provided the first medns for 
conveying information from man to 
man. Writing, by introducing a capability of 
Monge, helped to record details for poster¬ 
ity and thus added dimensions of accuracy 
sgid reliability Though remotely located 
persons could now communicate, it was 
jl^rlnting that made possible wide dissemina 
tion of knowledge in a permanent form 
However, all these revolutions relied only 
passive media The computer is the 
met medium that can not only store 
Information, but also analyse it and make 
decisions The digital computer is, thus, 
often hailed as the fourth information 
revolution 


Impact of the Computer Revolution 

The capabilities that computers give us 
are virtually boundless Today we live in the 
computer age, and to a megor part of 
mankind, the computer is virtually 
omnipresent in everyday life On one hand, 
the monthly telephone bill or a university 
marksheet comes from a computer But it 15 
the same computei which also beats mas 
ters in chess or calculaies the value of jt to a 
million I laces Computers hnd applications 
everywhere in video games business calcu 
lations—most airline reservations arc done 
through computers (and there is talk of 
computerising railway reservations also) 
When Apollo 11 landed on the moon the 
computers had done their job well and 
when Apollo 13 failed they had still been 
programmed to take care of eventualitlts 
and ensure a safe landing 

Current trends only confirm the expecta 
tion that computers will be used more and 
more Technology is proceeding towards 
greater computer power in more varied 
applications The child of today takes elec¬ 
tricity for granted and expects, say a light 
to go on when he presses a switch This was 
a miracle only a few decades back In the 
same manner it is quite conceivable that 
computers will become a part of our 
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A «talt to a Convttttr Ctntre 

When we enter the installabon, the 
first thibg we note is that it is air- 
conditioned (electronic components 
work effiaently only at temperatures 
below 20*€). All around we see sheets 
of paper perforated on either side*- 
such continuous stationery is typical 
of computer output. The printers hold 
the paper on the perforated sides and 
automatically advance the paper after 
printing a line 

We go and sit at a user terminal As 
we switch on, a message flashes on the 
screen 

LOGIN PLEASE 

In fact, whatever we try to type on 
tlie keyboard it insistently asks us to 
‘'login" Logging in to the computer is 
a process by which one identifies 
oneself to the machine Only after 
checking that an authorised person is 
using the terminal does a computer 
allow anybody to use it For this 
purpose usually each user is given a 


puawofd, which he has to type in at 
the time of logging in. 

Once this is done, the computer 
leaves us free to do what we like—we 
see if some friend is also logged in, 
exchange messages with her, ask for 
the time, create programs, make 
the computer execute them . When 
we are in a soup, we ask for help and 
sometimes detailed guidelines are 
available while sometimes cryptic 
codes appear We look at our 
flies—the data and programmes of 
each user are kept in files in the area 
meant for that user We add informa¬ 
tion to files, edit existing ones, delete 
some 

Finally, we 'logout* and the compu¬ 
ter gives details ol how much of each 
resource we have used up on the 
machine We go to the printer station 
and collect the output of some of our 
programs and leave the centre (Each 
installation normally has one or two 
printers and manv terminals) 


everyday lives m a not very distant future 
Many sociologists feel that mankind is 
becoming too dependent on computers and 
stories abound in science fiction of compu¬ 
ters that take over the world We often hear 
the question Can crfpiputers think''' We 
will have more to say on this interesting 
subject laU» on in this series tor the 
present, let us dismiss all these notions and 
remind ourselves that the computer is only 


a machine* just like a lathe or a steam 
engine 

The Computer — Conceptual 
A computer is an information processing 
machine. It takes in some information, 
which IS called its input* analyses it and 
produces infoimation which we call its 
output Further, it also stores some of the 
information in what is referred to as its 
memory In general, the output of a compu¬ 



ter IS determined hy its input and lU 
memory The part of the computer that 
processes information is called the processor. 

The word Mwrmatton is used here in the 
broadest sense Any meaningful symbol can 
be said to have some information content. 
The input to the computer consists only of 
symbols^ some of these are interpreted as 
Instructions and the rest as data The 
processor simply carries out these instruc¬ 
tions on input data (perhaps using memory) 
and produces output results. Both data and 
instructions can be stored in the memory. 

Consider, as an example, a computer that 
has only the number 2 in its memory It 
gets the input ADD 5 TO MEMORY Here 5 
and 2 should be taken as data and ADD as 
instruction As only to be expected the 
processor would find 7 to be the answer and 
give it as output 

It the computer only interprets informa¬ 
tion and processes it, how does it handle 
different types of information Hovv can the 
sanu processor manipulate numbers as well 
as say names oi chess moves'* In fact all 
input to the computer is cetded into one 
standard form in which it is stored and 
analysed and data is output onl> after 
dvcodmq into the original foim 

For example let us code the letters 4 to 
Z b\ numbers from 1 to 26 To answer the 
question 

Which IS the tenth letter after 
we only need to find the code for J (which 
IS 10) add 10 to It and decode the result 20 
to gel the answer 

In digital computers all information is 
coded into numbers We as human beings 
find It convenient to use decimal notation 


Q WIAt is the lOTH LETTER AFTER "J"? 

A: T 


A 

B 

C 

D 

E 

1 

_ 2 _ 

3 

4 

b 





G 

H I 

_J 


7 _ 


10 

lD] 







R 

S 

L 

u 

V 

W 


Y 

Z 

7 

18 

19 

[??. 

21 

?1 

23 

[2^ 







A 





F_ 


H 



K_ 


M 


0_ 

_P 


_R 


T 

U V 

W 


X 


1 

2 

3 

4 

5 

V 

7 

8 

9 

io' 

11 

12 

13 

U 

15 

16 

17 

is 

T9 

?9. 

21 22 

23 

24 

25 

26 
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ffir numhei.s. whereas curnputer.s use bin¬ 
ary (JiiiiiLs. called bits, fur representing 
numbers. A bit can have value either 0 ur 
/. Since each bit can have two values, n 
bits tuftether can have 2" values and thus 
can represent numbers from 0 to 2' - 1 To 
Ilive an example, decimal 12 (1 x 10' + 3 x 
10 ') would be represented as 1101. i.e. (1 x 
2' + 1 X 2’ + 0 y 2' + 1 X 2') in the binary 
system ot numbers. Computer memories 
store numbers in terms of bytes, each ut 
whiih IS a i^roup of 8 bits, and words, which 
are convenient multiples of bytes. (By the 


way. how would you count upto 1023 on 
your finjtcrs?) 

If information i.s converted into numbers, 
we would expect that the processin{{ done 
by the computer would be only arithmetic- 
al. This seems disappointing when we 
consider only operations like addition, sub¬ 
traction. multiplication, division etc. But 
we can do more with numbers-—we can 
compare them and say one is greater than, 
ur less than, or equal to another. We can 
use and. or. not etc, and build complex 
logical conditions and check whether they 
ate true or not. Further, we can build 
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From * mighty micros ’ to mammoth mainframes 


Mainlrnme 

Mini 

Micro 

Sizo 

Ot cunies a large 
hall ■ 

Occupies a small 
room 

Desktop 

Cost (Hs lakhbj 

Over hO 

Around 10 

Aiound 1 

Us. 

General i Environments with 

Puipos«< 1 not many users 

Plug in's 

Personal computeis 

Typjcol 

applications 

Coninieicial, 
industiy and 
University 
<laigc data) 

Business 

Special-pui pose 

Instrumentation 
Control Systems 
Recreation 

Operating staff 

Specially trained 

Programmers 

Novices 

Design featuie 

Performance at the 
rosl nf complexity 

Heliability, 

low cost, small size 

Ruggedness, 
simplicity, low cost 


compound operations like 
IF condition is true THEN 

add 2 and 2 
ELSE 

subtract 5 from 10 

which are called conditional Instructions, 
or those like 

REPEATo<ft/5/o a: UNTILjt > 100 which 
are known as repetitive Instructions. lr\ 
general, any computer understands a fixed 
set of such instructions. A group of specific 
instructions put together is called a prog¬ 
ram. The form in which they can be put 
together is specified by a programming 
language. 

A program can be compared to a 
recipe. The data may be various ingredients 
like rice, peas etc. The recipe would be a 
sequence of instructions specifying a 
method for cooking, for example-^(add 
water to rice, boil, add peas) etc. The 
process of designing such recipes (prog¬ 
rams) IS called programming. Just as we 
follow the recipe and perform these actions , 
to produce gu/ao, the computer executes U 
the program on the given data to produce J 
output. And as a cook has a collection of 
tecipes to prepare various delicacies, a 
computer has many programs which tell it 
what to do and how to do it—these are 
collectively called its software. 

To summarise, a computer can be under- 
.stood a.s a machine which accepts programs 
and data as input and executes the prog 
rams on the given data to produce output. 

The Computer — physical 

We now have a conceptual idea of what a 
computer is. The machine itself is built 
using electronic circuitry and mechanical 
devices, which are called its hardware. For' 
example, a bit is representa^y a voltage 
level, LOW indicating U and HIGH indicat¬ 
ing 1 Changes in data are thus only setting 
various voltages. Computation is carried 
out hv circuits which examine input vol¬ 
tages and set output voltages correspond¬ 
ingly. 

Input IS generally given through 
keyboards, teletypes, punched cards, paper 
tapes etc. Output is taken on printers, video 
terminals etc. (See box on page 47 ). 
Memory is normally made of magnetic core 
or Integiated Circuits ics This is called 
primary memory. However, to store large 
quantities of data, it is more economical to 
use magnetic tapes and disks; these are 
known as secondary memory. Input/Output 
(i/O) and memory devices are collectively 
referred to as peripherals. The processor is 
also made of ics. We will study the inner 
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Peripherab 

Peripherals can be classified as 
Input. Output and Input/Output de¬ 
vices. Input devices like paper-tape 
readers and punched card readers are 
u.sed only to feed information into the 
^ computer. Card punches. Paper tape 
% punches, plotters, line printers, char¬ 
acter printers are examples of output 
devices. Among input/output devices, 
we have magnetic tapes, floppy disket¬ 
tes and hard disks, which are used for 
long-term storage, as well as text and 
graphic terminals, which do not have 
storage capability. 

Card punch/Punched-card reader: Like 
the pre.sence of holes in a bus ticket 
indicates the source and destina¬ 
tion of travel, holes in cards are 
u.sed to transmit information to or 
from the computer 
These cards are thin, stiff and contain 
^ 12 rows and 80 columns of hole- 

positions. The presence of one or 
more holes in a column represents 
the code for some character (A 
character is a letter of the alphabet, 
a digit, or a punctuation symbol ) A 
card punch takes in letters or digiLs 
from the computer and punches 
the corresponding holes on a card. 
A punched-card reader pd.sses this 
card under brushes which sense the 
holes and decode the information 
contained in the card Typically, 
card readers can read about 1.200 
^ cards/minule 

Paper tape punch/Paper tape reader: 

Paper tapes work on the same 
principle as punched cards. One 
inch wide, long ribbons of paper* 
with holes on them are wound into 
reels. Paper tapes are easv to handle, 
but arc liable to damage 

Line Printer/Character printer: Cener« 
ally known as hard-copy, a printed 
output sheet is about 60 lines long, 
each line having 132 print posi¬ 
tions. Line printers print a line at a 
time, having 132 bars or wheels 
consisting of type-faces for all char¬ 
acters, whereas character printers 
have only one such mechanism and 
move horizontally across the line 
V printing one character at a time. Of 
the latter variety, dot-matrix prin¬ 



ters dn not have a special type face 
for each character, but build each one 
using dots. Printer speeds vary be¬ 
tween 300 to 1,200 lines/minute. 

Text/Gniphic terminals: A terminal is 
a typewnter-like keyboard con¬ 
nected to a television-likc screen. 
We type in information and see 
results appearing on the screen 
Graphic terminals allow drawings 
al.so to be shown on the screen or 
input with .special 'pens’. 

Magnetic tape drives: These store or 
retrieve information from a 'magne¬ 
tic-tape* just like a cassette recorder 
records or plays music on/from a 
cassette, selectively magnetising 
the tape surface. Magnetic tapes are 
cheap and efficient, since each 2,400 
feel reel of tape contains the 
equivalent of about 50,000 punched 
cards. 

One disadvantage of these tapes is that 
they provide only sequential ac¬ 
cess to information, that is, like 
ca.sscttes, they allow access to infor¬ 
mation only in the order in which it 
was recorded. 

Disk drives: In a record player, one can 
play any piece of music on a record 
by just lowering the needle to the 
desired place. In such direct ac¬ 
cess devices information can be 
accessed in any order, irrespective 
of the order in which it was re 
corded. 

Hard-disk drives: use multiple heads 
and constantly rotating recording 
surfaces. Information is recorded or 
sensed magnetically on lhe.se sur¬ 
faces A hard-disk drive with 10 
heads and 20 surfaces can store 
about 200 Megabytes of informa¬ 
tion. (A byte is a group of eight hits, 
a Kilobyte is 1,024 bvte.s. and a 
Megabyte is about a million bytes.) 

Floppy diskettes: are small, flexible 
disks about the size of a papad 
(diameter approximalelv 5" or 8'*) 
The operation of floppy drives is 
similar to that of hard-disk drives 
An 8”. single-side, singlc-densily 
floppy disk .stores about 250 kilo¬ 
bytes of information More easily 
portable, floppies are normally used 
in microcomputers. 



organisation ut a computei in detail later 
on. 

Though three decades ago each computer 
was so huge as to occupy large rooms, today 
they are available in desktop and pocket 
sizes. In a later is.sue, we will see how this 
evolution has taken place The trend in 
hardware technology seems to he to con¬ 
tinually look for smaller computers with 
greater processing power. 

That laises the question: "How do wc 
charatteri.se the processing power of a 
computei^" The following are important 
parameters 

(i) speed—the number of instructions it 
can execute in a second (typically, any 
computer can do about a million additions « 
in a second). 

(ii) memory—the number of bits of 
information that can be stored in primary 
and secondary memories (typically of the 
order of millions of bits). 

(Ill) data throughput—the number of 
blocks of data that can be transferred in a 
second betweei) primary and secondary 
memory. 

(iv) word length —the number of bits in a 
word (this affects throughput as well as 
processing speed) 

Usually, the number of peripherals that 
can be connected are also specified for a 
given computer system. 

The way computers have evolved sug¬ 
gests a broad classification of computers 
into mainframes, minicomputers and mic¬ 
rocomputers. There is no precise definition 
charat tensing eath class, but there aie some 
points of compari.son (see box on pg 4b) 

Computer Science 

The discovery of the practically unlimited 
potential that digital computers offer has 
led to extensive scientific study of the 
behaviour of these machines It has gra 
dually emerged as a field of science and 
technology in its own right --nowadays we 
.speik of Computer Science, which is the 
formal study ol c(Hnputer software and 
hardware 

The electronic computer itsell being 
c.s.sentially a post-war phenomenon, Com- 
•puler Science has not yet turned forty. 
However, there is already a wealth of 
intere.sting material tor study in this area 
In this series we hope to give the reader a 
flavour of the ideas in the field. □ 

‘the uuthofs ate I isihtia St ictitists at thi‘.\atum 
a! CetUtv tor Sotticatc tk*vvlopment and (oni 
putinq Tcihn/qucs fWS/H'/l Tatu Institute ol 
Fundamerdat Reseatth. Hombau^ 
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VOLS H FORUM 


RAMANUJAN— 

MATHEMATICIANS' 

MATHEMATICIAN 



Snnivasan Ramanujan--1887 to 1920 


A natural mathematical 
genius, Ramanujan started 
the tradition of modern 
mathematics in India 

M ASTKRINC Lonev’s Tufinometn'dt the 
atte of \2. vet living anJ tediscovering 
the formulae of C.irr’s Synopsis of Pure jnd 
Applied Mil thcr nut us dt Ih, and identil>»- 
ing number 1729 as an interesting numhet 
(it IS the smallest number expressible as the 
sum of two cubes in more ttian two ways. 
1729= r+12 =9‘-»'l()') when seriously ill 
in bed. are no mean leats Rut to Srinivasa 
Ramanuian it was all like playing with 
friends Numbers were his friends 
A natural mathematical genius. Kamanu 
jan started the modern tradition of mathe¬ 
matics in India which had pioduted no 
major malhematician during the previous 
eight centuries and. in an environment 
where most intellectual activity was cun 
fined to mysticism, sterile reinterpretations 
of old religious philosophies and to fine 
arts The last great Indian mathematician 
before Ramanujan was Bhaskacharya (c 
1114 to 1185). Though Itiere was an air of 
mysticism even about the way Ramanujan 
did his mathematics (he at times claimed 
that solutions had been dictated to him by a 
goddess m dreams and frequently came up 
with major theorems without proof), his 
stupendous achievements gave a major 
impetus to the pursuit of rational intellec¬ 
tual aclivilies 111 India. 

That Ramanujan sliould have come up 
with brilliant msighls 'nto sinne ol the most 
profound pinblems m inathematks. or even 
thought oi these problem.s. vitfiout the 
advantage (»t a formal training or the 
stimulus ol a living mathematiial tradition, 
remains an unexplained enigma This fad 
has, howevii added lurlhei lustre ri» his 
image as a rnathernalital heri. 

Rarnanuians lire sketch is both tragu 
and tuniiv He ums burn in .i poni orlhodo.x. 
Brahmin : irniK .it Kriide. in Madras Pres¬ 
idency on Heu-mber, 1887 His lather 
kept accounts fm a Jnth merchant At 
school he immediately leve.ikJ his inboin 
mathomatu.ii genius and liis prodigious 
memor/ Allu pa^smg the matriculation 
examination m I9(r.». m first division. Rama 
nujan obtained the Junior Subraliamanyan 
Scholarship for purpling a college educa¬ 
tion at the siiivernment Oillege. Kurnhako- 
liam. But Ills e'ces’^Kv po'oieupation wiih 
mathematics led him to neglect olhei 


subjects He lailed twice in the Intermediate 
examination and lost his scholarship. Rut 
his zeal tor mathematics did not dimmish 
He continued his studies independently at 
home “jotting down his results in good- 
sized notebooks ’ 

In 1909, he rn; ried Janaki Animal, aged 
nine and (hen he decided to take up a job. 
11 IS fathei ciiuld hardly afford his edui at ion 
Thi>se were the days of utter poverty for 
Ramanuian But fnends and admirers were 
inanv and he was given a letter of ret(»m- 
mendatinn to Devan Bahadur Ramachandra 
Rao. thi- then Colle* tor of Nellore and Uie 
President of the Indian Mathematical Socie¬ 
ty The latter immediately recognised 
Ramanujans genius. Thcieafter, Ramanu¬ 


jan began lo receive a money order ol Rs 
20 /- every month from the Divan But alter 
about eight months he refused this amount 
and requested the Divan for a pib. In March 
1912, fie g«»t a clerical job in the Madras 
Port Trust Here fns mathematical abilities 
were immediately recognised by his peers 
and friends His name was recommended to 
the Univer.sity of .Madras for a fellowship 
and thereafter from May 1913, a monthly 
stipend of Rs 73/- was awarded to him. 

Flowering of Ramaniijan 

Then started the friend.ship with Prof. 
C H. Hardy, of the University of Cam¬ 
bridge. England, who was one of the best 
pure mathematicians at that time. Ramanu- 
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jan had begun corre^spondence with Hardy 
on the advjce of .some of hi.s friend.s Hardy's 
discover>’ of Ramanujan is an oft-quoted 
story, wherein all characters come out well, 
but two. As C P Snow writes about Hardy 
m Variety of men: "One morning early in 
1913, he found among the letters on his 
breakfast table, a large, untidy envelope 
ck’corated with Indian stamps. When he 
c\\iened it. he found sheets of paper, by no 
means fresh, on which, in a non-English 
holograph, were line alter line of symbols. 
Hardy glanced at them without enthusiasm 
He was by this time, a world famous 
mathematician. . unusually exposed to 
cranks... The script appeared to consist ol 
theorems, most of them wild or fantastic- 
looking. one or two already well known, laid 
out as though they were original There 
were no proofs of any kind I lardy was not 
only bored, but irritated It .seemed like a 
curious kind of fraud He put the manu- 
.script aside, and went on with his day's 
routine ■" 

^ "But the Indian manuscript nagged him 
in the course of his dailv routine Wild 
theorems Theorems such as he had never 
seen before noi imagined A fraud or 
genius He sent word to Littlewood . 
Befoie midnight they knew and knew for 
certain, the writer o( these manuscripts was 
a man of genius That was as much as they 
could judge, that night ' 

It was later that Hardy decided that 
Ramanuian wa.s, in terms of a natural 
mathematical genius, in the cla.ss of Gauss 
and Euler However. Hardy was not the first 
mathematician v*ho received Ramanuian's 
manuscripts Tw<j eminent English mathe- 
^maticians before him had returned them 
without credit' 

In 1914. Ramanujan ^ame to England 
and then bloomed a tiiendship. both 
touching and rewarding Hardy taught him 
some formal mathematics, as il he were his 
student- not an easy ta«k. when the stii 
dent IS a genius Hardy was always per 
plexed and cautious "What was to be done 
in the way of teaching him modern mathe 
mat ICS'* The limitations of his knowlei^ge 
were as .staitling'as its piofoundity . Ml his 
rc,sult.s. new or old. right or wrong, had 
been anived at by a pi(»cess of mingled 
argument, intuition and induction of which 
he was entirely unable to give a coherent 
account.” During this lime, it is probable 
that Hardy learnt more than Ramanujan. 
And together they produced five papers of 
the highest quality. 

According to Hardy. ”His friend and 
collaborator Prof J. E Ldtlewood was a 


much more poweHul malhematician than 
he was and his prote'ge' Ramanuian had 
absolute natural genius, comparable to that 
of the greatest mathematicians ” In A 
Matherndticidn'i 4po/ogy he .say.s. "I still say 
to mvself when I am depre.s.sed and find 
myself forced to li.sten to pompous and 
lire.some people, "Well, I have done one 
thing vou could never have done, and that 
IS to have collaborated with both Littlewood 
and Ramanujan on something like equal 
terms" 

In nature. Ramanujan was a simple, 
unas.suming man. very obedient to his 
mother and loving to his wife. He never 
u.sed to call his wife by her first name but 
used to address her as vctttukdn (my 
house) Rs 60 per month was teligiously 
paid to Ills mother during his stay abroad 
Always kind and gentle to his Iriends. he 
was often sensitive to an extreme, cooking 
on his own in his rooms m England There 
IS a funny incident with Prol G C 
Chaltern, former Vice-Chancellor ol (he 
Rajasthan University when he was in Eng 
land Ramanuian fiad invited the Chattel- 
jees and some ol Ins ti lends for dinner in 
his Trinity rotims The dinner was prepared 
bv Ramanuian liiniselt with great uire 

Hnwevei, when lla Chatleriee rclu.sed the 
third helping of tlie soup prepared hy 
Ramanuian. he MiildenlY disappeared from 
the house He stayed awav for five days 
because, in his own words, “I felt hurl and 
insulted when th«^ ladies didn’t take the 
soup I served I went out m de.spair and did 
not want to come in while ttiey were in the 
house " 

In 1918. the Royal S»»Liety elected Rama¬ 
nuian as a Fellow and in the same year 
Trinity also elected him a Fellow. He was 
awarded the distinguished title of PUS (Fel¬ 


low (»l the Royal Society) at the age of .31. 
and the study room of Isaac Newton in the 
Royal Society, which was normally kept 
locked, was made available to Ramanujan. 
England .showered on him all the honours 
that weie possible, while probably in India 
he would have Ifd an uneventful existence. 

In England. Ramanujan showeil intere.st 
in “what was unexpected, strange and odd; 
he had quite a small librar\' of hooks by 
Circle Squarers and other cranks” savs 
Hardy and even published in the Journal of 
the Indian Mathematical 5oi*/efv (1913), an 
article titled 'Squaring the Circle' 

Though a .substantial part of Ramanu¬ 
jan's work is devoted to rediscoverv of ideas 
which weic already woiked out ot known, 
many «)l the mathematical pioblems pul 
forward bv him continue to baffle the 
mathematicians even today Curiously, 
though they have not been proved, they 
h.'ive not been disproved either 

Ramanuian's notewiirlhv contributions 
were his algebraic appioximahons of (oi). 
his theoiy of paititions and the allied parts 
of the (heoiies of elliplu functions and 
continued fractions" The idio.svnciacies ol 
all numbers weie known to him and ‘ cver>’ 
p«#silive integer was one of his pcisonal 
triends' 

In .spring of 1917, Ramanujan fell ill. 
Apparentlv, the harsh English climate did 
not suit him well In 1919, he returned to 
India but soim died of tuberculosis at 
Madras on 26 .\pril 1*120 when he was not 
even 33 years old 1 lardy wrote an appr<ipi i - 
ate epitaph 'Galois died at 23, Akhel at 27. 
Ramanujan at 32. Rieman at 40 I do not 
know an in.stance of a major mathematical 
advance initialed by a man past .SO" 

B. S. Mah^an 





EYE OF THE ROHINI 

T. K. Alex 
K. K. Kurian 


R OHINI-D2 IS probably the smal¬ 
lest satellite with a remote sens¬ 
ing payload capable of imaging 
the Earth in tw’o spectral bands. 
The spacecraft weighing 41 kg was 
built at the Indian Space Research 
Organisation’s dSRO) Satellite Centre at 
Bangalore and was launched by the 
Indian rocket siA':i-l)2 from Sriharikota 
on April 17 last year. The major experi¬ 
ment in this mission is a small camera 
called "Smart Sensor". 

The picture data from a satellite is 
transmitted to ground .station in the 
form of electrical pulses (as in the case 
of the Morse code) The rate at which 
these pulses are sent from satellite to 
ground station (called "downward data 
rate") is measured in bits per .second. 
The downward data rate for Rohini-IJ2 
spacecraft is 32 kilobits per second. 

Unlike conventional sensors, smart 
.sensors have "in-built intelligence" for 


Ail set for the launch. Left: The satellite 
Rohlni-D2 perched atop SLV3-D2 rocket at 
Sriharikota. Below: Close-up of the two- 
hand smart sensor camera which is car¬ 
rying out a mgjor part of the Rohini 
mission 



on-board decision-making. They pro¬ 
cess data on-board and transmit only 
useful data. This ncjt only reduces the 
downward data rate, but also helps 
weed out the undesirable data at the 
source. 

Other smart sensors can activate an 
on-board .system under favourable corj- 
ditions without waiting for a ground 
command. For in.stance. such a camera 
operates only when there is sufficient 
ground illumination and when the 
satellite’s "health"—its systems are 
working safely, it stops taking pictures 
if the area is covered by clouds. A 
satellite then does not have to wait for a 
ground command about "what to do 
next". This in essence is the "smart" 
technique where human intervention 
IS minimal and actions quick and 
pteci.se. 

The advent of these intelligcnl^i'' 
cameras comes in the wake of advances ’ii 
in solid slate technology MicroptoceS' 
sor ba.sed .systems and solid state imag¬ 
ing devices are routinely being used in 
space mi.ssions these days and various 
types of smart sen.sors have been suc- 
ce.ssfully tried by National Aeronautics 
Space Administration (NASA) and other 
agencies. The smart sen.sors are vitally 
important in unmanned space mis- 
.sions, particularly in the long-iange 
planetary probes and also in small 
satellites like Rohini where weight and 
eleLtriCdl power lequirements pose se-( 
vere con,straints. 

The smart sensor m Rohm 1-02 sati-l- 
lite has two len.ses. One allows red light 
whkh IS in the spectral band of 600- 
700 nanometers (nm). The other allows 
infra-red radiation in the spectral band 
of 800-900 nm. Thus the camera is 
capable of taking pictures in two bands. 
But these are not transmitleu simul¬ 
taneously. The sensor compares on¬ 
board the two pictures and generates a 
cla.ssified picture called the "feature 
picture". The feature picture contains 
only four important ground features 
namely, water, vegetation, bare land 
and cloud/snow. It is this capability of 
the sensor for on-board classification of' 
ground features which renders it 
"intelligent". 




The images of the earth from space reveal 
the world-wide interaction of man and his 
environment in a uniquely 
comprehensive way. They provide an 
unrivalled global perspective 



Hie sensor comprises two solid state 
cameras, a horizon crossing sensor and 
a sun sensor. It is a very compact 
arrangement weighing less than 2.4 kg. 
The peak power requirement is 4.5 
Watts. Because of power constraints, 
the camera cannot be operated con¬ 
tinuously. The .system is turned on for 
l| minutes and switched off before it 
leaves the visibility of ground station. 
As a safeguard there is also an automa- 
tic.timer switch-off facility which com¬ 
es into play if the switch-off command 
from ground station fails to work. 

Before the camera is turned on, 
certain parameters are checked. Only 
daytime land passes with sufficient 
brightness are selected for operation of 
the camera. But ideal conditions are 

The Rohlnl-D2 eatelllte. Arrow shows the 
optical head'of the camera projecting from 
tte beify band solar panels. 



not always available. Mission control 
has also to determine that other condi¬ 
tions like the health of the satellite— 
power, temperature, etc—are favour¬ 
able before the payload operation is 
conducted. The satellite orientation 
iind spin rate have also to be checked 
and the necessary corrections are to be 
appliecf if needed. 


Rohini-U2 is a spinning satellite with 
its spin axis perpendicular to the orbit¬ 
al plane (see diagram). The optical axes 
of the cameras are aligned normal to 
the spin axis. As the satellite rotates, 
the field of view (i-'ovi of the camera 
sweeps the Earth in every spin. The 
horizon crossing sensor generates a 
pulse when the camera is looking at a 


spot 4.5 degrees away from the local 
vertical. Thi.s scan-start pulse initiates 
an on-board memory to store data from 
the cameras. At the time of occurrence 
of scan start pulse, the line array will be 
viewing d .scene marked A] to Anr^, in 
Pig. 3. The signal from the line array is 
sequentially switched and a series of 
analog voltage pulses are obtained. The 
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analog voltage is converted into digital 
signals and stored in the memory. 
Normally, this operation takes two mil¬ 
liseconds (known as integration time of 
the system). By this time, the satellite 
has turned and a new .scene, marked as 
on the diagram, appears for 
imaging. Thi.s .second line image also is 
stored followed by a third line and so 
forth Lipto 80 lines. In this way. a 
picture PU8S of an area approxiniately 
250 km by 80 km is stored in the- 
memory. The stored image is transmit¬ 
ted to ground station in 4.8 seconds 
and the camera is set ready for taking 
the next picture. The pictures ^ are 
received at the rate of one picture per;., 
spin. These pictures joined together to 
give a contiguous picture of 25(i km 
swath width. (A typical picture mosaic 
obtained m 118'^' orbit of Kohini-[)2 is 
shown in Fig. 5.) 

wSuch imaging with a linear array 
detector, (known as the “pushbroom ” 
technique) is among the simplest ways 
of imaging The sensor is devoid of a 
shutter or any mechanical moving 
system. Kxcept for the spectral filters, 
both the cameras are identical and view 
the same .scene. In the normal mode of 
operation, a picture taken by the vi.sible 
camera is transmitted. The infra-red 
channel can be selected by a ground 
command. However, both the camera 
outpul.s^ -visible and infra-red—^aro 
used on-board for comparing and 
generating the fcaluie picture which is 
tran'^milled along with the normal 
picture This offers several advantages. 
Hifferent ground features reflect sun’s 
radiation differently Foi example 
water 1ms more reflectance in the red 
region than in the infra-red region 
whereas vegetation reflects more in the 
infra-red region than it doe.s in the red 
regnui 'Hil pit lures taken m ditfercnl 
spectral hands can Iheielorc provide us 
better iiulvement ahoul the nature of 
ground k.ilures Ilian can be had from a 
.single paiithiomatic (normal black and 
white) piclitre. 

A camera un a satellite can collect 
enoimous amount data. In smart 
sensors, special elettrunic circuits aie 
provided which can iden'ily useful data 
from data that are oi no relevance to 


P X 

Fig. 3 Scan geometry of the smart sensor 

the niLssion These sensors will trans¬ 
mit “only useful” data, ignoring the 
irrelevant data hke clouds etc. 

The picture data is actually an analog 
electronic signal, with diffeient voltage 
levels as in the case of a television 
signal. These analog voltage.s are con¬ 
verted into digital Signals or bits (in 
pulses of zero or high level) and stored 
m on board electronic memory. Tele¬ 
metered data i.« received as a senes or 
“woids”. Ldch word consists of seven 
hit-s. Out of these, five bits tell about 
trie Voltage level coi responding to a 
single picture element (called pixel) 
The other two bits tell about the nature 
ol the griiunJ Icatuie Thus, the pic 
ture as well as tik feature picture are 
telemetered ni *• single stream of bits, 
suitably coded I he data is decoded m 
the ground station to separate the 
•picture and the feature picture using a 
computer. 

The field of view of the camera (the 
look angle) is fixed. As the height 
incre.iscs, the area covered by the 
camera look angle also increa.ses. At a 
nominal height of 3()0 km each picture 
element corresponds to one km. that 


IS, the resolution is one km. It the 
height IS increased to 1,000 km the 
resolution becomes approximately two 
km The resolution can also vai-y if the 
satellite is inclined to its normal posi¬ 
tion (tilted case). 

Rohini-D2 has a highly elliptical orbit. 
Its dllilude varies Irorn 4,()0() km to 860 
kni. As a result, the ground resoluticm 
varies from 0 8 to 1.7 km in llie 
cross track” direction. The resolution 
“aUmg-track ” direction again depends 
on the spin rate and the integration 
lime selected. The noimal rate of .spm 
IS betw'een six rpm and eight rpm. 
However, the satellite can be spun up 
Ol down as desirtd liv suitable ground 
connnands 

Single band imagery together with a 
feature picime has a wide range of 
applications m the field of remote 
sensing. The picture gives you the 
details of the area covered such as the 
extent of vegetation inland water 
bodies and cloud coverage over selected 
region.s (Fig 4 shows a typical map 
drawn using .smart sen.sor pictures 
showing the area under vegetation in 
South India.) Picture.s obtained from 
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Fig. 4 Checking vegetation cover in South India 

Fig. 5 A typicai picture mosaic obtained in a singie orbit of Rohini^D2 satellite 



identical ground cover passes at diffe* 
rent times are useful for studies of 
seasonal variation of ground feature. 
Pictures generated after ground com¬ 
puter processing can provide further 
details like the density of vegetation 
and soil t>’pes. 

Another potential use of these pic¬ 
tures is to identify known landmarks 
and use the data for refining satellite 
orbits and altitude data (see diagramt. 
This IS one of the latest techniques 
used in Rarth-looking satellites. This 
goal was successfully accomplished by 
using landmarks (ground control 
points) and the orbit and altitude data« 
are being improved. 

In the very first two months, the 
.satellite completed more than 900 
orbits and beamed approximately an 
equal number of picture frames. More 
than 90 per cent of the Indian sub¬ 
continent wa^ covered in these passes. 
The raw pictures obtained in these 
passes arc further processed and anno¬ 
tated pictures were generated, with 
geometrical and radiometric correc¬ 
tions. (Fig. 1 and 2 show a .set of the 
photographs of different areas of Indian 
territory.) 

R()hini'[)2 .serves as a platform to 
test many new technologies in a single 
flight. The .smart sensor technique is 
successfully tested in this flight and all 
the mission goals of the camera system 
have been met The technology of 
remote .sensing using solid state detec¬ 
tors has started a new generation of 
.sensor sy.stems. The smart sensor m 
Rohini IS leading the wav to the de¬ 
velopment of advanced sensor systems 
in the Indian Remote Sensing Satellite 
iiKs) to he launched in 19S6 which will 
have a capabilitN to iinagt the country 
with a spatial re.solution of better than 
'lO metres in l*>ur spectral bands. Tl 


T K Mv\ IS thi rr/utipuJ 'sLKmhst ot Swart 
Semor h.\fh'nmcht m i^ohmi Satellite ihresentlv 
he /? the hnjrt t Directoi tor the Remote Semintt 
Experiment m the hint Indo-{soviet manned 
fliaht 

H H. Kunan is the (htei Desianei of the 
Camera Si/dem and the Flectionti s of the Smart 
Sensor Camera. He was resiionstble for the 
development of a simi/ai t amera m Rohnu - l)l 
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DARWIN ON 


DARWIN 


W HAT are the origins of knowledge and 
the well-springs of human creativity’ 
How did the best of scientists manage to 
make the contributions they did*' Can we 
learn from the autobiographies of the great, 
how circumstances and incidents m their 
lives helped them in making their discover- 
ies> In the late 1960 s when James Watson 
chronicled his personal view ot how the 
atructure of deoxyribonucleic acid (DNA) 
was discovered, in Tlie Double Helix”, the 
book received extensive notices Prof. 
Gunther Stent in a self-admitted act of 
“derivative, second-order scholarship” re¬ 
viewed half a dozen leviews and noted that if 
one only read those, one would find it 
difficult to say that all the reviewers had 
read the same hook, implying that no two 
persons perceive things exactly alike (Of 
course, this point has been made even by 
rhoviemakers as in Kashomon (1950) by 
Akira Kurosawa who tried to convey the 
message that our memory regularly plays 
“tricks' on us since different persons in the 
movie viewMng the same events recounted 
them differently) Biologists also find that 
the human mind is not just a high fidelity 
recording machine and that between the 
sense reception and storage in the memory, 
there may be a selective destruction of 



Dawn House (above) the home of Charles Darwin (inset). Il7/d plants like the Bee Orchid 
(below left), White Bryony (below right) and the Pyramidal Orchid (facing page), which 
grew in abundance at Down House in Kent, provided Darwin with the living proof of his 
contention that species could change hy the process of "'Natural Selection". 





“Charles Darwin and Thomas Henry 
Huxley Autobiographies.” Edited with an 
introduction by Gavin de Beer. Oxford 
University Press 1983, pp. 123, 

Price £2.50 



mformalion In the intnxJuttion lu ,\iJto- 
biojyraphies of Chdries Dtirvvin and T.H 
Huxley”, the rdilnr of tliL* bonk Sir Gavin de 
Beer qll^te^ Hurley, “Autobiographies are 
essentially works of fiction, whatever biog¬ 
raphies may be ” In spile of this forewarn¬ 
ing;. the Autohiofirdphic^ provide illuminat¬ 
ing; sidelights on various aspects of the lives 
of the two great scientists and even include 
lessons in .stienlifiL crealivity 
So much has been written about Darwin 
that it IS refreshing to read wliat the man 
has to .say about himself and hi.s .scientific 
di.scovenes A.s his books go, this is a 
relatively slim volume with less than 100 
pages ol ins autobiography in it. Even this 
we mav not have had if a (lerman editor had 
not asked him to describe the development 
of his mind and character The outline of 
Danvin's life is well known Born 1809, he 
received his Bachelor of Arts Degree in 1831 
and was to become a clergymiin when he 
was offered the post of an unpaid naturalist 
ahoaid // M. S Bcaqk\ Tliat liteially 
changed the course of his life. The five-year 
voyage around the world brought home to 
him the point that .species are not immut¬ 
able as was becoming apparent to him from 
fossil and adaptive evidence But what was 
the mechanism of this change-* There was a 
pause and after reading “Malthus on Bopu- 
Idtion a bright idea came that favour able 
variations would he preserved and prop¬ 
agated and unfavourable ones eliminated 
According to Sir (iavin, however. Danvin 
already had the idea ol the importance of 
.selection in special ion as is borne out from 
his K'rst Noteh»ok written at least .six 
months before hi.s ri.idiin* of Malthus Thus 
he had c-itliei forgotten about it or was 
Mveicr editing .Malihus 
In 1843 Ilurwm prepared the initial 
.15-page abstract ol bus Ihcciry which was 
then enlarged lo LMU pages in 1841 In 
M")!). Lvell advised him lo docur'nent his 
views killv Me started lf» do su . but in 18.S8 
he received an ahslraci Irom Allred Wallace 
pr»rprjsirig ,in essenfiallv similar met hanism 
of naUiial .seleihon lor speci.'ition At the 
reifuesi ol LvcII and Hooker, an extract 
from Daiwin s essay along with that ol 
Uallace w.us I’ublished Acc<»rding to Dar 
win, the iwo publu ations went practicalh 
unnoticed and (he only published comment 
the\ received '\.is trmn Pi id Haughhin of 
Duhlin who '..nj ihai ■all ihaf was new m 
them was lal.se awl what vvas true was old” 
The moral ot fhe stioT was that things had 
lo be explained at length Therefore. Darwin 
prepared a volume on the Transmutation of 
.Species which u is puhlished in 1859 


Darwin must have been pleased with the 
reception the “Origin of Specic*,s” received for 
fic .states that (ill 187b. m England alone 
16,000 copies of the book were .sold. It was 
translated into every major European lan¬ 
guage and an essay appeared in Hebrew 
which claimed that his theory was con¬ 
tained in the Old Testament. 

In concluding his “Origin of Species” 
Darwin anticipated that, “light would be 
thrown on the origin of man and his 
history”. In his autobiography, he clarifies 
that this was written with the intention of 
ot emphasising his views that man and his 
mind were not exempt from the forces of 
evolution and natural .selection. And in his 
usual manner, he went about collecting 
evidence and published his “Descent of 
Man” in 1871 As an aside, it should be 
mentioned that Wallace's views on the 
question of the evolution of the human 
mind were not the same as those of Darwin 
and were somewhat mystical Darwin's 
book on. the “Expre.ssion of the emotions m 
men and animals” was puhlished in 1872 
and this became another charlbuster It 
.sold 5,267 copies on the ciav ol its pubiica 
tion' 

So, what was Darwin's secret of .success? 
Kortunalely, here he gave his own opinion 
ot what he considered his strengths and 
weaknes.ses “I have no great quickness of 
apprehension or wit which is .so remarkable 
in some clever men, tor instances Huxley” 
He, however, thougfil that he had an 
exlen.sive, although .somewhat hazy mem¬ 
ory In response to .some critics who said. 
“Oh, he IS a good ohser\'c*r but has no power 
of reasoning” he defended himself by saying 
that fhe ‘Origin ol .Species” was one long 
argument which had successfully convinced 
a niimher of able men and which also 
established his power of reasoning He also 
claimed b»r himself a fair share of common 
.sense and invenlion He was a careful 
ohser\'er and industrious in collecting facts 
Mfiie than th«it he prolessed his love for 
natural SLicnce and bfruiulless patience 
when rellecting on any subiect Thus. 
Darwin emerges as jacques Monod's quint- 
essential man ot sf.ience--setting up a 
systoinalic confiontation between logic and 
experience 

Thomas Huxley's autobiography is even 
more fragmc'ntar>' and throws little light on 
matters such as the 'Baltic of Oxford” Mis 
interests were wide- ranging and by the time 
he was elected Fellow of the Royal College 
of Science at the ago ot 26, hus major 
contributions seem to have been on the 
structure of the human hair sheath and on 


the anatomy of the Medusae. His four-year 
voyage on //. A/. S, RaUki^mke which was 
surv'eying Australian waters was somewhat 
.similar to Darwin's Beagle odyssey. Apart 
from his contributions to science, he is best 
known for championing the theory of 
natural selection and defending it from 
attacks particularly those from the clergy. 

In his autobiography, he sets out his 
contribution.s, “to promote the increase of 
natural knowledge and to forward the 
application of .scientific methods of investi¬ 
gation to all the problems of life to fhe best 
of my ability”. He also advanced the princi¬ 
ple of agnosticism putting evidence and 
reason above belief. 

Huxley subordinated his ambition for 
scientific fame lo the popularisation of 
.science, organisation of .scientific education 
and above all to fight any clerical opposition 
to evolution and science. Thus, although 
scientifically Huxley may not be ranked 
with Darwin, he emerges as a man who 
devoted his energie.s to the promotion and sj; 
defence of science and acknowledges this 
with extraordinary candour and intellectual 
honesty. In his speech when he was 
awarded the Darwin Medal, he said tlial Ins 
contributions in science were not uplo 
those of either Alfred Wallace who was 
awarded the Royal Society's first Darwin 
Medal or of Sir loseph Hooker, a subsequent 
recipient. So, why was he .selected fur this 
honour.-* Huxley himself provided the 
answer: may be as poet John Milton wrote, 
“They also serve who only stand and wait" 
hut in his case this standing and waiting 
aiquTed a peculiar chaiacter, that of active 
defence against fhe onslaughts on evolution , 
and science. *1 was convinced that If e 
‘Origin of Species’ was a ship laden witli 
cargo of rich value, and which, if she weie 
pei mitted to pursue her course would reach 
.1 veritable scientihc (loiconda " 

Autobiographical accounts even if pep 
pered with inadvertent fiction arc always 
worth more than the critical biographies for 
the rea.son that, it is expected that the 
authors would have a greater feel than 
anyone else for their own material and 
conlributions To that extent, even though 
(he two autobiographies are short, they are 
worthwhile for the look-in they provide into 
the minds of two eminent and dauntless 
Victorians. 

N. K. Notani 

l>r NK. Rotam w a fellow of the Indiaii* 
National Science Academy and is Head oi 
the Biology and Agikulture Division, Bhabha 
Atomic Research Centre. Bombay 


58 Jftriitarr thhav FEBRUARY 1984 

II 111 






'■ 






m. 






-* I 


o^ 








Here's how: 


Colgate s 
trusted formula works 
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The mysteiy of the Monte Cario lock 


W E last left Inspector Ctam 
seated comfortably aboard a 
train outward bound from 
Transylvania, relieved at the 
thought of returning home. “Enough 
of these vampires'” he said to himself. 
*'ril be glad to get back to London, 
where things are normal!” 

Little did Craig realise that another 
adventure awaited him before his re^ 
turn—an adventure of a very different 
nature from the two already related, 
and one that should appeal to those 
who enjoy combinatorial puzzles. This 
is what happened: 

The inspector decided to stop off in 
Pans to attend to a few matters, and 
when he had finished he look a tram 
from Paris to Calais, planning to cross 
the Channel to Dover. But. just as he 
got off at Calais, he was met by a 
French police officer who handed him a 
wire from Monte Carlo, begging him to 
come at once to !ieip solve an “impor¬ 
tant problem”. 

“Oh heavens,” thought Craig, “I’ll 
never get home at this rate!” 

Still, duty was duty, and so Craig 
completely changed his plans, went to 
Monte Carlo, and was met at the 
station by an official named Martinez, 
who promptly took him to one of the 
bank.s. 

“The problem is this,” explained 
Martinez. "We have lost the combina¬ 
tion to our biggest safe and to blow it 
open would be prohibitively 
expen.sivc!" 

“Mow ever did that happen'-'” asked 
Craig. 

“The combination i.s written on only 
one card, and one of the employees 
careles.sly lell it inside the sale when he 
locked it’" 

“Good hcdven.s!” exclaimed Craig. 
“No one remembers the combinalion?” 

“Absolutely no one,” .sighed Mar¬ 
tinez.' And the worst of it i.s that if the 
wrong combination is used, the lock 
veil! be jammed permanent Iv. Then 
there will be no recourse left but to 
blow open the safe, wliich. as I said, 
just isn't feasible—not only because of 
the cost of the meclunism but also 
because some exlremelv valuable and 



highly fiagile materials are sbired in 

It.” 

“Now, just a minute'” said Craig, 
“how can it be that you use a lock 
mechanism that can be permanently 
damaged by a wrong combination?” 

“1 was very much against purchasing 
the lock,” said Martinez, “but I was 
overruled by the board of directors. 
They claimed that the mechanism had 
some uniquely valuable features which 
more than compensated for the dis¬ 
advantage of possibly ruining it by 
u.sing the wrong combination.” 

“This is really the most ridiculous 
situation I've ever heard!” said Craig. 

“I heartily agree!” cried Martinez. 
“But what IS to be doneV' 


“Frankly, I can't think of anything,' 
replied Craig, “and 1 certainly cannot 
be of any help, since there are no clues 
I'm very much afraid 1 have made this 
trip for nothing!” 

“Ah. but there are clues'” said Mai- 
tinez, a little more brightly. “Otherwise 
1 would never have put you to the 
trouble of coming here.” 

“Oh?” said Craig. 

“Yes,” said Martinez. “Some time 
ago we had a very interesting though 
rather queer employee, a mathemati¬ 
cian particularly interested in com¬ 
binatorial puzzles. He took a keen 
interest in combination locks and stu¬ 
died the mechanism of this safe with 
great care. He pronounced it the most 
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“Of course it is,” replied McCulloch. 
“My machine is not a random device! It 
operates according to strictly 
deterministic laws. • 


unusual and clever locking mechanism 
he had ever seen. He was constantly 
inventing puzzles, with which he 
amused many of us, and once he wrote, 
a paper li.sting several properties of the 
locking mechanism, and asserting that 
from these properties we could actually 
deduce a combination that would open 
the safe. He gave this to us as a 
re^eational puzzle, but it was far too 
difficult." 

‘‘And where is this paper?" asked 
Craig. "I suppose it is also locked up in 
the safe with the card bearing the 
combination?" 

"Happily, no," said Martinez, as he 
produced the manuscript from his desk 
drawer. "Fortunately, I kept it in here." 

Inspector Craig studied the manu¬ 
script carefully. 

"I can see why none of you solved the 
pijzzle; It appears extremely difficult! 
Wouldn’t It be easier simply to 
contact the author? Surely he remem¬ 
bers or could reconstruct the combina¬ 
tion, couldn't he?" 

“He worked here under the name of 
'Martin Farkus, but that was probably 
an assumed name.” replied Martinez. 
"No efforts to find him have been 
successful " 

“Mm!" replied Craig, "1 guess the 
only alternative is to lr>’ and solve this 
puzzle, but It might take weeks or 
seveial months." 

‘ There is one more thing I must tell 
you," said Martinez. “It is absolutely 
imperative that the safe be opened by 
June first; it contains some state docu * 
ments that have to be produced on the 
morning of June second. If we cannot 
find the combination by then, we will 
be forced to blow open the safe regard¬ 
less of cost. The document itself won’t 
be hurt by the eitplosion, since it is in a 
very stout inner safe, as far as po.ssible 
from the door of the outer safe. And as 
for the other items—well, this docu¬ 
ment xomes first! But it would be 
worth quite a sum of money to us not 
to have to resort to that alternative!" 

;*ril see what I can do." said Craig, 
rising. "I can't promise you anything, 
though of course I’ll do my best." 


After Craig’s return to London, he at 
first spent a good deal of time on the 
Monte Carlo lock puzzle. Then, since 
he was getting nowhere, he decided 
that it might be best to rest a while 
from the problem and went to visit an 
old friend named Norman McCulloch 
whom he had not seen for years. He 
and McCulloch had been fellow stu¬ 
dents at Oxford, and Craig recalled him 
in those days as a delightful, if some¬ 
what eccentric, chap who was con¬ 
stantly inventing all sorts of curious 


"No.” replied McCulloch, ^'deciding 
to put the number in is not enough; 
you have actually to put the number 
in." 

"Oh, well, of course!” said Craig. "I 
meant to ask whether once the number 
has been put in. if it is definitely 
determined what number comes out." 

"Of course it is," replied McCulloch. 
“My machine is not a random device! It 
operates according to .strictly determi¬ 
nistic laws. 

"Let me explain the rules," he con¬ 



gadgets. Now, this whole story takes 
place in the days before modern com¬ 
puters were invented, but McCulloch 
had put together a crude mechanical 
computer of a sort. 

"I’ve been having ever so much fun 
with this device," explained McCulloch. 
"I’ve not yet found any practical use for 
it, but it has .some intriguing features." 
"What does it do'-'" asked Craig 
“Well," replied McCulloch, “you pul 
a number into the machine, and after a 
while a number comes out of the 
machine " 

"The .same nuniber or a different 
one?" a.sked Craig 

“That depends on what number you 
put in." 

"I see,’ replied Craig 
"Now," continued McCulloch, "tfie 
machine doesn’t accept all numbers - 
only some. Tho.se which the machine 
accepts. I call acceptable numbers." 

“That sounds like perteclly logical 
terminology,” said Craig, “hut 1 would 
like to know which numbers are 
acceptable and which are not. Is there a 
definite law concerning this? Also, is 
there a definite law concerning what 
number comes out once you have 
decided what acceptable number to put 
in?” 


tinued. “To begin with, by a number I 
mean a positive whole number; my 
present machine doesn’t handle nega¬ 
tive numbers or fractions. A number N 
is written m the usual way as a .string of 
the digits 0,1,2,3,4.5.6,7,8,9. Hiiwever, 
the only numbers my machine handles 
are those in which 0 does not occur; for 
example, numbers like 23 or 5492, but 
not numbers like 502 or 32.50607. 
Given tw'o number’! A’. M —now by NM 
1 don't me.m N times M' By NM I mean 
the number obtained by lir.st writing 
the digits of N in the order in which 
they occui, and then following it by the 
digits of M. so, for example, it N is the 
number o'i and M is the number 728 
hv NM 1 mean Ihe number 5372S Or if 
N IS 4 and .M is 39. by NM 1 mean 439." 

“What a curious operati(»n on num¬ 
bers'" exclaimed Craig m surprise. 

“I know,’’ replied McCulloch, “hut 
this i.s the operation the machine 
understands best. An>’way. let me ex¬ 
plain to you the rules uf operation. I .say 
that a number X produces a number Y. 
meaning that X is acceptable and that 
when X is pul into the machine. Y is 
the number that comes out. The first 
rule IS as follows- 

'*Fule I: For any number X, the 
number 2X (that is, 2 followed by X, 
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not 2 times X!) is acceptable, and 2X 
produces X. 

‘Tor example. 253 produces 53: 
27482 produces 7482. 2,1985 produces 
3985, and so forth. In other words, if I 
put a number 2X into the machine, the 
machine erases the 2 at the beginning 
and what is left the X—comes out." 

“That’s easy enough to understand," 
replied Craig "What are the other 
rule.s?" 

“There is only one more rule," 
replied McCulloch, "but first let me tell 
you this. For any number X. the 
number X2X plays a particularly prom¬ 
inent role. I call the number X2X the 
associate of the number X. So. for 
example, the associate of 7 is 727; the 
as.sociate ot 594 is 5942,594. Now. here 
IS the other rule- 


For any numbers X and Y. if 
X pr<»duces Y, then 3X produces the 
associate of Y. 

"For example. 27 produces 7, by 
Rule J: therefore 327 produces the asso¬ 
ciate of 7. which IS 727. Thus 327 
produces 727 Again, 2586 produces 
586. hence 32,586 pniduces the associ¬ 
ate of 586. winch is .58()2586.” 

At this point, McCulloch fed the 
number 32586 into the machine and, 
alter much groaning and squeaking, 
the ruimher .5862586 finally did come 
out. 

"Machine needs a little oiling." com- 
menied McCullfch "But lets consider 
another example c.i two to .see if you 
have K Ily grasped the rule.s Suppo.se I 
put IN 3327. what will come out-' We 
alread\ kimw that .327 produces 727, so 
.3327 pniduits the asMKiate of 727, 
whkh i: 7272727 What uiimbtr does 
.3.*i.l27 puiduiL'-' Well. .siiKe 3327 pro¬ 
duces 7272727 la^ we have just just 
seen), then .I,ii27 pioduces the associ¬ 
ate o( 7272727 which is 
727272727272727 As another exam¬ 
ple. 259 piooiue.s 59. 32.59 prtrduces 
59259. .i.i-2.59p» oduces 59259259259. 
.3.3.t259 produces ; 

r)9259L^.59i?59or,ij259;j5qj5q ’• 

"I .set ^aid Ciaig. "hut the i»nlv 
number" you have menlmned so tar 
which seem to pn»dLice ' anything are 
niimber.s beginning with 'Other 2 or 3 


“Machine needs a little oiling,’ 
commented McCulloch 


What about numbers beginning, say, 
with 4?” 

"Oh. the only numbers accepted by 
this machine are those beginning with 

2 or 3, and not even all of those are 
acceptable. I am planning one day to 
build a larger machine which accepts 
more numbers.” 

“What numbers beginning with 2 or 

3 are not acceptable?" asked Craig 
“W^ell, 2 alone is not acceptable, 

since It does not come within the scope 
of either Rule 1 or Rule 2, but any 
multidigital number beginning with 2 


which produces itself; when you put N 
into the machine, out comes the very 
same number N. Can you find such a 
number?” 

2 . 

“Very good,” said McCulloch, after 
Craig showed him his .solution. “And 
now for another interesting feature of 
this machine; There is a number^N 
which produces its own associate—^-in 
other words, if you put N into the 
machine, the number N2N comes out 
Can you find .such a number?” 

Craig found this puzzle more diffi¬ 



is accepldhle. No number consisting 
entirely of 3s is acceptable. Also 32 is 
not acceptable, nor is 3,32. nor any 
string of .3s followed by 2 But for any 
number X, 2X is acceptable; 32X is 
acceptable. 3,32X and 3332X are accept¬ 
able; and .so forth In short, the only 
acceptable numbers are 2X, 32X, 332X, 
3332X, and any .string of 3s followed by 
2X. And 2X produces X: 32X produces 
the as.sociale of X, .3.32X produces the 
associate ot the associate of X-- which 
it IS Lonvenient to call the double 
associate of X. 33.52X produces the 
associate of tht associate of the a.s.soci- 
ate ot X—this number I call the triple 
associate ol X—and so on " 

"I fullv understand." said Craig, "and 
now I would liki to know just what are 
the curious features of this machine to 
which you have alluded'' " 

"Oh,’ replied McCulloch, "it leads to 
all .s(H'ts ol curicHis combinatorial puz¬ 
zles—here. let me show you some!" 

1 . 

"To begin with a simple example." said 
McCulloch, "there is a number N 


cult, but he managed to solve it. Can 
you? 

3. 

"Excellent'” .said McCulloch. "But 
there is one thing [ would like to know 
how did you go about finding this 
number? Was it just trial and error, or 
did you have .some systematic plan'-* 
Also, IS the number yon found the only 
number that produces its own associ¬ 
ate, or are there others?" 

Craig then explained his method for 
finding the number N m the last 
problem, and also an.swercd McCjI- 
loch’s question as to whether there 
were other possible solutions. The 
reader should find Craig’s analysis here 
to be of considerable interest, and it 
facilitates, moreover, the solutions of 
several other puzzles of the present 
chapter. 

4. 

"Apropos of my last question,” said 
McCulloch, “how did you solve the fir^t 
problem? Is there more than one num¬ 
ber that produces ilselP” 

Craig’s answer is given in the 
.solutions. 
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Inspector Craig ultimately did succeed in 
solving the mystery of the Monte Carlo 
lock 



[SSrafOftO&AIUUMItfJ 


Solutions 

1 . 

One such number is 32,'^. Since 23 
produces 3 (by Rule 1), then, by Rule 2 , 
323 must produce the associate of 3, 
which is 323—the very same number! 

Are there other such numbers? For 
Craig’s answer, see the solufion to 
ProNem 4. 

2 . 

The number Craig found was 33233. 
Now. any number of the form 332X 
produces the double associate of X. no 
33233 produces the double a.ssociate of 
33—that IS. the associate of the a.ssoci- 
ate of 33. Now. the associate of 33 i.s the 
original number 332,33: hence the dou¬ 
ble associate of 33 is the associate of 
33233. Thu^ 33233 produces the asso¬ 
ciate of .3.3233—that is. it produces its 
own associate. 

How was this number found and is 
It the only solution''* Craig gives his 
answers to the.se guestion.s in the 
.solution to the next problem. 

3. 

Here is how Craig found a .‘Solution to 
Problem 2 and also .settled the question 
of whether or not there are any other 
solutions. I shall give his explanation in 
his own words: 

“My problem was to find a nun' oer N 
that produces N2N. This N mus» ne one 
of the forms 2X. 32X. 3.32X. 3332X. etc, 
and I must di.scover X. Could a number 
of the form 2X work'* Clearly not. since 
2X produces X, which is obviously 
shorter (has fewer digits) than the 
associate of 2X. So no numbei of the. 
form 2X could possibly work 

“What about a number ot the form 
32X? it also produces a number which 
IS loo short: it produces the as.sociate of 
\, which IS obviously shorter than the 
associate of 32X; 

“What about a number of the lorm 
.332X? Well. It produces the double 
associate of X. which is X2X2X2X, 
whereas what is required is to produce 
the associate of 332X. which is 
332X2332X. Now. can X2X2X2X be the 
same number as 332X2332X? What 
about the comparative lengths? Well, 
letting h be the number of digits in X. 
the number X2X2X2X has Ah + 3 digits 


(since there are four Xs and three 2.s), 
whereas 332X2,332X has 2/z + 7 digits. 
Can 4/2 + .3 = 2/i -f 7’ Yes, \{ h - 2. 
but for no other h. So lengthwi.se. a 
number of the form ii32X may be 
possibility, but only if A ha,s two digits. 

“Are there any other possibilities? 
What about a number of the form 
.3332X? It produces the triple a.s.sociate 
of X. which IS X2X2X2X2X2X2X2X, 
whereas what is required is to produce 
the a,ssociate of .3.332X, which is 
.3.3.32X23332X. Could these numbers be 
the .same? Again, letting h be the 
length of X, the number 
X2X2X2X2X2X2X2X has 8/2 4 7 digits, 
whereas 3332X23332X has 2h 4 9 
digits. The only .solution to the ques¬ 
tion 8/2 4 7 = 2/2 4 9 IS that h ^ Vj. so 
there is no whole number h that will 
make 8/2 4 7 - 7/2 4 9: therefore no 
number of the lorm 3332X can work 

“What about a number of the form 
333.32X? It produces the quadruple 
associate of X, which has a length of 
lf )/2 + 15. whereas the associate of X 
has a length cjf 2h f 11. Of course, for 
any positive integer A, 16/2 4 15 is 
larger than 2h 4 11, .so a number of 
the form .33.332X produces something 
too large 

“If we take a number beginning with 
five 3.S instead ot four, the disparity 
between the lengths (jf the number it is 
supposed to produce and the number it 
actually produce.s is even greater, and if 
we take a number beginning with six or 
more 3s. the disparity is greater yet. 
Therefore, wc arc back to 3,32X as the 
only po.ssible .solution to the problem, 
so \ must be a two-digil number Thus, 
the desired N must ht of the lorm 
332 jA. where a and A are single digits 
to be determined. Now. X\2ah pn*- 
duces the double associate of ah, whicli 
IS ah2ah2ah2ah. It is desired that 
332uA produces Ifie associate of 3.32(/A. 
which IS .332tfA2.332«;A. Can these two 
numbers be the .same.' Let us compare 
them digit by digit: 

ab2ah2ah2ah 

'Xi2ab2SX2ah 

“Comparing the first digits of each 
number, we see that a must be 3. 
Comparing the second digits, b mu.st 


al.sc) be 3 So N = 33233 is a solution, 
and IS the only possible .solution." 

4. 

“To tell you the truth," .said Craig. “1 
.solved the first problem by intuition: I 
didn't find the number .523 by any 
systematic method. Also, I have not yet 
considered whether there is any other 
number that produces itself. 

“But I don't think this .should be too 
difficult to settle. Let’s .see now. could a 
number ot the form 3.’i2X work'' It 
would produce the double associate of 
X. which IS .X2X2X2X. which has a 
length of 4A 4 .3. with h being the 
length of X. 13ut what is required is to 
produce 332X, which has a length of A 
4 .3. Obviously. 4A 4 .3 is greater than 
A 4 3. if A. IS a positive number, so 
.3.32X produces a number that is loo 
large. What about 3332X or .some 
number beginning with four or more 
3.S.'* No. the disparitv would he greater 
yet, the only po.ssibility is a number of 
the form 32X (a number of the form 
2Xi.s clearly no good: it can’t produce 
2X, since it produces X). Now. .32X 
produces X2X. and what is required is 
that It pioduce iLself. which is 32X So 
IV2X must be the same as X2X Letting 
A be the length ol X. .12X has a length 
of h42 and X2X has a length ot 2h4j 
So 2A f 1 - A 4 2: this means that A 
mu.st be 1. So X is a single digit Nmv. 
for whal digit u is it the tase that a2u 
Xla'^ Obviously, a must be .5 Hence 
323 IS the only .solution 
lnspectr)r L’r.ng ullimattl.N did sui- 
ceed in solving tiu* mvsler\ ot Ih 
Monte C\nlo loi'K Tlitil he cnulJ do 
WiKs a tnhule not <inl\ !«• his own 
ingenuity and thai of ^lLtu)lolh hut 
.dsf» to (lie itmarKahle ioi»iuil and 
m.ilhematiCiil puzzles .iround u'hkh 
McCulloch had huill Ins ande meJu- 
nical compute! 

I^Mcn^ted hom I hi Lnitjut the hqct'ayulathe? 
hqtcat pu-c/cs hu Rtwninml Smulh/iin puh/hhed 
hu Renqum Hmiks l^Ki l't\ pntc CJ >fi 
fihs/tthufed lu India htt iVnqum Orerscu^ Udi 

Ruqmtmd Smulft/an rnriu'd hn '/s at the 
I nwersttv nt Chuaqu and his l*h f) at Rm chm 
['finarsttu. ond i\ cuitontlq nn the tarulfu nt 
lAthman i'nlicqc. \eir )nrk hi additian fit heniy 
n Rndessur at Mathennitnal Laqn he has 
/Krformed t/s* a prater smnat muqit urn 
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ELECTRONIC DICE 


T HF/ Je\’icc df.sfrihcd hclow uses two 
intef^rated circuits, ten tr.jMsi.slnrs. ten 
iKIis and other di.S(.rftr components You 
can use the device to plav a dice ({ame. 
Kvery time you press Hie puslibutton the 
device will Ii>|ht up one of the ten LLUs 
representiMjJ a partiuilar number. The 
circuit operates so fast tfiat nobody can 
predict which 11 n will Iijiht Try yuur luck. 

For ease of undcrstandinjJ, the entire 
circuit of the device can he subdivided into 
four stai^es. the first staf^e hem^t an astable 
multivihratoi usin^ ic S.'S.'i operatinfi at 
about I kH/,. 

The K used as an astable multivihra- 
t(»r has Its trif^^er terminal connected 
direitly to Ihe threshold terminal 6 Tfius, 
to start with, there is no charge over the 0.1 
nitd limin^j capacitor This tri^^gers the 
lower lompariitor which, through the con¬ 
trol flip flop and inverting amplifier, drives 
(he output high and simultaneouslv makes 
the discharging transistor U14 non- 
condijctive This causes the capacitor to 
charge through the IK and 4 7K resistors 
Tins charges the timing capacitor to - ird 
Vic level, that is. threshold level of Ihe 
upper loinparalor This re-.sets tfie flip-flop, 
which in turn drives the output to its 
normal low stale and brings the discharging 
transistor (Jl4 back to conduction As the 
terminal No 7 of the K is now damped to 
ground thoiugh (he discharging transistor, 
the timing (.apacitor. instead of charging, 
starts discharging through the 4 7K resis¬ 
tor When tlie voltage across the cupacitor 
falls 1 ( 1 ' jrd \iL level, the lower lomparaloi 
gels tiiggeied and once again • hanges the 
stales of Ilk oulput and discharging transis¬ 


tor. This causes the capacitor to cflarge 
again. This completes one cycle of opera¬ 
tion and initiates tfie next. The process 
continues, making about 1000 cycles per 
second 

The If 4017 is a CMOS type of decade 
counter-divider The if 4017 contains five 
flip-flop .stages, plus a few logic gates The 
l( IS basically used as a decade counter- 
divider^with 10 decoded decimal outpouts 
for iriput pulses 0 to 9. 

When you pre.ss the pushbutton the 
decade counter if counts the number of 
pulses provided by the preceding a.stahio 
multivibrator When the pushbutton is 
relea.sed, the counter continues counting, 
tor a second or two This delay is purpo.sely 
provided by using the Kf delay circuit in the 
"clock inhibit" terminal of the K When the 
delay is over, the counter stops counting 
and the last lkd which was lit when the 
delay was over remains ligfitcd 

When the counter counts, you will feel as 
it all the ten lkus are lit Actually the astable 
multivibrator operating at 1 kHz makes 
each LM) light successively for about a 


millisecond. The speed being very high for 
our eyes to perceive you will (eel as it all the 
ten Lt:Lis are lit 

The tMos decade counter/divider If 4017 
by Itself IS unable to handle current re¬ 
quired to lit the I Kus Thus, ten transistors 
are used to operate ten lhds Tfie if drives 
the transistors and the traasistors drive the 
LKiJS This I.K1) driving circuit forms the 
third stage of the device ^ 

For simpiicity, the circuit .shcjws only 
three transi.stors driving three lkds Tfie 
LhDs repre.sent decoded decimal outputs 
( 1 ) 1 ) 01 . 0. 1 and 2 Remaining seven transis¬ 
tors and i.F.ns 3 to 9 are not shown You will 
have to repeat the circuit for ddo J to 9 

The fourth and the last stage is the power 
supply .Simple full wave rectifuatiun using 
a bridge rectifier with adeifuate filter capa¬ 
citor provides about 15V Df .supply. 


You will need: ^ 

.Senu i (mductnrs Integrated circuits 
1 no. 1017—1 no, transistors hc107 l 
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Continued from page 28 


The poromeric uppers are more dur¬ 
able than leather uppers. But the very 
durability brought in the problem of 
odour. Leather shoes will be discarded 
when they have lost their looks which 
is probably long before hygienic prob¬ 
lems arise. Sanitation of component 

a terials is something to be looked 
> in poromenc shoes which are long 
lasting. 

For wear performance in terms of 
customers’ maintenance, poromerics 
have obvious attraction as a damp doth 
wiping for instant cleaning is a mate¬ 
rial virtue. The leather has a perma¬ 
nent deformation (adjusting to the 
shape of the foot) to a much greater 
extent than poromerics—a most im¬ 
portant pi^operty for comfort during 
vear. 



The anatomy of artificial leather (Corfam) 

Scuffing is usually worse on leather 
shoes. But in poromeric shoes, the 
scuffing occurs generally on the inside 
quarter near the heel, where it is not 
very much noticeable in wear. 

Poromerics are usually less affected 
by sweat than some leathers. But 
similar degradation has recently been 
observed in shoes with poromeric up¬ 
pers. 

From the point of view of styling, 
poromerics have both advantages and 
disadvantages when compared to leath¬ 
er. Although the range of colour and 
finishes of poromerics is wide, it is not 


as wide as in leather. But poromerics 
can be cut with greater economy. 
Poromerics can also provide answer to 
the problem of caring for light colours, 
as most of them are easy to clean, and 
mud and other marks can be washed off 
without damaging the appearance of 
the material. However, poromerics lack 
the natural beauty of leather which can 
be merchandised as a symbol of 
genuinene.ss and credibility. Poromer¬ 
ics offer no threat to leathers since they 
lack the characteristic patterns and tex¬ 
ture of the gram. Poromerics simply 
lack the aesthetic and '‘natural” appeal. . 

□ 

K. A. Ramasamy and Dr K S. Jayaraman are 
scientists at the Central Leather Research insti¬ 
tute. Madras. Dr N Ramanathan za the 
Director 


equivcilent 10 nos.; i Kf>--10 nos., in 125 
(»r 1N4002 - 4 nos 

Capaatois Eleclrolytic 500 mfd—25V —1 
no , KM) mfd- 2.5V— 1 no. 

Ceramic or polyester, 0 1 mfd—2 nos 

Resistors all 'i* Watt lype'.lOK -11 nos. 
4.7K- 1 no.. IK—12 nos 

Appnjximale co.sl of above electronic 
components in Bombay market is Ks. 12.5. 


Digital and linear circuits 

D igital integrated circuit can pro- grated 
hably be best explained by con- transisto 




J-yhably be best explained by con¬ 
trasting digital circuits with linear 
circuits. In a linear circuit a con¬ 
tinuous variable input signal gives rise 
to a continuously variable output in a 
desired manner, which is related to the 
input variable by some mathematical 
expression. In a digital circuit the 
input and output signals are assigned 
only two values; a so-called logic zero 
or low state, which is practically zero 
volt and a so-called logic one or high 
state, which is often .some defined 
positive voltage. The output of a digital 
I circuit element can, in general, 
assume only one of these two levels in 
response to an input or inputs also 
having one ot these two levels. The 
performance of a digital circuit for 
voltages in between these two levels is 
generally not required and thus not 
defined. Digital integrated circuits are 
used in, to name a tew examples, 
digital watches, clocks, tv games, cal¬ 
culators and computers. 

The common types of digital inte- 


Transformer Pri 230V ac Sec 12.6V at 2.50 
mA 

Misc: ic experimenter's veroboard, push but 


grated circuit are rtl (resistor- 
transistor logic), iiTL (diode-transistor 
logic), TTL (transistor-tfansistor logic), ' 
ECL (emitter-couple logic) and cosmos 
or CMOS (complementary-symmetiy 
metal oxide semiconductor). Each of 
these types offers its own particular 
advant^es, compared to the other 
types, but all except CMOS, have the 
following common disadvantages: 0) 
high quiescent current, (2) regulated 
power supply requirement, (3) low 
input impedance of the order of a few 
hundred ohms and (4) poor noise 
immunity. 

The CMOS digital integrated circuits, 
on the other hand, have the following 
unique properties; (1) negligible quies¬ 
cent current, (2) can be operated from 
a wide range of supply voltage; reg¬ 
ulated power supply not necessary? (3) 
exceptionally high input impedance of 
the order of a million megohms (one 
megohm is equal to 1,600,000 ohms), 
(4) high noise immunity, (5) output 
can virtually swing from'zero to hill 
positive voltage. 


ton. on/off ^wllcll, fuse 500 mA with holder, 
.suitable enclosure, soIde<. wires, screws, 
etc 

Anil V. Borkar 
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Injectable contraceptives: 


Soon an Injectable con¬ 
traceptive may be intro¬ 
duced in the Indian family 
planninj^ programme. But 
what are its effects on the 
health of the women and 
their children? A discussion 
follows with stre.ss on social 
and ethical issues 

I T IS now well known that an inject¬ 
able eontiateptive has been on trial 
in this LOLinlr\’ and that it may soon he 
introduced in the Indian family plan¬ 
ning programme It is equally well 
known that a controversy surrounds 
the use of the injectables. with two 
sharply opposing camps, one vehe- 
meiilly lr>r' .ind the other equally vehe¬ 
mently against' the introduction of the 
inieclahie Since a decision on the 
injectable will atlect millions ot women 
in India, several groups are deepiv 
concerned over the implications of the 
governriKnl's policy regarding mject- 
dbles It IS, therefore, relevant for the 
public at large to he aware ot the 
issues MU founding the injectables* 
uintrovcrsy 

In Marth soon after the news 
about sun.essiul' trials ot an injectable 
contraccpli\e was announced bv the 
Indian Council of Medical t^esearch 
uiMio the Centre for Education and 
IkicumeiitLition iU'l)» in Bombav pub¬ 
lished a Ifvpage ho*»klet titled Inject- 
ab/es Innu.iciiLitc Cirntr^ceptinn^' The 
hookli’t has summed up the issues for 
{hi lay public One pertinent point 
laised 111 the lI.I» hcMiklel is the iniect- 
ahie cuTienth’ on trial in Jndia is 
nnrethi derone eiianthale (Nel-EnI 
manutactured h\ the West German 
firm, Scluring. and not enough is 
known about this particuiar drug. It is 
not an inii stable which is widely used 
in the world as vet and theie is ver>' 
little available mloimation about its 
short term and long term side-ellects 
and salet\ 

The world widt c onlif»ver.sy has 
mainK suriounded the iise o| medrow 





progesterone acetate or Depo Ptovera 
(DP) by llpjohn. an injectable u.sed on 
about ID million women in 80 coun¬ 
tries r»ver the past 15 years. Since 
iniectabic contraceptives have some 
general principles in common, it is 
relevant to examine the controversy 
over i)f\ elements ol which are equally 
applicable to other injectables. This 
relates not only to the scientitic criteria 
but also the factor ol social control' 
which IS a key issue in the mieclables 
uuitroversy. as important in signifi¬ 
cance as the doubts about the side- 
ettects and .safety 

l-et s have a look at some basic facts 
about DP and Net-En. culled from the 
CLD booklet. It is an extremely well- 
researched report whose scientific facts 
have been taken from impeccable 
.sources like the George Washington 
University's Population Reports, WHO 
pubiication.s like World Health, and 
other respected academic journals cov¬ 
ering population i.s.sues. 



Injectable contraceptives (ICs) are 
progestogens which are .synthetic 
compounds resembling the natural 
female hormone proge.sterone. They 
prevent pregnancy in four ways: by 
inhibiting ovulation, hy changing the 
texture of the cervkal mucous so as to 
toim a barrier to the invading sperms, 
hy making the endometrium (lining of 
the uterus) less suitable for the implan¬ 
tation of a ferliicsed ovum and by 
decreasing the rate of transport of the 
ovum through the fallopian tubes h> 
the uterus DP resembles progesterone 
and acts more by preventing ovulation, 
while Norigest (brand name of Nel-En) 
acts by tfiickening the cervical mucous 
and IS structurally similar to testoster¬ 
one (a hormone secreted by Itie testis). 

DJ* accounts for 98 per cent of the ics 
used in the world, both in the western 
countries like France. Sweden, West 
Germany and Norway and the develop¬ 
ing countries like Thailand. Bang¬ 
ladesh, Africa and Utin America, dp 
has not been officially sanctioned m 
India, hut it has been used off and on by 
private family-planning workers in dif¬ 
ferent parts of the country. Net-En, 
however, has been on trial and icmr 
deputy director general. Dr B. N. Saxeha, 
has claimed that after testing on 
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The issues at stake 


Vimal Balasubrahmanyan 


2,600 women at 14 research centres no 
'serious' side-effects have been re¬ 
ported. When CRi) investijfiators 
approached the Institute for Research 
in Reproduction in Bombay, an icmr 
unit involved in the ongoing trials, for 
more facts on Net-En, they were told 
that no information could be released. 
Th|| example of up is. however, suffi¬ 
ciently relevant to the Indian situation 
because of the possibility of the govern¬ 
ment soon giving the green signal to 
the injectable form of contraception. 

Why an injectable? 

The first question is: why an inject¬ 
able^ ICS are claimed to be as effective 
a.s the pill in preventing pregnancy. A 
single injection confers contraceptive 
effect for three months. It is easy and 
quick to administer. It cannot be ‘for¬ 
gotten' by the woman like the pill. In 
the eyes of policy makers it thus has an 
attractive ‘co.st-benefit ratio' for use in 
a ma.ss programme. It is also claimed 
that the sidc-eflecls of oestrogen, an 
ingredient of the oral pill, are avoided 
by using the injectable There is a catch 
m this in actual practice In many 
instances, oral oestrogen is given 
routinely to DP acceptors as adjunct 
therapy for the heavy bleeding which is 
a frequent side-ctteci of the injectable 

UP has a range of disagreeable side- 
effects* men^’trual Lha<»s which begins 
with initial, heavy bleeding followed by 
alienee ol periods; intermittent and 
unpredictable bleeding ranging from 
spotting to heavy blood loss, weight 
gam, hair loss, diminished libido, de¬ 
pression and headaches All these*are 
side-effects which cause much distress, 
discomfort and inconvenience to 
women, besides being unacceptable in 
certain .socio-culturai mi’ieus with 
taboos as.sociated with menstruation. 
These side-effects are termed by the 
supporters of the injectable as "not 
serious” and "not harmful " This atti¬ 
tude overlooks the fact that these 
side-effects provide strong motivation 
for discontinuation by users as well as 
drop-outs from mass programmes. 

Long-term .safety of up is a subject of 
controversy mainly in the matter of 
interpretation of research studies. Stu¬ 


dies on beagle dogs have shown the 
development of breast tumours and 
experiments with rhesus monkcy.s have 
shown the development of endometrial 
cancer. OpponenLs of the injectable .say 
that both findings are cause for con¬ 
cern which constitute a .strong argu¬ 
ment against the u.se of the injectable. 
Proponents of the injectable say that 
the particular animal studies were 'in¬ 
appropriate' and that the findings.are 
not applicable to human beings No 
adequate long-term studie.s have been 
done on women who have received the 
injectable over a period of time. Such 
studies would he difficult to carry out 
because the countries where it is in 
mass use are also the countries where 
long-term monitoring of acceptors 
would be difficult, given the prevailing 
inadequate health-care network, typic¬ 
al of developing nations. Some studies 
of women on the injectable, report a 
higher incidence of cervical cancer but 
this again is disputed hv the two sides 

Another possible consequence of UP- 
use I.S infertility which also has been 
inadequately researched. Several re¬ 
ports mention a delayed return to 
fertility after discontinuation while 
there are some suggestions of possible 
permanent infertility Because of the 
uncertainty, WHO recommends that UP 
should only be used by women who 
have completed Iheir families. 

The risk of foetal abnormality has 
al.so not been completely researched. 
This risk exists when pregnant women 
receive the inieclion- a verv distinct 
possibility when the ks are used in 
mass programmes with insufficient 
.sciecmng of potential acceptors. Also, 
while UP does not seem to depress 
lactation like the oral pill, it is .secreted 
m breast milk and the effect on breast¬ 
fed infants has not been adequately 
monitored. Some effeels mav .surface 
only during the puberty stage of the 
child, as has happened during diethyl- 
stiboestrol adiTiini.stra(ion (a nonstcroid 
oestrogen used theMpeulically as a sub¬ 
stitute for natural oestrogenic hor¬ 
mones) which u.sed to be given to 
pregnant women to prevent threatened 
abortion. It was subsequently found to 
cause vaginal cancer in exposed babies 


many years later after they had grown 
up. 

Who has .said that the effects of ic's 
on the later development of infants 
exposed in utero are not known. It has 
al.so said that the research should go on 
regarding the metabolic effects and 
physiological con.sequences of long¬ 
term use of mjectables on carbohydrate 
and lipid metaholi.sm. According to a 
report bv Stephen Minkin (formerly of 
tTMC KKi. who has been a vocal opponent 
of DP. the immune responses are 
affected with up use thus increasing 
vulnerability to infection This is a 
.serious contraindication for u.se on 
malnourished w«)men in countries 
where the health care system is gro.ssly 
inadequate, liis stand is based on an 
interpretation of the monkey .studies 
which have shown up to be an 'im- 
muno.suppre.ssive’ drug, which results 
in ‘lowered host resKstance to infection’ 

However.^ both the who and the 
International FManned Parenthood 
Federation are m favour of using the 
injectable for contraception, especially, 
in developing countries on the grounds 
that its benefits outweigh its health 
risks. The risks of the injectable are 
seen bv its supporters to he less in 
magnitude than the risks of repeated 
pregnancies which have resulted in the 
prevailing high maternal morlahly 
rate. It is argued that other contracep¬ 
tives like (he pill and the Il.iN (in- 
Iraufcrine devices) also have side- 
effects and that the injectahles are ‘the 
best of the had lot' 

Coniroversy over the use of irnect- 
.ihles has faken a piquant turn with the 
furore in UK and USA thh Near, regani- 
ing the licen.Ning or ui^ in Ihese coun¬ 
tries I »r wide c(»ntKuepti\v use In UK. 
UP IS licen.sed onl\ for limited short¬ 
term use hv women who.w partners 
have had a vaseetomy and are waiting 
for the sperm lount to drop: and hv 
women who have received rubella vac¬ 
cine against tierrnan measles and need 
effective contraception for the period 
when the vaccine is potent. However, 
since la.st year, .supporters of UP (which 
includes the Medical establishment of 
UK) have been urging the Health 
mimstiy to license the drug lor long- 
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tcim contraceptivt um* So far the UK 
Health ministry’ ha«^ not allowed long¬ 
term use even though its own Commit¬ 
tee for Safety of Medicines has recom¬ 
mended that it should be allowed foi 
use by those for whom all other forms 
of contraception have been unsuitable 
and for those wh«> are ‘incapable' of 
using othei forms of contraception. 
Interestingly, the UK Health Minister 
last year ruled that the risks outweigh 
the benefits 

In the USA. the Food and Diug 
Adminislidtion (ri)\) is reviewing its 
earlier relu.sal to license DP for con¬ 
traceptive u.se DH. however, is used for 
treating certain gynaecological dis¬ 
orders and other medical problems, 
including abnormalities m physical 
growth and development, and various 
types of malignancies such as cancer of 
the uterus, breast, kidney, testis and 
bone Thus the drug is not banned a.s 
such, and there is no provision for 
preventing its u.«e for contraception. 
Similarly, though not licensed for 
contraception in the UK, doctors are 
free to prescribe it at their own di.scre- 
tion In both countries there have been 
umpteen reports of the ‘selective’ and 
‘racist’ use of DP on women of the low 
socio-economic group, without their 
full awarene.ss of the risks and frcguent- 
Iv without their informed consent 

Pressures build up 

The pressures on the PDA to officially 
heeiisf i)i* ror contraception comes 
maiL'v from (apart fiom the manufac- 
luiers. Upj(ihri) the various population 
control aid agencu ■». including I said. 
which are at present inhibited by the 
Pi>\stand when they !r\' to promote the 
drug in the ThinJ vVorld The US law 
prohibits expcol ol piodncls not 
licensed to? u.i at (lome Further, 
there is n.ilural he'^itation amcmg some 
(not all I ol the 'I bird Woild govern¬ 
ments to .jIIow the use ol a drug not 
acceptable in terrriN ol Svitetv in the r^h 
nationN Anning opptments ol the in- 
jeclables are Kalph Nader’s Health 
Research Clioup .md feminist and 
health activists the world over 

Opposition [0 iniectables has two 
aspects, the unoiniiort.dde side effects 



linnily plcinniirj 


and long-term safety con.stitute the 
health aspect The other is the poten¬ 
tial for misuse of the injectabics 
because of the .social control wielded by 
those who administer it. For example, 
it is feared in the West that if it is 
licen.sed for long-term use it will be 
u.sed mainly on the poor, the di.sadvan- 
laged, the blacks and the ill-informed. 
and when thus u.sed the safety aspect 
and the side-effects may not be adequ¬ 
ately explained to them. 

In the Third World the majority of 
women belong to the Cdtegory of poor 
and di.sadvantaged and thus what is 
seen as the raci.^^t and selective use of 
tile injectable m the rich nations, 
becomes in the devtloping world a 
major onslaught on large numhers of 
women Tins has indeed been the case 
in Thailand There are reports tliat at 
refugee camps in Cambodia, women 
were olfered chickens and <rther in¬ 
ducements to accept the iniectable. In 
a mass programme, there is potential 
for indiscriminate use without proper 
screening and wilhoul the inlormed 
c*)n.sen! of ‘atcephrrs' in the frenzy to 
meet ‘targets’ and fulfil 'qufilas'. ThN 
issue ol social control in w'hich the 
women rnav hecome vutines, is what 
most worries ’ic opponents of the 
inieitable iri the Third World. 

Minkin and other critics in the West 
have alleged that .scientific studies are 
being manipulated to yield ‘favourable’ 
results and that most of the studies are 
being done by the supporters of the 
drug and are therefore biased. They 
have also alleged that the findings of 
past studies are not made freely avail¬ 


able and that ‘undesirable’ findings are 
being suppressed so that the iniectables 
can get a green signal for mass use m 
the Third World. 

And finally, abuse of the injectable is 
of particular concern in countries like 
India where injections are widely equ¬ 
ated with ‘good medicine’. It has been 
argued that women themselves vaant 
and ask for the injectable and Jiat 
many are prepared to suffer both the 
side-effects as well as the long-term 
cancer iisks because they desperately 
want contraception. There is a differ¬ 
ence, however, between women mak¬ 
ing d truly informed choice with full 
knowledge of risks and women asking 
for and getting an injection without 
being told about all the a.spects. 

The ‘Campaign against Depo Prove- 
ra' in UK has d(»cumented hundred.s of 
examples from all over the world about 
the injectable being foisted on llic 
unsuspecting Stephen Minkin hus 
documenleil the tad that the manufac¬ 
turers Upjohn have themselves admit¬ 
ted to paying large amounts as bribes 
to Ifie hospital employees and govern¬ 
ment agcneie.s in varnius countnes so 
as to increa.se sales of the drug. The 
admission was made at an official 
Congressional deposition. 

Thus It IS seen in the controversy 
<»ver inji^ctahles that the scientific 
norms on safety are inextricably linked 
with i.ssues of social and economic 
concern In India, the feminist and 
health groups are anxious that the 
public should be fully aware of all the 
issues .surrounding iniectables If the 
go'»ernmenl decides to introduce the 
iniectable in its official family planring 
programme, an informed public will be 
better armed to prevent abu.se and 
avoid the tragic happenings which have 
occurred in less vigilant countries. It is 
also the objective of the opponents of 
the iniectable to create a public 
demand for research into safer, accept¬ 
able forms of contraception which 
carry no health risk and which have no 
inherent potential for abuse. 

Halasuhrahmanmm is a free lance joimialtst 
ivntma chiefly on six lu-meditul and lemirtisl 
issues 
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Leather goods manufacturers and exporters 

Remember your product has to 
meet international standards. 
Make sure your stitching 
doeSy too. ^1 


Madura Coats now offer you 
a complete range of 
synthetic threads j| 

* Continuous Filament Nylon! 
(Bonded also) 

* Polyester (Staple Spun and 
Continuous Filament) 

* Core Spun (Polyester/ 
Cotton and Nylon/Cotton) 

for quality stitching of 

* Footwear and footwear 
components 

* Sports goods 

* Leather apparel and 
accessories 

* Saddlery and harnesses 

* Travel kit, handbags and 
wailets 

* Belts and watch straps 

* Fancy and small leather 
items 




, A 

\ 


tht thread makers 




For more details, contact 
Thread Advisory Service 

Madura Coats Ltd. 

10/4 Kasturba Road 
Bangalore-560 001 


CHAITRA.MC lOH'i 


Improved green pepper canning 

Philippine solar 
collector 



Flow disif(ram for production of canned green 
pepiter 

A ILi\M ()l NCiL’ntKsls led bv M (Inptil.jk 
nshnan jt I he Ui^iondl Keseaah 
I.abi)i,il()iv ill Tnvandiuin has developed an 
iniptowii pKKess loi uinnin^ n( ^leeii 
pe[>pLi r.ailiL) ath rnpts had tailed due In 
disuilumatmn m| niveiinji liipnd. luplui'ii^ 
ill hums j»elaln)n and sedinienlalion TIu 
new pi ill ess nveicones these i'»ii)blern.s and 
inaiiu nils Ihi hesliness and LhaiaclenstK 
tasfi- Ml ^leeii pepper 

I he piMiiss involves seleclion »il pepper 
at a sli^^hlly miniature staftc which is despiked 
and sleeped in chlorine water lot 
.il) niinii‘n.s riien the hernes are washed 
lfiijrniiplii\ filled in lans nl required si/es 
!»• lliL appmpn.ite levels 'Ihe eans are 
lin.ilK li!li‘d vmMi hnne tontaininj' the 
pernn -slide addilivi ^ t shaiisfed sealed and 
proiVsSLd Inr l•‘qlln^•d iliir.ition 

r!i‘ pr'ihlem oi ihsu»ioutalinn has heen 
sohu! h uilahh. ailm'lini* the plJ Ihvd 
ri»ytM ion .ktiulx) o| llu uiverin^* liquid 
The luptimni* oi huiies yel.rlmn and 
sexiiment.ition »»! slarih is prex'ented by 
.idinsimo llu heat proiessin^^ (he pmper 
test Mil. piiii^eiiiV and l!.i\'oui ot peppu is 
maintained hv wieLlin^ it when it al 
optiiniiin matMMt\ 



A LOW-COST, simple to operate, h\0\\y 
efficient, parabolic cylindrical solar 
concentrator has been designed by Mr. J. G. 
Real of the College of Engineeringf^nd 
Agroindustrial Technology of the 
Philippines 

The solar concentrator focusses .solar 
radiation to heat energy collecting mate¬ 
rials. like copper, steel and bronze tubes of 
high thermal conductivity and produces 
energy in large quantities for boiling water 
and heating fluids. By adjusting the flow 
rates of these fluids, different working 
temperatures can be obtained. It is claimed 
that the device boils water in 2*/2 minutes. 

At the centre of the tube, the tempera¬ 
ture can go up to ]60"C; this can be 
increased if the tube i.s coated with black 
sooting material. Without this black co;.^ 
mg. the efficiency of the collector is an 
estimated 21 per cent. 

The device has three mam components* a 
wooden mould frame, parabolically cut and 
lomed together to serve a.s the skeleton ot 
the concentrator, the reflecting sheet, made 
of a rectangular GI sheet covered with a 
plastic-aluminium foil, and a water film 
.sealed m between to provide a sharp focus, 
and the copper collecting tube of I cm 
diameter and 91 44 cm length, rigidly held 
m the line of focus. 

The solar collector, which can be assem¬ 
bled m .30 minutes, costs about $7. 

Spotting the tippling 
motorist 

R esearchers m We-St Germany have 
developed a cheap and portable alcohol 
analyser called Alcomat which determines 
the concentration of alcohol in the breath 
within a few seconds. The unit can be 
operated on a 12 volt automobile battery 
(mobile) or a 220 volt system (stationary). 
The analyser is easy to operate and shows 
the exact result as a digital figure and 
documents the values measured Faulty 
measurements caused by hasty or inter¬ 
rupted breathing and by residual alcohol in 
the mouth are eliminated. 

The measuring method is based on the 
principle of infra-red ab.sorption. It makes 
use of the close relationship between the 
concentration of alcohol in the breat^i and 
in the blood. Ethyl alcohol is known to have 
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the property of absorbing infra-red radia¬ 
tion particularly heavily at a wave length of 
3.4 microns. This produce.^ an electric 
signal which corresponds to concentration 
of alcohol. 

Before and during each measurement, a 
microprocessor in the analyser monitors all 
functions of importance thus excluding 
operating errors. In a breath test, the 
correct rendering of a breath sample is also 
continually monitored, and there is a check 
to see whether the air is exhaled deep from 
the lungs. The result of the analysis is 
digitally displayed immediately after the 
sample has been rendered, and is printed 
out a.s a measuring report giving the date 
and lime. Another important feature of the 
Alcomat is the fact that the quality of the 
analyses made in the police patrol car is the 
same as those produced at the police 
station. This is achieved by compact design 
and battery operation 

Ttie use of the Alcomat will considerably 
helf] to improve police-motorist relations. 
Both now see an “incorruptible, highly 
precise" reading. The police no longer has a 
"margin of di.scretinn" as with the test 
filters, where it wa.s only possible to analyse 
a lather indistinct colour line As this 
method ot te.sting is known to produce 
relatively big mistakes, while a measure 
ment using the Alcomat is much more 
accurate, the number of alcohol suspects 
will in future he much smaller than in the 
past. Many innocent motorists, all too 


Innocent motorists no longer need under¬ 
go a blood test 



quickly suspected up to now, need no 
longer undergo a blood test. 

The cost per test will be considerably 
reduced, being determined mainly by the 
mouthpiece alone. 





T urbi ne-powered 
individual lift device 

W ASP II, a lurbine-poweied. mJividual 
lift device which can take off vertically 
and enable a person to fly lor minutes at 
speeds ol 96.5 km/hour, has been developed 
by a U.S. firm The device has been 
.succe.s.sfully flown by civilian and military 
personnel 

Wasp II IS compact and has no wings or 
exposed rotor.N, allowing the operator to 
reach areas that helicopters and other 
transport devices cannot reach It can also 
land on a 3 7 square metre area The small 
turbofan engine producing thrust m the 
272 kg class is mounted in front of the 
operator and is completely enclosed. Dur¬ 
ing flights, the operator controls the vehicle 
by leaning in the desired direction The lift 
devbice will decelerate rapidly, move for¬ 
ward. backward, sideways, hover and rotate 
on Its axis. 

Mini-hydroelectric 
schemes for viliages 

T he Hydro Systems (Tasmania) Pty (Hsn 
of Austialia has developed small hyd¬ 


roelectric schemes suitable for power 
generation in villages, meant particularly 
for South-east Asia and other developing 
countries. The sy.stems generate 50W to 1 
MW of electricity, depending on the needs 
of the particular village. 

One of the hydro systems offered is the 
HST Crossflow turbine which is claimed to 
produce more kilowatt hours of electricity 
from a known quantity of water than a 
conventional Francis turbine, when aver¬ 
aged over a full year. The Crossflow is 
simple to construct, is self-cleaning and 
suffers no cavitation It is unaffected by 
altitude and is highly versatile. The efficien¬ 
cy generally exceeds 7b per cent for the 
smaller sizes and 80 per cent for the larger 
diameters. 

The MST hydroschemes are claimed to 
require comparatively little maintenance, 
use no fossil fuel and have a life of over 40 
years. 

Elastomer formulation 
for printer’s rollers 

I SROTIIANE—(II. a polvurelhaiu* elas¬ 
tomer lornuilation (oi punter's rollers 
has been developed hv (he Indian Spare 
Kesearch Organisation ii.^im. from Isrop<il 
prep*)Iymer. with a hvdroxi compound such 
as castoi oil as cross linking agent and Irate 
quantities ol organo-tin uitalvsls Prinlei’s 
rolleis made from Isiothaiie-Ol wrn tested 
at the Institute of Piiriling TeLhnoIogv. 
.Madias, and l«»urid to give gciod lovering 
capaLitv. withstanding walei and kerosene 
cleaning, thev did not absorb i)]| or pi inting 
ink It IS dmiensionalK stable with a (ensile 
.strength of.') h kg iin elongation ol IdO 
2(in pel cent and Shore \ Hiirdiies'* 30 

Mending broken bones 

A n external iixalion s\.sU'rri (o hf»ld iia*,- 
t,.ired hoMLs in a leliablv ngid p.)silion has 
been developed bv an Israeli i^oiunn It link*, 
various points on Ilk li.ufined hone t^^ a 
coinplelelv iigid metal bn (ariicd 
outside the affeild limb Hie Iinktn!e.s. bv 
pins thiough the skin Lan be installed 
under hual anae.'-thesia jiui avo'«l fhe 
trauma of iiioie exteri.ne invasive suigeiv 
After the pins have hem lastened to the 
hone, all neiessan' aJiiisimenis c.m be 
made evternallv, to achieve optimum align¬ 
ment By tins .svstem, liean* and cLiniher 
.Mime pladei »,a-ts. which often cause 
extensive skin irrifafiuns. can be einnin 
ated no small advantage in hot climale.s 



Subba Rao gets Borlaug award 


The Borlaui^ award for 
1982 goes to Dr. N. S. 
Subba Rao, head of the 
microbiology division of 
the Indian Agricultural 
Research Institute, for his 
contribution to the de¬ 
velopment of agriculture. 
Dr. Subba Rao s work (ill biological 
lixalion of nitrogen and biofertiliser tech¬ 
nology has been rcLognised the world over 
Me IS also known lor lundamental and 



applied leseaiih on soil microbiologiLdl 
problems related to plant growth 

He has played a kev role in evolving 
efficient strains ol nodule bacteria (rhizo- 
bia) for various leguminous crops and has 
recently developed a new ‘\zospinllun} bio- 
tertiliser lyr sorghum and millets 
The Borlaug award, instituted by the 
Coromandel Fertilisers Ltd. carries a gold 
medal and Rs 10.000 in cash. 


Krishan Lai 

Dr Krishan Lai. head of the Materials 
Charaeterization Divi.sion of the National 
PlivsiLdl Laboratory. New Delhi, has been 
elected a tel low of the Indian National 
Science Academy In association with Dr A 
R Veima. Dr Lai and his group have 
developed a number of advanced techniques 
for growing and characteiising neaily per- 
tett crystals Dr Lai has authored more 
than .10 ie.search papers and has edited a 
book. Synthesis. Crystal Growth and 
ChardLtenzation 


D. V. Rege 

Prut D V Kege, who has taken charge as 
Director of the University Department of 


BRAIN TEASER 


The colour of the sticker 

T MKRL are ioui tiiends A.B.C and 1), and 
stickei s. .1 1 '-d and 2 vellow A.B and C 
are blindfolded and made to stand in a row 
by D wiv* slick', a sticker each on their 
backs and hides the lema ning 2 stickers 
When uniolded, A can see the slickers ot B 
and B tan see the sticker o! C only, 
wheieas c cannot .see any D asks A whether 
he can guess the colour ot the sticker on his 
back. Even .*ftc r .seeing tho.se of B and C, A 
replies he cannot On asking B he gets the 
same reply Finally. D asks C wheiher he 
can tell the colour ot the sticker on his 
back C knows it' 


Chemical Technology. University of Bom¬ 
bay. brings to his job a varied experience 
Me did his PhD (Tech) from the University 
of Bombay where he has been a Professor of 
Food Technology for about 15 years, spe¬ 
cializing m nutrition, edible protein and 
microbiology He has guided several stu¬ 
dents for PhD Tech. 

R. A. Mashelkar 

Dr K A .Mashelkar. head ol the Chemic¬ 
al Engineering Division. National Chemical 
Laboratory (NCL), t^une, has been elected a 
fellow of the Indian National Science 
Academy, in recognition of his outstand¬ 
ing conliihution to polvmer .science and 
engmeerm^', notably in industrial pidymer 
reactor modelling and simulation. The 
polymer .science and engineering activity 
which Dr Mashelkar has initi<ited at ML has 


led to the estahlishmenl of a unique school 
in this aiea in the countr\' 

Dr. Tomalla Foundation 
Award 

The Dr Tomalla Foundation in Vaduz, 
Liechtenstein, has awarded its first pri/e for 
outstanding contributions to gravitation 
and cosmology to Dr S Chandrasel/iar, 
profe.ssor of astrophysics at the UniversiVy of 
Chicago, and Dr A D Sakharov, member ol 
the Soviet Academy of Sciences 

V. L. Chopra 

Prof V L. Chopra of the Indian Agricul 
tural Research Institute. New Delhi, and 
Secretary-general ot the 1.5th Intel national 
Genetics Congre.ss. has been elected presi 
dent of the International Genetics Federation 


This cartoon published in 
SCIESCE TODAY, January 
1983, was selected last year 
for the International Exhibit 
tion of Cartoons at Montreal, 
Canada. It was done by Mr. 
Suresh S. Sawant, an artist 
with the Indrigal Comics of 
the Times of India group. 
Mr. Sawant is also the 
creator of the 'Bambaiya" 
comic strip. 



What IS the colour of the slicker on C's back'' 

Wilfred DTosta 

(Solution next month) 

Solution to last month’s brain teaser 

How many wickets Kapil? 

Let X “ wickvts claimed by Kapil = 
wickets claimed by Ravi, y = wickets 
claimed by Madan. z = wickets claimed by 
Binny. 

The solution should satisfy the following 
conditions, as stated in the teaser. (1) x > y 
>> z or 2x > y -F 2 , where x and y arc perfect 
squares, (2) x. y and z are greater than 10. 
(3) 2x y -F z = 100. 

Since X 1.S a perfect square and greater 
than 10. we have x = 16, 25. 36, 49 64. 


81. . and so on If x ^ 49, y + z 100 - 98 
-- 2 which does not satisfy the condition 1. 
Hence, all values sucli as 49 and above are 
ruled out. If x lb, y f z - 100 -- 32 - 
68 Therefore, 2x <' y + z which is agam.st 
condition 1 If \ = 25. y + z — 
l00-.50=.50 Hence. 2x -- y 4 z which is 
also against condition 1. If x = 36. v -f z = 
)()()-72^28 So, 2x>y+z. which 
satLsfies condition 1 

Since y IS a perfect square and y and z are 
greater than 10, y = 16, z = 28-16=12. 

(If y=25, then z=3. which is less than 
10. hence ruled out.) 

Hence Kapil, Ravi, Madan ai^d IhViny 
claimed 36.36,16 and 12 wickets <(e.spec- 
tively. 
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GMNV MAN GROW! 

AND LADIES TOO! 

Ari you foil up with boing eallod *Shorty\ 'Little Man* or oven 
*Ney you down there'? 

Now tor the first timo in Asm, a complete step-by-step illustrated method that 
shows you how to add centimetres to your hoight 
Grow aa much as 5 to IS cma. in just 2 short wooka...or pay nothingl 
ProsontinQ the NEW HEIGHT method for growing taller—whether you're young or 
old. man or woman No gadgets or strenuous esercises no artificial aids like 
elevator shoos, no oppimnces New Hoight is on all - new. scientific method bosod 



A TORRENT OF TRIRUTES f 
FROR; new HEIGHT USERS - l||r' M 

ditin'i ihtnk >r toas * 

ros^thle to /»atn height Bui i jK 
10 my delight. New Height Lmff 
helped me to keep going 
until I reached cwi*' 

^'‘1 he New Ilet^ht Lourse W 
• E math Its weight in gold 
und in.ire' My Itje has m 
t hanged unce I gamed M 
ti tifiA. in htight ” ' ^ 

K H ^NEWHEIGHF 


^ Wlipthei ii be social success 
^ dl love sports jobs or pleasure 
V the tall man always seems to 
get there iirst So act NOW lor 
VRh a new you Tall up rapidly and 
permanently Be Taller NDW 
Please note that the NEW 
RHL \ MFIGHT COURSE is a BOOK 
IfijBBi \ OF INS IRUCTIONS on how 
lUnuH V \ lo be taller and how to 
V > coiiPLt the posture with 
\\he help of reilain scicn 
^ \lific<>xierases IT IS NOT 
' ' AMEOICINLORORUG 


MEW HEIGHT lordtrlepi <{ I 1 .) Mihia Miliil 15 Malhn. Hgad Bombay 400 M 4 

Yes I went fo be liiller llush NEW HFIGHT lor 10 (<ey liee home trial If not fully satisfiid 

I may upturn everyihino for immcdMtP refund (less postage and foiwarding charges ) 

Please ticfi fiTappropriBte box 
n Send hy Registeied Post Parrel I am sending Rs S4 by Chiqua/Drafi/ 

I P U /M 0 No III (Peyoblf 10 Rullirarliir Pf t lid ) 

I I Send b'y V P P I pioniue to pay postman Rs b4 on delivery 

Name. . . 

Address. . 

. . Signature .. . 



A WORLD OF INFORMATION FROM 
TWO INTERNATIONAL MAGAZINES 



ELECTRONICS & 

NOW PRINTED IN INDIA BY 

dectromes 

A W 41.4 CIV ■, CIA- /A r iNDlj^L 

GRAND OFFER 

TOM INblANI MtAl / 

Avrn SOLDERING CUN woTth Rs. 66/- 




yours for l/3rd 
Price (Rs. 22) 




If you fill d live* yedi siihscni^rion to POPUI.AR 
HLECTRONICS INDIA NOW FOR FIVE YEARS 
FROM THE MONTH OF_ . . __ _ 


Name _ 

Ackliess 

Pincodt 

Send to 

Manarjei Circulation 

POPULAR ELECTRONICS INDIA 

2d 'S54 AZAD NAGAK, JAIPRAKASH ROAD, 

ANDHERI (W). BOMBAY 4()()()5S 


am remitlinq FLs 1S() 00 only 


Rs 150 {lot 5 year suliscrlpllon) -f Ks 22 C ird prirr of gun) <f Rs 8 00 
(Packaging 4- Posting) 


NO CHEQUES PLEASE 


.SCIENCE-trUUY PRBHIIAUV ittiu m 











Continued from page 19 

Oscilloscope—B: It is cs^^eiitially 
a cathode ray lube u.sed to pn)duie 
a visual imaj^c of one or more rapidly 
vary'ing eleLtncal guantitie.s. It pro¬ 
duces a visible pattern, which is the 
j^raphieal representation of electrical 
sij^nals bv variations »»t the pcisition of 
the focu.ssed spot or .spots in accord¬ 
ance with these signals 



An instrument used to measure precisely the absolute 
or differential boi ing points of solutions. This term is usually applied to an 
apparatus in which the percentage of alcohol m a mixture is estimated by an 
observation of the boiling point. ^ 


•-/. Spectroscope—B: A spectro¬ 
scope IS a device for observing the 
spCLtiLun of i(»lours produced by a 
prism oi a diffraction grating. This is 
now rarely done except in leaching, 
but the basic technique has led to a 
w’lde variety of devices such as the 
•speclrogiapli. the spectrometer, the 
spOLtrophotomeler and the colori¬ 
meter In spednrsiopes and .spectio- 
grapfis the whoK .spectrum of light 
radiation is observed at once by the 
eye or on a phiitograph There are 
both emission and absorptKm spectra I 
to he studied, emission .spectra con ‘ 
sist ol a .senes of bright individual j 
ioloui.s, wfiile absorption spectra art 
seen against the complete .spectrum 
of colour and look as it individual 
Colours aie missing i 


Electroscope-C: An instrument 
for detecting an electric charge by 
_ mean.s of the mechanical forces ex- 
1 erted between electrically charged 
! bodies The gold leaf electro,scope is 
one of the most familiar devices used 
, in schools and colleges. Invented m 
, J787, It consists of two gold leaves on 
a conducting rod used to detect a 
charge. On application of body the 
leaves go apart due to the repulsion 
between like charge.s 




iJ. Stroboscope—B: stroboscope 
IS a lamp winch produces flashes ot 
higli intensitv light at precise, con- 
tiollable trequeiKies, and it is pnmai 
ily ii.sed to produce an optual illusion 
of sliivvcJ or stopped motion This 
illusion IS a result of Hk- peisistence 
o( N’isioii of tfie eve. w Inch is its ahililv 
to lelain an ii...ige loi a had ion ol .i 
se*.ond allei it Ims disappc\ned Stro 
b( scopes ha\i. (.alihratcJ speed ion 
liol iliais and so I fie speed of .i 
mlaling ohieci can be accurately 
determined hv adiiisling the iVeqiiencv 
of the stroke until the oh|ed appeals 
st.itionaiv lit winch point it.N speed 
uiriespoiuis to the light iVequenev 
shown on the valibraled dial. 
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Clnemascope-A: The key to the 
Cinemascope wide screen, introduced 
in 1952, is the costly anamorphic 
lens. In making the films, this cylin¬ 
drical lens squeezes the image to half 
the normal width. This width is more 
corhSistent with the eye’s normal field 
of Vision than the conventional frame. 


w . Koniscope—C: An mslrument 
which indicates the presence of dust 
particles in the atmosphere 


O. Fiuoroscope—B: A fluorescent 
screen designed for use with an X-rav 
luhe to permit direct visual oh.serx’a- 
tion of X-iay shadow images of oh- 
lects interposed between the X-ray 
tujie and tfie .screen Television can 
also be used to magniK’ the si/e of the 
image which can he viewed on a 
monitor screen and recorded on film 
or video tape 

A photograph made fntm a fiuoroscope 
being examined 


Aerobioscope—C: An instru¬ 
ment for the determination of bacte¬ 
rial content of air. This can easily he 
seqn the etvmological root of 
the wc^d which is compounded from 
aer<\iair) and bios (life). 



Doublespeak winner 

W K did not have as many takers lor our December quiz as we fiad lor Ifu 
Novembei one Perhaps our readers were bu.sy greeting the \ew 
Year -19S4. the Year of Orwell, which is all the more reason whv the> shf»ulJ 
have sent in lots of entries for our competition on Douhlcspeak. i)i ixrhap.', it is 
loo much to expect di.ssimulalion m the field of silence Ncvertlitless. the 
■‘lork-tongiieir’ Naresh Borkar of Panaii, ta)a. had the maximum niimbei I Do) 
of douhiv entendre w’ords At the end of the evaluation we were all doubled 
up—not m agony but in laughlerl 

Win a prize 

F or this month's quiz, let us evaluate your “scope". Send us as manv entries 
as you can on scopes a.s the eyes and ears of science Remember to send us 
brief explanations, too. The closing date tor the entries is 5 March 19tS4 
Incidentally, while we do wish to thank you tor sending us .so many entries on 
meters, we would like you to .stick to the .stipulated deadline please The enlr le.s 
keep coming in even now. 











"SAVE ME PLEASE 


P URSUED by unscrupulous “resear¬ 
chers", hunted by mercenary 
poachers, the West African chimpan¬ 
zee IS threatened vvitti extinction. 
Not that people aren’t concerned. The 
Convention on International Trade in 
Endangered Species k'ITES) has indeed ban¬ 
ned trade in wild chimpanzees. Rut the ban 
applie.s only to member nations nut all of 
whom are scrupulou.s about enforcement 
I-ast November, Japan, a membei of citks, 
used diplomatic privilege to flout the 
embargo and smuggle in IR) wild chimps 
from Sierra Leone 'Pwenty more of the 
hapless apes are on their way to Tokyo 
When questioned by the c’lTKs Secretariate. 
Siena Leone, a non-member nation, whiih 
ha.s neverthele.ss banned the export of the 
apes since 1978,'pleaded diplomatic press¬ 
ure from Japan which has still to reply 
Why are the chimps so eagerly sought^ 
First the “scientific” reason this great ape, 
widely used in medical and psychological 
te.sts, can get hepatitis K without falling ill. 
fience it has traditionally been used to test 
hepatitis B vaccines There are enough 
chimpanzees in captivity to satisfy the 
needs of biomedical re.search but they are 
expensive Bv contrast wild chimps are 
appallingly cheap. White hunters can buy 
them in Africa toi a paltry ten dollars per 
head. Hut it is the method of capture which 
is truly gruesome* poachers .say ttie onlv 
wav to catch a chimp is to kill the mother 
and get the infant So. for everv young 
I lump caught, one prime adult is 
butchered 

More tragic is the fate of the enslaved 
infants Once exposed, they become c* rriers 
of hepatitis and can infect both wild chim¬ 
panzees and humans Moreover, there is no 
ptadkal method of returning them to the 
wild 

Ediliei. Itie Austrian Consul in Sierra 
I.eone tried to circumvent the law by 
ottering to sel up a hepatitis “lesearch 
t-ti ihty” in that African State He claimed 
the Austrian C.overnmenl's suppc'rt for this 
dubious deal tor which he produced a fellow 
Austiian animal Je.iler The deal was being 
negotiated foi Imniuno. the Austnan multi¬ 
national film spi.t laiusing in vaccines and 
other pndikls horn livt tissue, Because 
Austria agned the ^ iit niiccohI in 198’J, the 
lOiTipany was no longer free Iri import wild 
chimps. And i» wa'^ unwilling to pay the 
price of animals bred m US centres (^^hlch 
supply mo.sl of lilt- chimps required tor 
research all ovei the world) 

Fortunately. I'.eza Teleki, Oiiedor of 
^'Sierra Leone’s first natMiiai park Outarnba 


Kilimi, advi.sed his Minister of Agriculture 
and Foresir\' against the prnpo.Sdl and 
alerted international opinion, lie found 
there wa.s no way to establish a breeding 
colony ut the magnitude required by 
Immuno from "just ."rO to (lO apes in a couple 
of years” Indeed, full production for the 
multinational tinn would mean eventual 
eradication ot the total population of2.0(t0 
or so of the wild chimpanzees now in Sierra 
Leone The Internationa! Primate Pmlei 
tion League and the World Wildlife Fund 
(WWi I immediately took up the case. .And it 
wa.s found that the Government of Austria 
did not supprirf the project But the 
Au.strian animal uealer wlio holds a mono 
poly on wildlife liade in Sierra f.eoiie 
cimtinues to flout the ban and has probably 
shipped the .')0 apes meant for the African 
“Ke.search Centie' to Japan 

In the en.suing fueror, the role ot the 
World Health Organisation (WiiO). winch is 
backint the researi^h on the hepatitis R 
vaccine, is iriereasinglv being questioned 
(While Immuno claims who .support, the 
New York University's Primate Research 


Laboratories, which are collaborating with 
WHO fur researcti on primates have 
denounced the plan to start an lmmun(> ape 
farm in Atraa ) The Aga Khan, an inhiieii- 
tJdl member ot the w\\.' has already wrihen 
to the President ot Siena Leone and o is 
under pre.ssiire to drop the project Accord 
ing to a report in the A'cve St /ent/st the Aga 
Khan has also written to the Director 
Cieneral of WHO ah<tut the violation o' Ih* 
Organi.satioM s own guidelines on I fie e\ 
ploitation of primates tnr biomedical re¬ 
search (the poliLV sav.s rare <»i endangeied 
animals must not He taken Irom the wild 
but from, “existing, sell sustaining hieed 
iiig colonies ' ) 

the crowning irony is that all the slaugh 
ter of apes will have been in vain Ttiank.s to 
recombinant ONA technology. Biogen. a 
Swiss-Americdfi firm has already developed 
a vaccine made from the non infeclive part 
of the hepatitis virus. And it is not apes but 
human beings who will lace tfic^vaccne m 
clinical trials that are slated to b^1ln eailv 


this year. ^ 

Vlthal C. NadK^i 
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RANDOM THOUGHTS ON CANCER 


I SHALL not be surprised, nay. [ am 
rather anticipating a report which links 
cancer to the use of a tooth-brush over 
a prolonged period. While 1 have neith¬ 
er the intention nor the capacity to ques- 
tion/ndicule the authenticity of the putative 
report it seems to me that there is a lack of 
a new sense of direction or thinking, not in 
term| of cancer therapy, but as regards its 
very ¥»ngin. 

Mankind has been struggling to free itsell 
from diseases But this battle has always 
been against foveign or alien invaders about 
whom we have gained substantial know¬ 
ledge in the last bundled years. While the 
struggle Lontinues, wtieii it comes to can¬ 
cer. it IS always against the self and seldom 
against the invader It will be immcdialely 
conceded thal. the self is very elusive, mo.st 
difficult to understand philosophically or 
otherwise and is often beyond comprehen¬ 
sion. Few philosophers claim an under 
standing of the self, even lewer scientists 
Indeed, there art* none to declare a total 
contiirehcnsion of the self Yet, some <»f the 
best minds of science have evolved the 
Cfmeept of sell and there are many who are 
erideavouimg to understand the laws of self 
or the realms of nature 

Cancer is often (he battle against the self 
or at least this is the way wc have been 
given to undei.sLand it Allemately. can we 
say thal on a grand scale of cosmic time 
.md function, Molher Nature engaged m an 
ixpeiinient which entails the .sacrifice of 
some of ils progeny to develop a new entity 
Or should we say lhaf the sell is frying to 


evolve something which it considers essen¬ 
tial to the sustained growth in future (like a 
tissue to carry out some yet unknown 
functions of the future) We shall be mis¬ 
taken to assume that the sell or nature can 
evolve such a system of functions flawlessly 
or thal .such an experiment can he res 
tricted l(» a few human generations. The sell 
will need time And the time-trame required 
to complete these projections in the future 
IS certainly beyond our conception The self 
wanted to hear and so it directed a part of 
iLself to differentiate into the auditory 
system. The self wanted to smell and .so it 
produced bv differentiation an olfactory 
system The self wanted sight and so it 
developed an opthalmic system The self 
wanted thought so it devektped a tissue 
which we have just begun to understand in 
the pre.sent century An increase in the 
cranial cavity volume is one instance. Was it 
increasing to accommiidate a larger-sized 
hrain permitting a large number of func¬ 
tions'-' We don’t know How long did this 
take and how manv mistakes must the self 
have committed during the differentiation 
pioce.ss till a reasonably acceptable organ 
was perfected’ Presumably, each mistake 
must have caused the premature demi.se of 
a large number of the seifs children When 
the self decided to differentiate into a 
functionally astounding organ such as the 
liver or kidney, its primordial appeaiance 
must have sent death .spasms in the then 
existing body Ils development, till it be¬ 
came an acceptable and functional body, 
must have looked like a cancerous growth. 


In Its evolutionary efforts the self has to 
work stealthily as it were again.sl the 
existing body, for otherwise, the creatine 
will nip the .self's experiment in it.s hud .Also 
the young ones have to he spared the ordeal 
of the experimentation for obvious reasons 
Yet the benefit ol the experiment has to he 
Iransinitlecl to the next generations 
So. perhaps a benign tumour i.s where 
the self has opened its laboratory to conduct 
a large number of experiments to design 
.something for the future. What it is and 
what il .shall become ceitainly demands an 
extraordinary mind to visualise In a benign 
tumour, the sell has a laboratory guaran¬ 
teed to last till the natural forces decide to 
terminate the verv housing or the founda¬ 
tion of the laboraloi’y To extend the 
analogy further, malignancy is where, the 
mes.sages or the instructlon^ or the signals 
have really cro.ssed over resulting in (he 
premature (eiiTiination of the housing, 
perhaps much to the chagrin nf the self. 
The self can correct and to some extent it 
docs correct a Jicnign growth but the 
corrections need exquisite liming So we 
must look into a henign tumoui and ask 
questions in a manner the self can under¬ 
stand and reply, and then try to compre¬ 
hend the futuristie experiment ol the .self 
Perhaps, this could be the hope on which 
we can base oui underNtanding of cancer 

M. S. Gore 

Dr Gore /> workinq in the lihH.hetm\trq Food 
Tet hmlouu l)wi\um of lihobha Alomn Research 
Ceutre, mm I liomhay 


' Monkey business 

C AN you ldenti^y a liar (or a 
traitor) with a gadget like the 
he detector or polygraph’ * 
Many people including Amer¬ 
ica's Central Investigation Agency 
(CIA), seem to think .so. The CIA is said 
to be cajoling the British Government 
into forcing civil servants with access 
to top .secret inaterial to take poly¬ 
graph or he detector tests The CIAs 
proposal for the pilot scheme on poly¬ 
graphs came following the conviction 
of a translator for espionage. He was 
working at the Government Com¬ 
munications Headquarters (GCHQ) in 
Cheltenham. The GCHQ liases with 
Amenevi National Security' Agency 
knd CTA. 

^ Jjmever, according to expert, de¬ 


spite Its ''scientific'' aura, the scheme 
IS as hare-hramed as the medieval 
witch hunts. An American psychiatrist. 
Professor David T. Lykken of the 
University of-Minnesola, says there is 
not a shred of scientific evidence that 
polygraphs can correctly identiiy peo¬ 
ple who arc lying about whether they 
have given away state secrets In the 
US itself the lie detector lest is regarded 
as a psychological test which ‘'pick.s 
out fear lather than deception." 

More .seriously. Di. Lykken .says 
polygraphs implicate people for the 
crimes they did not commit. Three 
studies in the US found respectively 
thal 39 per cent, 49 per cent and 55 per 
cent of the people accused of lying 
were in fact innocent. Dr. Lykken also 
cited another study at the University of 
Pennsylvania that found polygraphs to 


be biased against “highly socialised" or 
very honest people! 

That does not prevent the prolifera¬ 
tion of polygraphers. Only a dozen of 
the 10,000 practising polygraphers are 
trained psychologi.st.s; their only 
credential is that they have taken a lie 
detector "couisc" tha( lasts from b to 
12 weeks. And incredible as it may 
seem, these polygraphers are allowed 
to judge people with an instrument 
^ which ha.s questionable utility 

Dr. Lykken was speaking at a confer¬ 
ence organised by the SiKicty of Civil 
and Public Servants. The society is 
concerned that the scheme wiU spread 
'to the other parts of the civil service 
and Dr Lykken says entrepreneurs 
plan to .set polygraph companies in 
Britain to also screen employees of 
private companies. □ 



SKV IN FEBRUARY 1984t 

Zodiacal llgid in tlM ovenlagdQr 


Nagpur 21 OOhlST 
As on I5lh February 1984 
Magnitude 21® N 
longitude 79^ IE 
Sidereal time 6h 25in 44 4s 


A strip of zodiacal light will be best seen 
after an hour and a half past the local 
sunset over the central latitudes of India. A 
narrow column of diffuse light will be seen 
to extend from tht west to the zenith It 
usually lasts for about half an hour. 

Throughout the month, the mofion of 
red-looking Mars past Saturn will be a good 
thing to watch. Initially Mars will form a 
triangle with respect to Spica and then it 
vnll pass by Saturn on IStn at a yciy clone 
range Metcoiy and Venus wiH remam m 
the morning sky, but their altitudes wriil 
steadily decline every di^ Jupiter wtU be 


placed well above Venus. Mercury, Mars, 
Jupiter and Saturn will appear brighter 
every day while Venus becomes more dufi. 
There will be occultations of Saturn and 
Mars by the Moon on 22nd and of Uranus on 
24th, but none is going to be visible in 
India. The Moon will pass by Jupiter and 
Venus on the 26th and 298> respedisinly. Up 
to ttie end of July, Man and Sa(um\riB ste 
abnoit IcRether and then it by 

Jitter and Ilian 
Stm next year. 


Ljl 
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FOREMOST IN LEATHER GOODS OF FANCY 

The TANSI range in fancy leather articles 
meets every need 

• Moccasin shoes in different styles and 
shades with light rubber soles — 
manufactured to international standards. 

• Ankle Boots, Safety Boots & Shoes with 
rubber soles for industrial safety. 

• Shoes, Chappals & Sandals in modern 
designs and colours. 

• Wallets, Ladies Hand Bags & Executive 
Brief Cases 

TANSI heather articles are 
moderately priced—the Quality tops! 

nVAMM 

Tamilnadu Small Industries Corporation Limited 

(A Govt, of Tamilnadu Enterprise) 

No. 1, Whites Road, Madras-600014 
Phone: 82161 Grams: TANSI 
Telex: 41-7496 TNSI 



FIX WITH CEMENTEX 

- A RICO-OPS PRODUCT - 



Like hundreds of Shoe makers, Leather companies, 
Briefcase industries and any one who needs a strong 
fixing material, you are also invited to try Cementex 
(Formulated by Central Leather Research Institute, 
Madras & Patented by National Research Development 
Corporation of India - Patent No. 66298) 

Quality Rubber Bands in assorted sizes ai .d colours. 
Hand Gloves, Canning Gloves, Finger Tips, Jar Seals, 
Creamed Latex etc. are some of our products. 

Rico-Ops Ltd, 

Vizhikithodu P.O., Kanjirapally - Kerala 

(The first rubber industrial Co-operative Society in Kerala) 
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TELL US 


W HAT ij» thirst’'' Whut mdkcs you stop 
drinking after ycni have had your filP 
Is it because you tell (nil in your stomach'' 
It probably is Hut was there enough time 
for the wdtei to be absorbed from the 
stomach intct the bloodstream before you 
felt so’' Probably not Then why did you slop 
drinking''* 

Thougli we know why water is needed fo? 
oui survival, what causes Ihirst is, however, 
not luily understood. Only in the past 5i) 
years it has been possible lo measure 
changes m the bodv fluids and investigate 
how brain influences thirst Now we know 
that thirst is controlled by a combination of 
physiological, behavioural and environmen¬ 
tal factors. It IS the brain that sums up the 
situation and the oral sensations such as 
drying of mouth and throat are merely 
associated symptoms. 

It IS found that wetting the mouth and 
throat IS just not sufficient to put an end to 
thirst It we prevent water from reaching 
the stomach by some means, .so ttiat 
whatever is drunk diains out again, thirst is 
not quenched even it mouth and throat are 
kept continuously wet Thirst is. however, 
satisfied if w.iler reaches the str»mach 
bypassing the mouth and throat One 
suicide failure victim had this problem after 
his attempt to .slit hi^ throat tailed His 
thirst was eased when fluids were fed 
directly to his stumach 

Thirst can be manipulated by l hanging 
the volume or the concentration of solutes 
in I he bodv fluids .An increase in the 
concentration of the solutes :n the extiatel- 
lular fluid us found to stimulate thirst Ttie 
osmolically active molecules of the solutc.s 
in tin* L-stracellular fluid, when deprived of 
water draw it from the inside ol tlie ^.ells. 
causing Lellular dehydration Specilic cell.s 
m the brain uilled osmorecephirs can sense 
this and tri^^er Ihirsl There is now direct 
evidenie alviul these thiisl iintres bung 
siluateci in the btain I'roin aniiiial studies 
It IS lonnd Miat whim minute Liuanlilies nt 
conceiituled s.'lt vilulions are mieLUd intt> 
speiific regions m tlu brain. Ihirst is 
.stimulaled It instead w ilei isinieilul, llu* 
receptors swell, intnhiling thirst t 
Osniomeptor conlruiling of thosl is .t 
type ol n* .Vitive leedhacis meLh.inisni An 
increase in (he concenlialmn ni ihi solute-, 
in the bodv fluids stimulate.*- thiisi and 
drinking, dilution quenches ttiirst hut 
then there is much more to thirst than this 
mechanism alone 

The body tries to mait tain an adequate 
volume ol blood to ensure that oxygen and 
nutrients reach the body I issues in required 




...what makes us feel 


THIRSTY 



amounts Hence it is not surprising that 
changes in the volume of blood can al.so 
alfect thirst It is found that a reduction in 
the effective volume of blood stimulates 
thirst in animals. This j'rocess involves 
relatively large changes and the effect is not 
immediate Keccplois tlrat sense changes m 
--- 


I 

f 

fc_ 

Hypothalamus in the brain where the thirst 
control centre is located. 

Ihe volumi of hlooj are located on the walls 
of the heart When there is an iiiLieasi in 
the hliiod volunu. tin* leceplors gel stretch 
ed and pass on thiv intoimation hr the brain 
via vagus nirves, inhibiting Ihiisl This 
prnb.iblv explains why astronauts in space 
drink le.ss Weighllessiiess increases the 
volume ol blood in their heart and chest. 
Ihe ^tretch leieplois sensing this as an 
iHi rease in tile total volume of bhiod, act to 
inhibit thirsi 

Ar* interesting question legardmg thirst 
i>. does the intake of fluids occur in 
response to the dehydration ot the body or 
do we learn lo anticipate such dehydration 
and drink before deficits occur^ Examina¬ 




tion ot the drinking patterns in s^vral 
animal species including hum.ms, has 
shown that difteience.s m the drinking 
hahits exist Rats, tor example, lake a large 
percentage of their water intake |usl before 
eating This is an example of antuipatorv 
drinking But dogs, .seem to drink mainlv in 
response to osnioreieptor dehydration or a 
decrej.se in the volume of blood Studies on 
humans have shown that thev loo antici¬ 
pate delKils in the hodv fluids betoie 
drinking Their hodv fluids do not al\va\.^ 
show changes when thev feel Ihirstv. a^ 
compared to vlien thev are nol Surpr ising 
Iv we humans .sei m to he belter in 
antuipating thirst than many oilier spt,,ies 
What then pionipts us to drink b’efoie 
dehydration shows up** Oral sensalion 
nlten assoirated with thirst Lould well 
the liist signal 

Kiriallv what stops us Irom drinkim; 
nuire-' Killing ol the stomach could oe ..ii 
impoilant laclor C(>lcl water is lound b 
accelerate gastric emptying in rats, and il ' 
suggested that this might explain its efti 
Liencv in querKhing Ihnsl Often we ctui 
sume drinks .such as coflee. lea. etc no! 
because ot thirst hut for other reasons 
long as our kidneys can lake (are ot the 
excess water, we can go on having aiu’ 
amount of s(»ft drinks as we like If tin 
kidneys were to lo.se control then llie thir*^l 
mechanism is vital in ensuring that the 
body maintains its watec^ content aCid 
composition. \ ^ 

ICsS. Khan 

hr Khan ts wtlh the hwMon ot Anunu^tudtciy 
ot the Central And /.one • Research hesUtutc. 
Jodhpuf. % 







Ceramic capacitors from the Keitron supermarket: 


Designed to withstand all climatic 
vicissitude:. With t)igh insulation 
resistance, low dissipation factor, 
good dielectric strengtfi and operating 
stability In a range oi voltages for both 
temperature compensating and high 
dielectric constant types 

fiegd. Office □ Kerala State Electronics, Development Corporation Ltd , Keltnjn House. Vellayambalam. Trivandrum G95 001 lei 60621 
■elex : 0884^273 KEDC IN Telegram . ELECTRONIC 

branch Offices; □ 102-A Poonam Chambers, Dr Annie Besant Road, Worli. Bombay 400 01 fl Telephone 893457. J97448 Telex 011- 
I 1^139 Telegram : KELTRONBOM □ 75-C Park Street, Calcutta 700 016 Telephone 245654, 213200 Telex 021 2207 Telegram 
IHYRISTOR n^udarshan Building, 86. Chamiers Road, Madras 600 018 Telephone 442310 Telex 041-7632 Telegram . KELMAD H 
Hemk»4nt Triers, 2nd floor, Nehru Place, New Delhi 110 019 Telephone 644692, 648493 Telex 031 3774 Telegram . KELTRON □ 
Centenarv building, 28, M.G. Road. Bangalore 560 001. Telephone 564492. 564528 Telex. 0845 746 Telegram KELTRON □ Syrian 
Church/ lOad, Near Spencer Junction, Trivandrum 695 010. Telephone ■ 60241 Telex 0884-283 Telegram ■ ELECTRONIC □ 3-4-492, First 
iQor, VJirKatpura, Hyderabad 500 027. Telephone 63786 Telegram : KELTRON □ 67, Pritamnagar, Mangaldas Road, Ellis Bridge, 
t’\hm£Sabad 380 006. Telephone: 79867,463664 Telegram; KELTRON. 7tik3V3KC 1183 










Close-up is for close-ups 

VVinuT 'mihN ;)n(l n»y b(‘st 

\\ av U» iiui { lu* rold to ruddk' u]) 
a lillU* \iid y<)u'r(* tviniidiMil 

you'v c‘ UmmI ( 'Id.M' up .. 

"rraii"-p<ir(Mil. ri‘d (supt*r- 
\vhitfiiri‘slf;ivi* >()urtin^th iludr while.st and its 
r>pffial rnoutliw a^ll knrps yuiir brt'alh its freshest. 

Su, srnild a rldse up .-111111* and stay confidtMit. 
bt i-ausi* after all, ('losc-up is for dosi‘-ups. 

A Miinl.itv nrndunt hv Hindustan Lever 
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Ceramic capacitors from the Keltron supermarket: 


KELTRON 

COMPONENTS 


THE 

ELECTRONICS 

SUPERMARKET 


Designed to withstand all climatic 
vicissitudes With high insulation 
resistance, low dissipation factor, 
good dielectric strength and operating 
stability In a range of voltages for both 
temperature compensating and high 
dielectric constant types 


Md. Office; □ Kerala Stale Electronics Development Corporation Ltd., Keltron House, Vellayambalam, Trivandrum 69S 001. Tet * 60621 
telex; 0884-273 KEDC IN Telegram ELECTRONIC 

Stench Offices; □ i02-A Poonam Chambers, Or. Annie Besanf Road, Worti, Bombay 400 018. Telephone: 893457,397448 Telex - 011> 

>139 Telegram ; KELTRONBOM □ 75 C Park Street, Calcutta 700 016. Telephone : 245654, 213200 Telex . 021-2207 Telegram ; X 
fHYRISTOR n Sudarshan Building, 86. Chamiers Road, Madras 600 018. Telephone - 442310 Telex - 041 7632 Telegram: KELMAD □ \ 
'tomkunt Towers, 2nd floor, Nehru Place, New Delhi 110 019. Telephone; 644692,648493 Telex: 031-3774 Telegram: KELTRON □ \ 

Mntenary Building, 28, M.G. Road. Bangalore 560 001. Telephone. 564492,564528 Telex. 0845-746 Telegram; KELTRON □ Syrian 
Church Road, Near Spencer Junction, Trivandrum 695 010. Telephone; 60241 Telex; 0884-283 Telegram. ELECTRONIC □ 3-4-492, First 
loor, Barkatpura, Hi^erabad 500 027. Telephone : 63786 Telegram : KELTRON □ 67, Pritamnagar, Mangaldas Road, Ellis Bridge. 
Vhmedabad 380 006. Telephone: 79867,463664 Telegram: KELTRON. 

■"4x *■ A'ffilsilirv rir(«ftrt:i wv niiiuuaiaii i-c*v.i , .. .wiv.‘' 







DO YOU FORESEE STEADY GROWTH IN YOUR INCOME AND PRESTIGE 
COUPLED WITH REGULAR PROMOTIONS? 

aetTHE BRITISH INSTITUTES nmitEnHiFORCAREERAomNCEiiEOT 

\ Not limply becauis wo oro the largeit comipondenco college in MANAUNINT i 
the country, not even beceuie we have luccettfully helped over SUSINISS management, s«i«t Menegimvnt, MARKETING Mgt., 


I country, not even becauie we have luccettfully helped 
a million ambitioue men and women in shaping their careers but 
because we have translated our 45 years' expertise into highly 
professional courses which are specially designed to increase your 
productivity and prepare you for higher positions-^precisely the 
qualities employers look for. 

Cfcoose your course NOW ! 

D.a.M. (I M.c.), D.COM. (Sui. Org.)i CERT. A.I.I.S., D.COM. (Bmlilng), 
D.COM. (Acceunti A I. Tm). D.COM. (Costing), D.COM. (Comp. Soc.l, 
A,C S. (India), A.I.A M..C.A.RNTRANCE. A.M.I.E. (India) A.M.I. Mach. E. 
(INDIA),A.M.I.I.CHBM.R.. A.M.Aa.S.I. ,A S.E.(LONDON). N.P.C.SUPER- 
VISORSand l.l.T, ENTRANCE EXAMINATIONS 


Advortlilng^ INDUSTRIAL ADM. Purch'aso Mgt.. Matarlajs^ 


Managamonc Accountancy, 
4BNT - 


EXPOS 
BUSINESS 


Wo aro racognifod as an official training contra for Cart. A.I 
_D.Com, (I.M.C.)andD.B.M.(I.M.C.) aaamlnatlons 


,I.B. 


ALSO EXPERT COACHING FOR BANK PROBATIONARY OFFICERS' EXAM 
CLERICAL EXAM * APTITUDE TEST FOR DBM (IMC) EXAM 


BANK 


JNTANCT, Banking, Incoma Tan Zi 
Practico, Company Socrotaryshlp, Salaimanship, PERSONAL SECRE- ■ 
TARYSHIP. Shorthand (Pitman). GOOD ENGLISH, Collogo English, ~ 
BUSINESS LETTERS. BUSINESS TRAINING. Gorman. Fronch. Russian, | 
Fiction Writing. ARTICLE WRITING. Reporting. Stags. Radio A T. V. I 
Writing. Writing for Chlldron.COMMERCIAL ART,PoroonalltyOavolopmont. | 


PIRSONhfRL MGT., Offlco Mgt., 

MOT. Junior Bxocutivo'sf MANAGEMENT EXECUTIVE'S. 
ADMINISTRATION Alio Exacuflvo Socrotaryshlp 

ENGINEBIIINGl 

MECHANICAL ENGO.,Moch. Draughtsmanihip. CIVIL ENGG., Ovorsoor’s 
(Bldgs. A Roads), ARCHITECTURE, Toxtilo Technology. TEXTILE 
fSANUFACTURE, Computer Programming IBM ISO. AUTOCODER 
PROGRAMMING, Industrial Engg., AUTOMOBILE ENGG., Diesel Engg., 
ELECTRICAL ENGINEERING A ELECTRONICS, Electrical Supervision, 
RADIO ENGG., TRANSISTOR FNGINEERING. Television, REFRIGERA¬ 
TION, Chemical Engineering. PETROLEUM TECHNOLOGY. Rubbdr 

Technology. INDUSTRIAL CHEMISTRY _ 

I Tools and Kits supplied for Radio Engg. and Transistor Engg courses ) 

Writs lodoy. send coupon, come perionolly or tefephono 15*755 

THE BRITISH INSTITUTES 56/BI7.P.O.Box 1021,ISV.D.N Road,Bombay400 0» 

lU ”me"iI!t II h7h’?t!tut B T 



THE BRITISH INSTITUTES 

56,BIT. P. O. Box 1025, ISV, D N Read. Bombay 400 021 
Please send me a FREE Prospectus in the SUBJECT 
Name Education 

Address a 
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NOW! SPEAK ENGUSH 

correctly, fluently 


through 

B.I. 
LANGUAGES 
INSTITUTE 





Give a flying start 
Today Each cuurbo i 
contains everything 
you need to learn a 
language, to speak 
fluently, to understand 
and to feel perfectly at 
home with native speakers. Each course consists of 
cassettes and books The learnei is introduced to the language 
spoken at normal conversational speetl, through short lively 
dialogue encouraged to practice in a written and oral exercise 
For dutulli of Primary English. Junior English 
Standard Engllah. Intarmadlata A Advancad 
English. French, German. Hindi, aro / Comp/ara/ 

MadicalLy Speaking | feonom/c. 

Sind coupon coma poiiont'ly o Tolophonu 2567S6 ' 

B.I.UNGUAGES INSTITUTE 

5GF'7 UCO Bank Bldg Floia Founlam, 3b9 D N Road Bombay 400 02J 

Oomonocroclon Controp at 
13 1A Govt PlarnFati Calciiiio 700 OBB 
13 Daryagan) Bahmd Implcymani Eichanga Naw Dolhi IIP 002 

feVruNGUAGErriiistifufE . 

|5I)</FW UCO Bank Bldg Flora Fuuniam 35B D N Road. Bombay 400 023 

j PisiRn Hnd mo a FREE Prosptccui for 





^ddrtci 


(ipnrily languiKdi 
I 


THE SUCCESS YOU DESERVE 

DEPENDS ON YOURTRAINING 


ICS Courses are writtan and 
aditad by U.K. and U.S.A. axparta 
ICS, the world's most experienced 
Correspondence College, offers 
the widest rxnge of courses— 
backed by newest techniques 
and the finest staff 
TAKE THE RIGHT COURSE NOW I 

Architectural Drawing A Deiign, 
Civil Engg,, EIrctronIc Engg,, Elec* 
Cronic Intirumenkation, Electronic 
Technician's. Electrical Engg . Cotton 
Carding and Spinning, Textile Tech¬ 
nology, Textile Mill Suparviior't, 
Textile Designing, Mechanical Engg . 
Induitnal Inttrumentatlon, Refrige¬ 
ration a Air-conditloning, Plattic 
Technology, Radio, Audio 4 T V. $er 
vicing, Traniiator Radio Servlcin};, 
Automobile Engg., Computer Engg , 
Gat 4 Electric Welding, Boiler 
Engg . Civil DraughUmanthip Pulp 
A Paper Manufacture, Plumbing and 
Sanitary Engg, Chemical Engg , 
A.MI.E (India) Exam 



Accounting A Auditing, Cost Accoun* 
tancy.GnodCnglish, Advan ed English, 
French, German, Shorthand, Private 
Seclrtary’^, Public Relations, Store 
Keeping, Compuier Programming, 
Business Letters Purchase Oflicer's, 
S.ilesmanship C A. Entrance Exam 

Kf.igf.m!»caB 

Business Management, Hotel A Cater- 
"'g Mgt. Central Mgt, Industrial 
Mgt, Pvisi>nnrl Mgt. Marketing 
Mgt . Catering Management 


Also available Practical Photography, Inter uu Deroucion, Dress Making, 
Free Lance Journalism Fine Art 


Write today, send enupon, come p^rionallv o' tfirphoi e 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

56/DI7 Bank Bldg Hutatrna rhnwK f ) Box Pombay 400 07 3 

riNTElJrATioHALToRRESPOHOEHCrs'cHOOLr*"'*"*""""""""'""""""'""^ 

I S 6 /DI 7 UCO Rink Bldg H'ltatma Cl-owr PC) Box 1931 Bombiy <00 021 
I I'lease send me a FREt Pro^pectut m the SUfiJECT 
I Narne [Jiicatinn 

I Addiest I 

I 














COMPUTER CALL 



ADMISSION 
NOTIFICATION ^ 


JOB ORIENTED DIPLOMA 
COMPUTER COURSES 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


HMdOffIc* 

BDPS ITI 
103, Hind Rajasthan Bldg 
Oadasahob Phalke Road 
Dadar East 
BOMBAY-400 014 
Tel No 44842? 

BOPS ITI 

Kri>ihna Cmiirna Building 
I St Fluor Shivai* Chowk 

KALVAN-421 301 

BOPS ITI 

Airfnkar Cineina Building 

Nt*ci' HaiKvdv Station 

POONA 411001 

BOPS ITI 

M.ifhu'ii 

Wdwnyl inu 

ahiv.iji Rii rrj 

N/SIK 422 001 

H n P S ■ T I 

nil I'lwvijtfiv AsPiiim 

Mil' yiyj Rciud 

b't iIjuIiIi 

NAGPUR 12 

H P I i'll 

()r d irisiirlC'iinpi'iPHl 

I'tFli.Dr M HiJiii* 

Ni'iir l"i*'ilfill Hi 1 Sf iliriii 

AMRAVATI 

n 0 H s ■ T • 

' I '.j N W.11 
I' I < h ir Bijiiriiru] 

M 1.(11 I AiUJ 
AHMEONAGAR 
R UPS III 
24 A Wuoilv H(iu(l 
Opp M.uliasd Aliun< 

MADRAS-600 002 

FH Nu 8n2/!> 

0 D P b IT' 

No ! Pjtliihif irnd Pll'ril 

SlMIfit 

Ir'Hfiiir 

TRICHI-620 01/ 


Advanced Computer Programming 


Cobol Programming 


Basic Programming 


Fortran Programming 


Pascal Programming 


Data Base Management 


Word Processing 


Console Operations 


Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. 

We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 

JOIN BDK BECAUSE BOrels THE BEST 






CONTACT 

FOR FURTHCR DFTA/LS 

BUREAU OF DATA 
PROCFSSIIMG SYSTEMS 


BDPS ITI 
Fiibl riiiur 

246, NoK,lior Nuw Sr uet 

MADURAI 

HOPS ITI 

1bl Fluor HS Building 

141 Riingdi Cidwrttir SiiLUl 

COIMBATORE-641 001 

BDPS ITI 

HI 1 Ho.iiJ 

Ojifj P W D Dfficp 

Ncdr Rf servi L ne 

KuriMrasHnwpdtty 

SALEM 636 007 

BDPS IT. 

No 12 Kl Flour 
jt'iiih Liir Strn*M 
firiint'lv'*'!. fi)Wn 

TIRUNELVELII 627 006 

> 1 I 

No 1 A Pl'’• iMiiiir.il r' iiKl 
Opp Siillvii Moorthy 
Hospitnl 

NewB..vi Ihi'dlii* 

ERODE-638 009 

n D p s I r t 

No 17, Fdiit Cri.ss Flo Id 
(Idnrlhi Ndq.li 

VELLORE-632 006 

T Nridu ) 


B D !• S n I 

No B Vi(KIlia Rond 

Near FIitkI Post Office 

TUTICORIN 

(T N.idii I 

H D I’ S III 

89 Garirlhiy.Kfirjai Si 

KUMBAKONAM - 81? 001 

BDPb ITI 

16/, Kanidtihi Airimdn Koi! 
Si 

Ojifinsite K.Midan Tlii'.ji'e 
PONDICHERRY - 605 001 
H DF S I T| 

77 Mh L -li-is, Hodi 
G.indhi Nfigdr 
BANGALORE-560 009 
Ti-' No 76414 
BDPb ITi 
mL Mill Mdiii 3rd Block 

l.iV'T'irigar 

BANGALORE 560 011 

BDPS in 

H/i Nrirdyuna Sdshti Rii 
0,gi ^^cthcllJe^wnrd Trirriple 

MVS'JRE 570004 


BDPS ITI 

Above Now Udyayd ( ah' 
Near Soordf Circle 
Railw.iy Stdtiun Road 
Ruber *sonpot 

KOLARGOID FIELDS 

BDPb iTI 
Dinke' Building 
Virlyn Nngdr 
Md'n Hnait 1 
HUBLI 580 021 
H D P S I T I 
Shivayrin 

Op'I I mdrai College 
Lollr>(ie Hnad 
BELGAUM - 590 001 
BDPb ITi 
nh.ir.il Piiitdi'ig 
Ronrn No 40 3rd Floor 
K b H.io Cross Rndd 
MANGALORE - 575 001 
BfiPb ITI 
89 Bi jhiTiin btroet 
Abovi* Arviiid Gen AgtiKies 
BELLARY-583 101 
ITI 

4th Floor, Vellho Bldg 
Near Municipal Gdrdori 

PANJIM>GOA 


ITI 

3rd Floor, Dwaraka Bldg 
Near Cine Lata 

MARGAON - GOA 
403601 

ITI 

Mclquiodes Building 
Behind Judicial Court 

VASCO-DA-GAMA - GOA 

ITI 

Shenkar Building 
Below Poorruma Lorige 
Ansd Bhdti 
MAPUSA GOA 
B D P S 'I T I 
Parvathi Mdndirani 
Ni*ar Dairy Fdrrn 
Pattum 

TRIVANDRUM 695004 

Tel no fi*i6b1 
B D I* S ITI 
1041bE 

Moidf'en P.jlli Rciad 
Nrjr Cnrfj Bus Stand 
CALICUT - 673 001 
BDPS II! 

38 BO, Convunt Road 
Nddr Convent Junction 
Emakulain 
COCHIN-682011 
BDPS ITI 
3rd Floor 

338 Chandiciluk Building 
Otiirt’Conipley SD Hodii 
SECUNDERABAD - 500 003 
BDPS in 
17 3 734 Sijnn.i|ipa St 
7nd F luor 

TIRUPATI 517 501 

BDPS ITI 

3rri Floor, Atiove Dona Bank 
Opji M S University 
BAROOA-39000S 
BDPS I n 
C n St Xavier's Enqiish 
High S( hool 
Khasmahal Talrjiiaqa 
JAMSHEDPUR 


’« - 













GOVERNMENT OF INDIA & UNION STATES- 

RECOGNISED DIPLOMAS & DEGREES. 

Applications are invited from employed/unemplov«-'ci Boys & Girls foi the following Engineering & Management 
Correspondence Courses 


MANAGEMENT COURSES 


1. OKADUATESHIP COURSES Oh A M I B M Part A & B. 

2. A.I.B.M. DIPLOMA IN BUSINESS MANAGE MENT. 

S. GOVT. OF INDIA GONPANV 8ECNETANV EXAMINATION - lnivrmediat« In Final 

4. I.C.W.A.<INDIA) • Intermediate & Final. 

5. I.C.M.A. (LONDON) -Part I II III & IV 

4. CHARTERED SECRET ANY I LONDONI Parti II & III. 

7. CHARTERED ACCOUNTANT 1C A) Entrance Intermediate & Final. 


ENGINEERING COURSES 


1. GRADUATESHIP (B.E): A M I E (India) - Siudentsfnp Section A&B in Chemical,il Eleifriral 
Electronics & Communications Mechanical Metallurgical^ Mining Engineering 

2. GRADUATESHIP (B.E.) : A M I K T E (Indial Section A & B Tele Cum Si f.lertionici 

3. GRADUATESHIP (B.E.): SURVEYOR 

4. GRADUATESHIP (B.E.): AM AeS I-AERONAUIICAL Studentship Sertinn AticB. 

5. GRADUATESHIP (B.E.): AMIMF (INDIAI - MECHANICAL Studentship SertiunA&B. 

6. GRADUATESHIP (B.E.) : C E (U K) In Civil Chemical Elerirnnu s iv Radio fuel f.ngg Marine 
Mechanical Productic^n Naval Architect & Structural Engg Part I II. 

7. GRADUATESHIP(B.E.): AMU CHEM E' (INDIA) - Studentship Section A&B 

8. GRADUATESHIP(B.E.): II M (INDIA) - Metals J ngg Part 1 «t ll. 

9. GRADUATESHIP(B.E.): INDUS TRIAL ENC.INEERINC.- 

(ALL THE ABOVE COURSES ARE REC(X>NISED BY THE GOVT OF INDIA & ALL INDIAN UNION 
STATES AS EQUIVALENT TO B E OR B Tech EVEN AFTER PASSING ANY OF THE ABOVE 
COURSES. STUDENTS ARE ELIGIBLE FOR ADMISSION TO M E . M Teih 
COURSES OF INDIAN UNIVERSITY), 

10. GRADUATESHIP. AUTOMOBILE: A M I A E Studentship Section A & B. 

11. I.I.T. ENTRANCE EXAMINATION. 

12. DIPLOMA IN REFRIGERATION AND AIRCONDITIONING. 

13. GOVT. AGRICULTURE ENGG. 

14. STATE BOARD OF TECHNICAL EDUCATION (.ovi of Andhra Pra<l.'sli 
I .< nilnailu Ketala States - Diplomas in Civil. Mechanical & Electrical Engg 

15. CITY R GUILDS ELECTRICAL DIPLOMA - CGIAlLONDOM 

16. CITY R GUILDS (LONDON) RADIO R T.V. COURSE. 

17. GOVT. OF INDIA RADIO OFFICERS COURSE. C.O.P CLASS IRII • 

18. DRAUGHTSMAN • CIVIL R MECHANICAL ENGG. 

19. A.M.LM.1. (INDIA) Motor Industry (Diploma in Automobile F.ngg) 

ADMISSION QUALIFICATIONS : MatriC'SSC HSC PUC Intermediate (graduate Diploma in anv 
Branch or Graduates in Engg 

FACILITIES OFFERED : This IS the only Institute in India giving maximum facilities to its students I imited 
Seats. Examination Centres all over India & abroad Fully equipped libraiy highly qualified and experienced staff 
Career Guidance, arrangement for praciicals, supplv uf lessons and free hooks etc are so"ie of the special features 

This IS one of oldest and reputed Institutes in India with thousands of Indian and Foregm students All subiects are 
taught from the beginning So you start from scratch For full detailed prospectus and Admission form send Rs IS 
for Engineenng Courses and Rs 10/ for Management Courses by Money Order 


Wipen Chander' amceiusa), miae mime mibm. cgia(lik) (princifal) 

INSTITUTE OF CORRESPONIKNCE STUDIES 

Himayal Nagar. Hyderabad 500 029. (INDIA) PHONES 221128. & 63407 
BIGGEST AND OLDEST CORRESPONDENCE INSTTrUTE DM INDIA 
RBC(X}NISED R AKFILIATED TO 

The )nsbtulion ol Business Management The Inslilution ol Motor Industry. The Institution ot Automotive Engineers 














There must be a gcod reason why a vast 
majority of those who take coaching and join 
Banks in India as Probationary Officers 

are NSB students. 


I EXAMS 










NATIONAL 

SCHOOL OF BANKING 

Indian Education Society Campus 
Ash Lane (Babrckar Marg) 

Off Gokhale Road, (North) 

Dadar, Bombay 400 028 

Phone 466280 Grams BANKSCHOOL 


Obviously S 

Our un-matched 
Specialisation and Expertise. 

Take, for instance, the results of last year's 
PO exams held throughout the country A 
majority of students who were called for 
interviews for the post of Probationary 
Officers were NSB students 

This IS possible only because of NSB's 
professional commitment in covering 
exhaustively all subjects for objective and 
descriptive tests through specialised 
practice papers and books 

A continuous research m past exams and 
on-going programme of preparing typical 
exam questions have also contributed to 
our present pre eminence as the Central 
Institute for Bank Recruitment training in 
India today 

Success-oriented students join the NSB 
Courses and benef't immensely from them 
The same opportunity is also open to you 
So enroll now to reap a rich harvest of a 
rewarding career m India's fast growing 
Banking industry 


NSB 


the only »pccialii%cd 

Bank Recruitment Training Institute 

in the country! 


JOIN OUR BANK RECRUITMENT PROBATIONARY OFFICERS COURSE AND PREPARE FULLY FOR THE \ 
FORTHCOMING SBI ASSOCIATES BANKS P.O. EXAM 


<JriPNrK TnUAV APBII lOKA 


dOvcrt'sng aids/nsb 84 









Tissue culture in In vitro method to accelerate the 24 

ornamental plants multiplication of ornamental and orchard 

by Vibha Dhawan and plants 

Sant 5. Bhojwani 

Controversy/Growing Worms, those slimy friends ol the farmer, 34 

greenbacks from worms are ending up on the dinner plate as high 
by Sudhir Ghatnekar protein titbits worth millions of dollars 

Fusion research in India Some interesting experiments arc underway 42 

byP,K.KawandP,L 

John 


Lead in auto exhausts The use of higher octane petrol will add more 45 

by R, N. Khandekar lead to the blood in the urban population 


The Salamander Factor “The Salamander is the mythical beast of 5 6 

Science fiction by the Greeks... it defies death and decay,” 

Laxman Londhe said Anil to Medha 


A gem of a metal 

Beryllium will be as eagerly .sought after as it 

64 

by IL S. Ahiija 

was in 

the past by .sovereigns and .suhiects 


Features 




This World of Science! 

7 

Scientifically Speaking 

45 

Close Encounter 

9 

Prahha Snninisen 


Feedback 

10 

Fun with Maths 

52 

Science Shapes Life 

12 

iieoryc Varkcy 


Viewpoints; Smun Irani 

2R 

Youth Porunn 

70 

Awards and Appointments 

31 

H. A. Naik andSylvc!>ter hiho 

Round-up of Research 

32 

Ideas and Inventions 

74 

Consulting Room 

38 

Sky Chart 

7S 

Shivanand Karkal 


N. Ram 

Women and Science 

40 

Tell Us 

80 

Parul R, Sheth 


B r.Chhapqar 














IS OUR NEW COKE 
TECHNOLOGY A GENUINE 
BREAKTHROUGH? 

Doubting Thomases are there. To silence them, we reproduce extracts from a report from 
one of the world’s topmost coal preparation experts, a "Distinguished Scientist" awardee, 
Mr. G. G Sarkar, submitted by him to a Central Govt, agency, on the latter's request: 

“It IS in the same context, the reported innovation made by Shri L. M. Samanta in 
converting a sub-standard, coking coal or semi-coking coal to good metallurgical coke 
with the use of some additives assumes great significance and can be rightiy considered 

as a breakthrough in present-day coking technoiogy in india .he has to be given 

full credit for this timely innovation and also solid support from ali quarters including the 

coal industry .....to sustain, improve and use this technology commercially for the 

greater benefit of this country.It is presumed to be 1 or zero seam coal of the 

Jharia coalfield, it can be construed as a wrong poiicy on the part of the coal industry, if the 
report regarding the regular use of this particular coal is being permitted by B.C.C.L. for 

the purposes of steam-raising.The coal survey laboratory of Jharia attached to 

CFRI has proved beyond doubt that there is sizeable reserve of this 1 or zero seam coal 

.B.C.C.L. could initiate suitable steps to mine this coai and convert the same to 

metailurgical coke by the application of Shri Samanta's technique, special coke of around 
12 percent ash could be easily made with great benefits to the electro-chemical and/or 

electro-metallurgical industries of this country.Only an oily product or 

hydro-carbon compound, when injected on coal, could be responsible for the sudderl 
Increase in temperature of the coke-ovens by almost tenfold, or cause the leaping 

flames." 

Need we say more? 


Issued in the country's interest by 
Coke Consultancy Company, 




Dhanbadi and^^^Auroma Coke 
Manufacturers, Jharia 


\ 


6 SCIENCE TODAY. APRIL 1984 

























Ibu can answer her prayer.'Yhs, you. 


A blind child’s prayer Innocent and lo know more ahoiil e>c donation, 

still full of hope That one day the and what kinds ol blindness can be 

darkness will be lifted from her eyes cured send us the coupon lor a 
Shewill be able lo see. detailed brochure 


Young Maya's prayer can be [Jo it today Remember, miracles eaiTi 

answ'ered there is a lemedv that's cure the blind ^’ou can 
simple, doesn't cost anything ana is 
eflectoe Onlv it needs you 


'\ simple cornea transplant can restore 
her sight 1 he useless cornea, replaced 
b\ a healthy one And the healthy one 
could be yours 

I \c rcmiual leaves no scai or 
disfiguiemcni And once vou'm; 
pledged lo donate, you’ll live with the 
giatifying emotion that your eyes will 
Inc nuuh longci than you And that 
sonic hlincl persem will see through 
them 

II heart goes out to the hluid 
duiinii \ n\\\ lilelimc. let youi eyes go 
out tv) iheni alter death. It's the most 
pieemus gilt \ou can give them 


I would like lo know mure about eye donation and 
cornea {raftins. .Send me a detailed brochure. 

(kindl) TiM III h. Ilk Icitrisl 


N,imc Mr Vis_ 

___ 



Sl.llL_ 

l*kru.i)dc .. 
Age __ 


3iGHu 


riMtS r.Yt RESFARCH FOUNHATION 

7 Hih.idur Shah laUi Mjrg l)elhi>Mn002 


Sight A gift only you can give.' 


QriK'Mf'ir xnnAV appii iqsa 
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SIR J. C. BOSE 

The articles on Sir J C Bose (November 
1983) are all illuminating. 1 am quoting a 
portion of a letter by J J. Thomson (the 
then Cavendish Prut (»f Physics, at the 
University ot Cambridge, who also later 
became u Nobel laureate) to his predeces¬ 
sor. Lord Kayieigli (a Nobel Laureate in 
Physics); "1 have had occasion to read 
several of BoscS papeis and am of the 
opinion, that he is a very suitable person to 
receive ‘entouragemenC if any is going. Hi5 
experiments are ingenious, and his appar¬ 
atus very' well devised, and it must have 
required great patience and determination 
to make the apparatus work in a climate 
like that of India. The results are very 
interesting and his paper was received with 
great applause at Liverpool....'' 

Bo.se was then in his late thirties. During 
that period Bose delivered a lecture at the 
Koyal In.stitute. London (now Davy-Faraday 
laboratory). When the lecture was over. 
Bose wa.s given a tremendous applause, and 
Lord Kelvin personalK approached and 
congratulated Udv Abala Bose for her 
husband's brilliant lecture and fur the 
experiments he had demonstrated. 

During that European tour in the late 
nineties ol the last century. J. C. Bose also 
delivered lectures at some of the learned 
societie.s in Pans At one such lecture, 
Swanii \ wekananda was present. He was 
much impressed with the Bo 5 e.s. and wrote 
in eloquent terms not only about J. C. Bose 
but tilso of Ladv Bose, because ot her great 
devotion (o her husband and to his needs. 
Through Swann Vivekananda, the Boses 
had a laslinh friendship with Sister Nivedi- 
ta On reading the bviok. Response m Living 
im:i Non Living . she in a letter to poet 
lagou n adc llw following remark “The 
l'of»K on Rc^pttnse in Livingiind SoihLivtng 
now’ tiiumphant. 1 want a far greater 
vv.irk. such as oiilv thi: Indian man of 
.sc'euce IS callable ot wnl'iig, on Molecular 
Physics A hook in whiih that some great 
Indian mind that siuveved all human know¬ 
ledge in I he e»a the Upanish.hls and 
pionourued it one. shall again suivev the 
vast dLcuniulations u( piivsical phenomena 
which flic UMh centiny has observed and 
collected, and demon'^trated to the empiric¬ 
al machine-worshipping, gold seeking 
mind of the west tliai these also aie 
one—appearing a.s manv ' 

Another great friend and well-wisher ol 
J. C. Birse was the poet lagore. When 
Tagore was awaidcd the Nobel Prize, Bose 
wrote him a letter. ‘ Friend, I am extremely 
delighted to .see you honoured .n the eyes of 
the World" (translation). Bose wrote a book 


and sent a copy to Tagore with the note, “To 
the glaring rays of the Sun, I am sending 
the light of a firefly" (translation). On 
Bose's 70th birthday celebration, Tagore 
composed a poem, which concluded with 
this feeling—“today you are greeted by a 
thousand Iamp.s-~here is a lamp from a 
friend of yours. You are glorious, and your 
mother-country has been glorified by you" 

Bose was always neatly dressed, calm and 
to some extent reserved and rarely attended 
public meetings other than on scientific 
subjects of his liking. He did not like to 
move in a crowd. During his walks in the 
garden or when he was travelling by a car, 
he was deeply absorbed in thoughts. Prob¬ 
ably he felt a kinship with nature and its 
surroundings. Fie had a special intuition for 
recruiting his research collaborators. One 
such a recruit was Copal Chandra Bhat- 
tacharyya, who did not have any formal 
University education, but Jagadish Chandra 
after reading one of his articles, asked him 
to join his laboratory. Bhattacharyya later 
made outstanding contributions to en¬ 
tomology. 

The Bose Research Institute under the 
stewardship of the present director, Prof. S. 
C. Bhattacharyya, an eminent Organic 
Chemist of Fnfernational repute, has ex¬ 
panded considerably and a new unit has 
been established at the Salt Lake Area, 
much to the delight of J. C. Bose's admirers. 

SriA^bmdo^hr^ K. MAITRA 

l^nndttlierTy ttfyUKXl 

In a recent publication entitled “The Secret 
Life of Plants". Peter Tompkins and Christ¬ 
opher Bird have given glimpses of startling 
discoveries about the plant world, border¬ 
ing on the mysterious In particular, they 
have given a giaphic account of 'The 
Mystery of Plant and Human Aura’. It has 
been stated that Semion Davidovich Kir- 
lian, an elect!ician and amateur photo¬ 
grapher and his wife, Valentina, discovered 
that they could photographically reproduce 
without lens or camera a strange luminesc¬ 
ence which seemed to issue from all living 
things, but cannot seen by the human 
eye. 

By laying a film or plate in contact with 
an object to be photographed and passing 
through the obiect an electric current from 
a high frequency spark generator, which 
put out 71,000 to 200,000 electrical pulses 
pei second, the Kirlians had come across a 
way of photographing this 'aura'—or some¬ 
thing akin to it. Leaves from plants, sand¬ 
wiched with the film between the electrodes 
of their device, revealed a phantasmagoria 



A photognph of a leaf taken by Bose, 
without the action of light 


ot tiny spots of light. 

Kirlian maintained that the strange ener¬ 
gy in his pictures was caused by ‘changing 
the non-electrical properties of bodies into 
electrical properties which are transferred 
to the film'. Though the initial discovery 
was made sometime in the 1930s, it 
attracted the attention of the scientific 
world in the 1960s. It was brought into the 
limelight m 1968 by Prof. Vladimir In 
yushin, who wrote a book-long scientific 
paper, "The biological essence of the Kirlian 
effect" and attributed the effect to bio- 
luminescence. Since then investigations are 
being increasingly carried out on ‘phantom 
photography’ in various countries. 

The first observation of such an effect 
should be associated with J. C. Bose, for he 
showed the first photograph of a plant leaf 
without light early in this century. In fad. 
he published a paper, “On the continuity of 
effect of light and electric radiation on 
matter", in the Proceedings of the Royal 
Society, London, in 1901. The behaviour of 
his self-recovering silver coherer was founx’ 
to be somewhat analogous to the phenome¬ 
na of phosphorescence and thermo- 
lumine.sccnce The following lme.s from the 
book. The Life and Work of Sir Jagdish i. 
Base, by Patrick Geddes (p. 190-207) may 
be more revealing. 

“At this time (1901) Bo.se was interesieJ 
in the question of obtaining photographs 
without the action of light. Various radioac¬ 
tive sub.stancc.s were being found whose 
emanations affected the photographic plate. 
But Bo.s6 worked with substances which 
ordinarily were not radioactive. A section of 
a dried stem of a tree exhibits concentric 
markings, due to unequal growth in diffe 
rent seasons. These rings, according to 
Bose (may) emit radioactive particles under 
the action of (electrical) stim'dus. He 
enclo.sed a .section of stem in a dark boxt 
with a photographic plate in front of it, but 
not in contact. Outside the box were two 
metallic plates, which were in connection 
with a micro-wave generator (operated by a 





Ford Induction Coil). Under the action of 
this stimulus, the radioactivity (as he be¬ 
lieved) of the wood was evidenced by an 
extremely clear impression of its structure 
given on the photographic plate—this, be it 
remembered, without the intervention of 
light. The accompanying reproduction (fi- 
^re) is the photograph of a leaf of Bo-tree 
tdken by the above method. By taking 
similar photographs, he obtained remark¬ 
able results with various stones and crys¬ 
tals, which revealed characteristic differ 
ences in their composition. A new field was 
opened out for immediate exploration, but 
all this had to be indefinitely postponed on 
account of another field of inquiry, which 
demanded his undivided attention". 

Would it not then be appropriate to call it 
“Bose" effect rather than “Kirlian effect"? 
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^Human brain gaining weight 

Please refer to the item ‘Human brain 
consumes more energy’ (Science Shapes 
Life, October 1983). The news ends with the 
remark, “one could say that future genera¬ 
tions may have more brains than brawn". 
According to two British neuropathologists, 
the human brain is getting heavier: “Be¬ 
tween 1860 and 1940, the brain weight of 
men rose from an average of 1,372 to 1,424 
grams, while that of women ruse from an 
average of 1,242 to 1.265 grams during the 
same period; in both cases, the increase is 
statistically signifuant m that the weight 
, and volume are found closely related 
^Further, the size of the human brain and 
the size of the human .skull which encloses 
It have also both gone up' 

No wonder then that the present day^ 
children, drawn from any strata of society. * 
appear to be far more intelligent and more 
curious than the ones born a few decades 
ago. 

/"tJ. Chmtauya D. VAIDYANATHAN 

•MTodta Nagat 
fktmhay 100 077 

The Sun also breathes 

1 read with interest “The Sun aI.so breathes” 
by Dr. Alurkar (October 1983, p 57). 
However, Dr. Alurkar does not seem to be 
correct when he says that the lines due to 
magnesium-iodide (Mgl) and titanium 
iodide (Til) are used to derive information 
about solar oscillations. As far as I am aware 
the absorption or emission lines due to 
these molecules ha*.’e not yet been observed 
• in the solar spectrum. Further the abund¬ 



ance of iodine atoms and the dissociation 
energies of the two molecules are too low to 
produce lines of detectable strengths In 
fact lines due to iodine atoms are yet to be 
dhscovered in the .solar spectrum. 

VUar Pradesh btate OhsertHifitry K. S INHA 

Manttra 
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Dr Sinha has rightly pointed out that Mgl 
and Til should be read as unionised magne¬ 
sium and titanium and not their iodides I 
regret misleading them in my article. 

^ ^ ^ ^ ^ S. K. ALURKAR 

P/u/sual Heseanh iatHim/nru 
\hmvdahad .m m 

Some more on Titanium 

The article “The metal with a future" by Dr 
R. M. Sathe (January 1984) was enlighten¬ 
ing. ] will like to add the following points; 

(i) Vickers hardness of tungsten carbide is 
2.100 kg/mm^ as against the very low 
reported value of 1,300. 

(ii) Vapour phase deposition of titanium 


carbide is carried out on cutting tools for 
machining only and not on discs and 
punches used as wear parts. 

(lii) One of the most important uses of this 
metal is as multiple complex solid solution 
of (Ti-W-Ta-Nb) carbide in cutting tools, 
which is m.strumental for improvement n 
productivity, quality and cost reduction. 
There is a substantial consumption of this 
material in the countr\’. 

„ SURJIT SINGH 

Raptn C arhvies I Id 
Anklcsuw 
i.ufurat niiOfU 

This has relerence to my article ‘Titanium - 
the metal with a future' (January 1984). 
You have probably, for want of space, 
omitted the acknowledgement cited at the 
end of the article. 1 gratetully ackmiwiedge 
the help given by Dr. V. M Kar\’e. Manager 
(Planning & Projects), Indian Rare Earths 
Ltd , and Dr M. Sankar Das, Head. Analy¬ 
tical Chemistry Division. b\rc in the prepa¬ 
ration of this article. 

R. M. SATHE 

Analytnal ihmisfry Dimnin 
am Ikarhay 




























: fttnlMis leadf to sterility 

C HANDRAPUR district, in Vidarbha, 
Ma^rashtra, is one of the most 
backward districts in the country. Trib- 
als live in dismal, unsanitary condi- 
tions-^illiterate, semi>naked, starving, 
' diseased inhabitants form the bulk of the 
' population. Infectious diseases are ram- 
■ pant in the district and those not 
affected by leprosy, tuberculosis or filar* 
iasis feel that something is wrong with 
them. Utter poverty has seen to it that 
the majority cannot even travel to Nag¬ 
pur for free treatment. 

A new angle came up recently in 
Chandrapur, when the doctors from the 
JJ. Hospital, Bomb^, visited the dis¬ 
trict. Secondary sterillfy was found to be 
very common in women and hydrocele 
(accumulation of fluid in the mem¬ 
branes surrounding the testes) in males. 
The oft-repeated official claims of the 
success of the family planning program¬ 
me in the district were Immediately 
hushed up as it became apparent that 
filariasis led to sterility and hydrocele. 

Filariasis is caused by thread-like 
worms belonging to the family 
Onchocercidae. Rural filariasis is on the 
increase in Indian rural areas, especially 
where the conditions of humidity and 
temperature are ideal for the breeding of 
mosquitoes. The unsanitary conditions 
associated with inadequate drainage 
facilities support the spread of insect 
vectors, and indirectly the disease. Its 
symptoms vary from an intense itching 
to severe inflammation of the joints, to 
the skin losing its elasticity. Filariasis is 
known to lower the immune response of 
a patient making the victim vulnerable 
to several infectious diseases. In Chan¬ 
drapur district "it has led to a cruel 
method of limiting families”, according 
to Dr H. M. Joshi, of the J. J. Hospital. 

Incidentally, even the doctors attend¬ 
ing the camp at Sindhtwahi and Chimur 
had to undergo anti>fiiarial therapv first, 
in order to beat the disease 

Red-letter d^y for India 

I NDIA will take a giant stride ir 
manned space flight when Squadron 
Leader Kakesh Sharma and two other 
Soviet cosmonauts will enter space 
aboard Scyuz T on April 22. The docking 
of the spacecraft with the space station 
Sa|yut-7 which is already in orbit, its 
delinking and return journev have now 
been finalised by the Soviet space scien¬ 
tists 

.../A ' 
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After decking Sq. Ldir. Sharma will 
enter Salyut-7 where he will spend seven 
di^s conducting experiments in biome¬ 
dicine, materU sciences and remote 
sensing (SCIENCE TODAY, Noverhber 
19S3). The bioinedicai investigation 
apohsored fay the Institute of Aerospace 
Medicine in Bangalore, is related to the 
effects of microgravlty environment on 
humans. Aspects such as cardio-vascular 
deconditioning, space sickness and dis¬ 
turbance of motor functions will also be 
investigated. 

Wing Commander Ravish Malhotra 
and two other Russian cosmonauts will 
make up the stand-by team. 

Cancer-causing asoliiioprlne 

T ime and again, side-effects of drugs 
have caused a controversy. Azothiop- 
rine, a drug prescribed for kidney trans¬ 
plant patients during the past ten years, 
may have been responsible for causing 
skin cancer in them, reports a University 
study in Australia, 

A five-year study of400 patients by the 
Department of Surgery, Universi^ of 
Sydney, reveals that azothioprine, an 
immuno-suppressive drug prevents the 
body from rejecting the new cfgan 
(transplanted Iddni^L The drug affects 
the celK m the upper layers of sfiin 
(epidermis). It prevents the normal re¬ 
pair of the cells that counteracts damage 
from sun. Normally, new cells arc regen¬ 
erated; however# m dnv]paevents i^is, 


and the old cells then mutate, causing 
cancer. 

According to Graham Kelly and Ross 
Shell who did the study, when the drug 
was brought into use in Sidney in the 
early 1970, immunologists had antici¬ 
pated that one of its side-eifects would 
be cancer. But compared to dialysis 
which is a very tedious and expensive 
pru:edure, this seemed an ^'insignificant 
risk”. It was therefore suggested that 
patients on this drug would be moni¬ 
tored thoroughly and as soon as cancer 
appears, they wpuld be treated. 

But what was surprising was the high 
incidence of skin tumours. These were 
squamous tumours which mainly arose 
from the epithelial cells. Researchers 
suggested that the development of skin 
cancer in transplant patients has impli¬ 
cations in studying the development of 
other cancers too. 


Third World as nuclear 
dnst-Un? 


I s nuclear industry in the US on a 
decline? It seems so, goins by the 
recent reports in the different Kientffie 
journals—there has not been a sii^ 
new order for a nuclear reactor in the tffl 
since 1978. ProUems feeing the induttay > 
have been many since its ine^rtipB, tub 
now they seem to have become iinfeaet<« 
able. The proponents of the eiudeSr' 
eneigy are filling it more mi tatfle' 
difficulf tff eon^ioe i' 
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«i(4ht imd^ mtitm (the 
BMlMC plants doubled 
AuHni ^Hie IfJKMi up& have ftifdier 
ipd^tMtll bp 0l)OMir 80 per cent for 
pitaibi dfider oorntruethM) and the safe 
Awosalofmidiearvmtes The existing 
stnMeer of the hidushy. in order to 
survivt the continunig stagnation, is to 
aalrvice *010 esbtfng plants or to sell 
reactors^ overseas. 

On the queshoii of safe disposal of the 
nuclear waste, the nuclear industry 
seems to have reached an impasse 
Iteteardi efforts are continuing to make 
the ‘wwafe' more and nuire safe, but 
that not being safe enough, now the 
apphoadr seems to have dunged Some 
Western countries are thinking of 
dumping the nuclear waste m the Third 
World countries, especially in the vast 
uninhabited tracts of Africa A step in 
this direction seems to have been taken 
with China. ^ 

Chutt has bifered to act as a dust>bin 
tor spent raihoactive nuclear fuel from 
West German reactors A total of 4 000 








totanM of jmdtfqd, under a lang«tenn 
pontnct mun$ OU the end of tMs 
tentum, is propdscd tobe stored m the 
Gobi oesprb In mtum, it w&t be paid 
545 blltion US do&ars. This prppotad ^ 
yet to meet the appnmd of the West 
Gnmun Govemmant and US authonsa* 
bon, especially if nwnt fuel rods being 
sent to China, were rniginafly ennched 
in the US. 

Chuu’s plan to be a store-house of 
western nuclear waste Will literally make 
It a plutonium mwie, for the latter can 
be extracted from ^ nudcar waste 
Plutomum u the mam component of a 
nuclear bomb. 

Of course, Chma CHuiot be consi¬ 
dered as a true representative of the 
Third World and its reasons for the 
import of nudear waste are entirely 
different from a situation whereby the 
African lands may soon be converted 
mto nudear wastelands 

NowyoQ can extract gold 
more easily 

A new process for gold extraction has 
been developed by Norman Haber 
and John Lee of the US Though chemic¬ 
al and tedmical details of the process 
have not yet been disclosed, Haber 
emphasises that tests on a non- 
carhonaceous ore assaying at 7.09 gm 
per tonne indicate that it can be used to 
recover 95 per cent of the gold in 10 
hours at about $2 per tonne The 
conventional cyanide process by com¬ 
parison gives a 95 per cent recoveiy in 
six days at a cost of $10 per tonne 
In the cyanide process, a low grade 
gold ore is leached m vats, using a 
solution comprising mainly of sodium 
cyanide The new hydrometallurgical 
process is based on a hitherto unknown 
chemistry for solubilising gold It can be 
used to recover gold from carbonaceous 
ores which are very difficult to process 
with cvanide This process can also be 
successfully used to« extract palladium 
but not Silver 

Ri^tltoiy of English to be 
oooigaterlted 

AN Ambncan ffarm is going to com- 
XSpottette the cnbro Oxford English 
tKctuMDiy (oeb) with its 12 voiiunes, 
five supplements end a bibliognphy 
The coinpiiteriied oeu will be able to 
CPO* viith the eomtant language 
aUtafV.* Neolpgisins 



‘'It doesnt explain phrases But here ofpe 
24 meanings for ‘up' and 36 meanings 
for ‘your^ * 


could be logged and substantiated with 
proper quotes almost instantly, ahd 
could easily be issued in monthly mstal-* 
ments 

Keeping in mind the need for revision 
and Reprinting, the publishers of OED 
have also struck a computer typesetting 
deal which will enable revised dictionary 
to be brought out within two years. 

The target for the first “bard" copy of 
the new electronic oed is the early 
nineties It wilh then be “on-line" to 
other computers around the world, im¬ 
mediately available to scholars, trans¬ 
lators reference libraries and so on The 
estimated cost to install the necessary 
equipment for the project in the oeo's 
headquarters in St Giles, Oxford, in the 
UK, IS £4 million 

LaMT saves sight 

F or years 11 year old Lisa Finch of 
Worcester in the UK had battled 
against the odds But now the cheery 
youngster has been given a will to live 
For after a revolutionary operation using 

Usa with herbe$i Mend 
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ft boer bcHin, Ljsa's sight has begun to 

Um had tuouble with her «iyes rl|g(t 
the start. She was bom ciws'md 
and she had an operation to turn them. 
'Ifds te{t her short-sighted and she had 
* tp wear glasses. When she was four years 
oM, a n^FStery iUness left her totally 
blind in her left oye. And atten she was 
iMvitig tfouble se^ng the blackboard in 
jdte Khool. L>isa was seen by 17 doctors 
in all. but no one oouM actually pinpoint 
the probiem. They said abe>had tunnel 
vision and that she heeded an operation 
to stitch the retina back in place, as it 
had detached. They would put a gas 
bubble m hereys tokeqi it in place.A^ 
the openthm Usa couM see only a hint 
light. She was almost totally blind and 
the doctors said they couldn’t do any¬ 
thing. 

A few days later Lisa was back at the 
hospital—^ blood vessels in her eye 
were broken, liie surgeons said that 
they wouldlike to try using a laser beam 
to heal die blood vessels and that there 
was a sifan chance that Lisa’ftsight might 
be restored. An eiAt hour operation and 
a week after, she could see cloudy 
shapes. The nest day she saw bright 
colours and outlines 1 ^ by the end of a 
week 30 per cent of her sight had been 
restored. 

Lisa loves reading and writing and 
they are heriavoufite subjects at school. 
If she uses a magnifying igass or holds a 
book up close, she can see ouite wdl. 

—Caeob Rneaeft 
(Aii» Feabms) 

IMd irfanto gvtrive from 
photogyntiietk bacteria? 

A BACTERIUM which probably repre¬ 
sents one of the first steps in the 
erolution of photosynthesis has been 
discovered by Howard Gest and Jeffery L. 
Fdvinger ot Indiana University in the US 
In 1980, Gest proposed a theory, that 
the pigment or light scattering systems 
of photosynthetic bacteria evolved inde¬ 
pendent of the other parts ot the photo- 
synthetic machinery. At some point m 
the remote past when the Earth’s aUnos^ 
phere was still oxygen free, the pigment 
systems fused with other systems fmn 
anaerobic bacteria. Later in evolution, 
green plants modified the photosynthe¬ 
tic system releasing free oxygen which 
made higher life forms possible, 
f n^e discoveiy of the HeMmeteriim 
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cb/oDijp has lent cradepce to Geits 
thco«y?,1lii$ gyMd ddhxnM bdOnbm 
aonbftifejt atik|(w form cf 

ftaw ft fe witiw to wygav-cyift mii^ 
amountft'.fiif aiv dut Ull ft Fftrtibcf 
rtudito we sfUl to be perfonhid> but 
torb'ftndlt^ tocm to imfteatc Ihit tUi 
bacterium may rqweaent toie of (he 
eartiwt aups in the deudApmelit xif 
phatoeyndMria. 

Iligpeiogaiikgit 

T his year’s noibiMrioMa far the Nobet 
Peace Priac makp inteiesting.read- 
iiig.AgitoipofwoinenMihohaveipeiit 
several years caanping outside the liS Air 
Porcc blue in GfeeQhm Coniinoo, Eng¬ 
land, proteatfaig against the deployment 
of nuclear nd^es in the UK, figure 
prominently on the Hst. The nomination 
was submitted by the Swedish AssocU^ 
tion for Peace and Justice. Interestingly, 
the two persons, President RoraUd 
ftcagan of the US and the British Prime 
Mbiister, Margaret Thatcher, against 
whose decisions these women arc pro¬ 
testing, also an among those nominated 
for the Peace Prise. 

Indira Gandhi’s lusne has been put ^ 
for her sustained struggle for the Third 
World and world peace. The other names 
are ttiose of (he Canadian PHme Minis¬ 
ter Pierre Trudeau and the jailed South 
African leader, Neksib Nabdeka. 
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Suit againgt toxk 

C HEMC^ warfare is prohibited by 
the Geneva Protocol and the 
1972 Biological and Toxic Weapons Con¬ 
vention. However, the superpowers 
seem to be geared to ail possibilities as is 
evident from a butyl rubber suit and 
mask reportedly issued to Soviet troops 
in Afifhanistan. According to the US 
Defence Intelligence Agency, tiie suit 
provides eneefient protection against ‘ 
‘Vdlow rain” a deadly Chemical. 

*1110 suit which mchidcs a coat, knee- 
length boots and gloves is found to be 
very hot, heavy and difficult to man¬ 
oeuvre in. A specially treated undergar¬ 
ment should be worn for complete 
protection against chemicai or biologic¬ 
al agents. 

A ffilared eanisier makes Bifr mask 
vety cllbcttve. Vut the smaO WtPiMW 
restrict side vision and the ladi ft 
voicemitter (device that transmits uoicc) 
hinders communication. The suit has 
other uses too, as a ndn cdftL Bifid 
sheftw and fibatatiQn bag. 
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>rill bt u««d as fn otWUng laboratoiy 
enter to eoefunirdal and 
' lllilw parpoMii a* ( denice itation 
to lateUlltaii a buUdIfig site where 

jMHipnfi 0sA aaMRibtd atiructures too 
to be Wted fttrni the Eardi and a 
apBGaAasad.laiinching pad from whkh 
nwRMeMcditiorM douM set off' for the 
Moan and We. 

lb# apace station will be constructed 
part Ifr part. Aeeording to present plans, 
its vtmiaid wfll be put into space by 
ltMRi..R will |iawe nearly SOO cubic 
iMtril of pressurised space in whidi a 
crew of sfat to etfit will live and work. Its 
core will probably consist of four cylin- 
ders> each about 6 metres long and 4 
metres wide, ^t could be carried m 
successh* shuttle launches and assem¬ 
bled ip space. Two will be laboratories 
for life suences and materials proces¬ 
sing, a third will provide living quarters, 
and the fourth will be a detachable cargo 
hold. There will also be a docking hub 
for the shuttle, a power plant fed by half 
an acre of solar panels and unpressu¬ 
rised platforms to mount sensors and 
eqienments. The cost estimated for the 
initial station is US IS biilion. 

Gimviiig old but not senile 

G oodbye to the notion that old age 
inevitably entails a steady decline m 
intellectual capacity. East German re¬ 
search shows that intelligence and men¬ 
tal skills can he increased significantly 
by training in old age 
The Max Planck Institute of Education 
at Berim, gave 'intelligence training’ to 
250 persons aged from 60 to 80. The 
braining programme consisted of five or 
ten hour-long sessions over two to four 
weeks with exercises in memory, induc¬ 
tive thou^t and problem-solving. 

To assess the effects of training, the 
participants were given three-hour intel¬ 
ligence tests before and after a session. 
There were also follow-up tests after one 
aM sbe months* to discover how long the 
effects lasted. 

Regardless of the participant's initial 
education, age and sex, the programme 
produced a dear and hetbig improve- 
incnt in mental performance of those 
Who underwent intelligence training. 
Paul Bdtes, head of the insUhite, con- 
dudes that most ageing people retain 
citbitf ia latent aUllty or reserves that 
cap bf activited for fotetHgent accom- 




etyouragt you must 4o soir»- 
thlnf to inyuvot your MMyrnct." 

Onigi implicated in 
causing daatha 

D rugs are meant to give comfort 
and save lives. But two anti-arthritis 
and anti-inflammation drugs are strongy 
implicated in causing more than 10,000 
deaths, reports a consumer organisatkin 
in the US. The drugs phenySiutasone 
(Butasdidine) arul oxyphenbutasone 
(Tanderii) manufactured by the Swiss 
company Ciba-Geigy, are regularly pre¬ 
scribed by Physicians all over the world 
mciuding India for arthritic problems. 
According to the Public Citisen Health 
Research Group, in the US, it is esti¬ 
mated that about 135 million people 
have already used these drugs. The 
drugs were held responsible for about 
3,100 deaths which occurred in the US 
and 7B00 deaths in other countries 
during the past three decades. Hencd, 
the research group has asked ^ Secret¬ 
ary of Health and Human Services to 
ban these drugs. 

The drugs phenylbutasone and ox- 
yphenbutasone are known to cause 
aplastic anemia—depression of bone- 
marrow resulting in reduced produebun 
mainly of red blood cells There is also a 
decrease in the production of white 
blood cells (agranulocytosis) leading to 
increased susceptibility to infeebon. 
Putther, leukemia (blood cancer), gas¬ 
trointestinal bleeding and peptic (sto¬ 
mach) ulceration, or )ioth, are the other 
adverse effects caused by diese drugs. 

In spite of unequivocal evidence, 
these drugs seem to be bogged down m a 
controversy. Scientists from Ciba-Geigy 
insist that phanylbdtaaone and oxyphen- 
butasone cause severe rcactioni includ¬ 
ing death. However, the management of 
Ciba-Geigy at New Jersey, disputed the 
number of deaths oocuring due to the 
consumption of these drugs. The esti¬ 
mate of deaths was JO times the number 
known to the company, The Food and 
Drug Administration is also aware of 


However, he does not deny ttel phy- , 
siological deterioration entails a decline;., 
in mental abilities in old age. But thoae 
elderly people who exercise their minds 
regular^ can maintain peak perform¬ 
ance in selected fields, inctudlng Mlen- 
tifle research. Only a small number of t, 
people lufliering from definite brain 
disorders are certain to decline In alt 
respects. « 

only 312 deaths though the company 
acknowledged 1,182 deaths since the 
introduction of the drugs. 

Arthritic drugs are not new to Ihe 
public. About 50 to 100 million people 
have been taking phenylbutasone sinCe * 
last 30 yean and about 40 to 80 million 
have used oxyphenbutasone since its 
introduction in 1961. According to an 
arthritis specialist at the US Natiomd 
Institute of Health (NIH). "the risla from 
the two drugs do not appear to increase 
with extended um. indicatang that usen 
who have net had advene reactioiu 
pnfoabiy will not have them", But then, 
how does one account for the high death 
rate with the use of these drugs? 

This controverqf has caused an inevit¬ 
able drug scare and the secretary of 
Health and Human Services has imreed 
to review the two drugs. 

During the yean 1981-82, the anb- 
inflammatory drug, benoxaprofen 
(Opren), for treating arthritis, caused a 
commobon in Bntairt. The drug was 
said to have a unique mechanism of 
action and it claimed to prevent arthritis 
from getting wone. Neither of these 
claims were substantiated. The range of 
known adverse reactions extended from 
mild rashes, bleeding in Uie stomach 
and the intestines to fatal bone-marrow 
damage. 

Benoxaprofen was mostly used by 
patients over 65. Elderly patients with 
"below par" kidneys take a long time to 
eliminate b» drug. In such cases, the 
drug concentration in the blood itailds 
up. eventually exceeding the therapeutic 
level The accumulated drug in the 
kidney may damage kidney cells and 
hence it affects the excretion pattern. 
Thu may also laad to hitter drug levels 
in the liver, sabtfiting liver ensymes. 
Jhe liver, thereby, is also less able to 
metabolise the drug for excretion. 

Though this drug is now banned in 
the US. there are several others which 
have replaced it. 
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Getting down to 
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T he evolution of computers was 
outlined in the previous article 
of this series (SCIENCE TODAY, 
March 19H4). There is one com¬ 
mon thread running through the his¬ 
tory of computers: the motivation for 
automating computation has always 
come trom one of the following two 
sources. 

□ Accounting or more broadly the 
maintenance and processing of busi¬ 
ness data. This has now acquired the 
name of data processing or DP. The 
term is a misnomer, since all computer 
applications involve the processing of 
data, but we bow to common usage. 
Other terms used in this context are 
BDP (Business DP), CDP (Commercial 
DP) or EDP (Electronic DP). 

□ Mathematical or scientific computa¬ 
tions, that involve the calculation of 
certain quantities that are too difficult 
to obtain manually. We call this Sclen- 
tiflc processing and abbreviate it to 
SP. Another, somewhat derogatory, 
term for SP is number-crunching. 

These have been the two traditional 
applications of automated computa¬ 
tion. A more recent development is 
symbol processing, where the emphasis 
is on handling data mure complex than 
mere numbers. We shall examine sym¬ 
bol processing in detail later. Presently, 
we concentidti on computer process- 
mg in bllsme^^ and si lence 

Data processing 

DP encompasses a wide field, from 
the traditional o( payioll (printing 
pavslips lor I’nipiMveesi tu • ophisticali’d 
forms ot tinjiihijl jccounling .s’j/e.s 
analysi.'- and pn Jt/i imn planning. The 
forms o( DP oiitpul most tamihar to us 
are electricit> and telephone bills, and 
the marksheets issued by the examina¬ 
tion Boards and Universities. 

In DP applications, the central con¬ 
cept is a data file. Each data file is 
composed of records which in turn are 
composed of flelds. Figure 1 shows 
records and fields in an employee data 
file for XYZ & Co. Each employee has 


one record describing himself, with 
fields for his name, salary, age, the 
department he is in, etc. The file might 
be stored on punched cards, tape or 
disk. The monthly payroll can be pre¬ 
pared from this data. 

The standard model for DP systems 
is quite simple (see Fig. 2). All data 
pertaining to a company is stored in a 
master flic. Every now and then, 
however, some changes will take place 


done in two stages: data entry and ^ta 
validation. Entering a lot of data is a 
nun-trivial operation—think of thf 
number of deposits and withdrawal 
made by a bank in a single day. It is 
very probable that some mistakes will 
be made however skilled the data entry 
personnel may be. Sometimes, data 
entry may be performed oflMlne (at a 
different site from the computer) and 
some data may get lost or mutilated in 
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in the company. In case of personnel— 
people are recruited, fired or promoted; 
they retire or die. More drastic altera¬ 
tions are also possible; a new depart¬ 
ment is formed or a new pension 
scheme comes into effect. 

As changes take place, the original 
master file gets outdated. It should 
therefore be periodically brought up to 
date. A list of changes to be made also 
called updates, is prepared in a trans¬ 
action file. An update program reads 
each desired change from the transac¬ 
tion file and modifies the master file 
accordingly. The transaction file.": 
are composed of records and fields, and 
are stored on cards, tape or disk. 
Programming for DP applications 

Let us start with the preparation of 
till' tian.saclion til<* itself This is 


transit. Punched cards are the time- 
honoured medium for data entry, but 
they are notorious in this respect— 
they get easily bent, torn or misplaced. 

Does it matter if one record in a 
thousand is slightly disturbed? Well, 
imagine your cheque for Rs. 100 is 
entered as Rs. 1,000 by mistake. In 
order to avoid such costly mistakes the 
transaction file has to be validated that 
is, checked to ensure that it faithfully 
represents the original list of updates 
prepared by the company. Business 
data typically involve a very large 
number of records. So manuallly vali¬ 
dating transactions may be virtually 
impossible. Hence, a program is used 
lor (lie validation. 

Even during the initial preparation 
of the master file which is also known 


Fig. 2 The standard DP model 
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as a master file load a data entry and 
validation operation is required The 
transaction validation is just to check 
that no transaction is improper. For 
example, age field should have only a 
two digit number A master validation 
on the other «hand will check across 
transactions as well (The salary of the 
manager should be greater than that ot 
the employees under him) 
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From now on, the master file is 
assumed to be God Associated with the 
master is a set of integrity constraints. 
An example is “All credits and debits 
must add upto zero, ’ which makes 
sense in a financial accounting system. 
When a transaction updates the mas¬ 
ter, the integrity constraints are check¬ 
ed Any transaction that threatens to 
violate these constraints is marked as 
erroneous and the master is not up¬ 
dated. I^his process is known as updat¬ 
ing the matter. 

Each update—correct and 
erroneous-^is printed out for examina¬ 
tion. Along with these reports, a new 
t file IS generated which becomes the 
new master, the second incarnation of 
God, valid until the next update (see 
Fig. 3 ). 


The final phase, in data processing 
achieves what the computer system 
was developed for —report genera- 
Uoih—to produce information regard¬ 
ing the organisation (Fig 4) A whole 
battery of report generating programs 
may be developed to answer queries 
like 

□ What are the salaries of the staff in 
the Accounts department^ 

□ Whose salaries have gone up by less 
than 10 per cent in the last five years'* 

These reports are to be printed out in 
the format prescribed by the manager 
or whoever wanted the report In the 
case of business forms such as payslips, 
marksheets etc the printing is done on 
specialised stationery. 


DP Personnel 

A DP problem is generally posed by a 
marketing executive The systems 
analyst then examines the data proces¬ 
sing needs of the company and decides 
on what sort uf information will be 
required, not only for the present, but 
also in the foreseeable future He/she 
designs the data files on this basis 
what sort of records should be present, 
what each field should mean, how 
should the various records be validated 
and so on Then the system of prog¬ 
rams that operate on the files is speci¬ 
fied, and a schedule for running prog¬ 
rams IS prepared 

The actual operation of the programs 
IS supervised by operators whereas the 
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I N THE beginning was the seed 
...Then came the plant. Not any 
more. Iluuiks to the wizardries of 
tfnetic engineers you can rewrite 
' Qie DOtanical genesis: 

"In the beginning was the cell, any 
cell hrom stem, root, anther or leaf not 
J necessarily a seed. From it you can 
) ir^nerate the entire plant.” So you 
* have coconut palms being grown from 
* a tirw clump of cells in the test-tube, 

' rice being grown in brackish water by 
^ unconventional methods, newer, super 
varieties of tomatoes grown in frost... 

New crops. New trees. New strains. 
Even rare and superior varieties are all 
. easily available due to the revolutionary 
techniques of “plant tissue culture" 
developed over the last 20 years. As the 
name suggests, pieces of growing tis¬ 
sues of plants are taken, dismfected and 
cultured on a suitable medium. The 
mass of cells multiply and remultiply. 
On altering the conditions, the cells 
‘ begin to reorganise into whole plants, 
esactly resembling the original parent 
plant. These carbon copies together 
constitute a clone. 

How does one proceed? 

When any plant part (shoot tip, 
stem, root, inflorescence, anther, leaf) 
is excised ^m a living plant it usually 
contains bacteria or fungal spores 
which will grow very rapidly in the 
medium (nutrient solution containing 
minerals, sugars, plant hormones, and 
vitamins). Consequently, before im¬ 
planting of the plant, material on a 
previously prepared culture medium, 
the first step is to fret the medium of 
micro-organisms by sterilisation. Va¬ 
rious media formulations are available, 
however that prepared by Toshio 
Murashige of the University of Califor¬ 
nia, IS universally used The medium 
includes various nutrients or chemical 
compounds, as produced and supplied 
\s!/ the parent plant. The culture 
medium may either be made semisolid 
by addition ot agar or it can be left as it 
is. When gniwn on agar many plant 
tissues are known to form a mass of 
‘‘undifferentiated” cells while agitated 

A eoatnUtd Itmpentun mom fartaeubatkn 
9f pbnf cukuns (ta$et) 
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TREBS which help stop the erosion of topsoil have been 
chopped down wholesale for firewood. Ecologists regard 
this situation as serious but not hopeless. Using plant 
tissue culture barren forests cah be reforested with 
millions of trees in no time 



iMgt number ofEuealypiut thooti 
devehnlnien medhtm on eubenltme 

liquid cultures often produce cell sus¬ 
pensions. Such a mass is called callus. 
At this stage, the callus is a compact 
mass of small similar cells (with dense 
cytoplasm) wherein, no part of the 
plant (trunk, stem, leaO can be disting¬ 
uished. Plant growth regulators. or 
hormones such as auxins and cytoki- 
nins are added to stimulate the cells to 
divide, forming roots or shoots. It is 
known that the formation of roots is 
stimulated by auxins, one of them, 
being «—naphthalene acetic acid and 
shoots by cytokinms such as kinetin, a 
purine derivative (6—ftirfurylamino- 
purine). In many cases a 
combination of cytokinins and auxins 
is necessary to pr^uce a large quantity 
of shoots. The crux of plant tissue 
culture research is to look for the best 
combination of nutrients and hor¬ 
mones (a cook-book recipe) by a trial 
aild enror method to induce shoot 
production and/or root development 



IVaoMsf of Eueelyptus tnnsferrtd to the 
pot 

The property of the cells or plant 
tissues to regeneidte shoots, roots or 
whole plantiets in vitro has wide appli¬ 
cation in micropropagation, mutant 
isolation and regeneration of proto¬ 
plasts 

Speeding up tree propagation 

For many years horticulturists have 
maintained the genetic characteristics 



of selected individual plants over suc¬ 
cessive generations by producing new 
plants from cuttings of grafts of the 
superior stock This method is known 
as vegetative propagation which is now 
being used by foresters for the genetic 
improvement of many forest trees. The 
seeds of these trees are produced by 
natural wind pollination and have been 
found to produce stock with improved 
growth rates Also, better results can be 
obtained if the seed is produced by 
controlling the pollination between the 
uperior trees However hand pollina¬ 
tion IS a time consuming and labour 
intensive operation, even if it is 
directed only towards making a fair 
amount of superior seed Known 
methods, on the other hand give only a 
small multiplication advantage. A more 
recent form ot vegetative propagation 
called micropropagation using tissue 
culture has the greatest multiplication 
advantage It is a process ot producing 
new plants in large numbers under a 
sterile atmosphere from very small 
pieces of selected plants or tree tissues. 







Plantlet formation by micropropaga¬ 
tion can* follow two separate pathways. 
Plantlets can be produced from the 
shoot tips or other primary explants 
directly. They can also be produced via 
the formation of intermediate callus, 
l^is process of plantlet formation or 
development of a complete plant is 
known as organogenesis. The second 
pathway involves the formation of the 
so-called somatic embryos or 
embryoids from the callus. These 
embryoids are analogous to the normal 
embryos. However, they contain gene¬ 
tic material from a single parent—they 
are clonal. 

The pieces of plant tissues are cul¬ 
tured and grown on a soil free medium 
where the explants pass through three 
miyor stages. Stage 1 is the formation 
of multiple shoots. Stage 2, the forma¬ 
tion of roots on the shoots and stage 3 
the hardening of the rooted plantlets to 
withstand their transfer to field. To get 
a culture started, the .shoot tip or any 
other actively growing region measur¬ 
ing about 10 mm is implanted on the 
culture medium. When it gets estab¬ 
lished in its new environment it begins 
sending out new shoots. These new 
shoots are separated and transferred to 
fresh media to produce more shoots. 
This multiplication process can be 
repeated every 3 to 4 weeks to produce 
thousands or millions of shoots in a 
year. 

Micropropagation i.*. one aspect of 
tissue culture which is widely u.sed 
commercially. Using this technique, 
Eucalyptus shoot cultures were grown 
in the culture medium containing 
cytokinins. Every sub-culture, pro¬ 
duced about 50 shoots at the end of 
three weeks. The shoots were then 
made tr> root in the presence of auxins. 
It was estimated that just one shoot tip 
would yicia nearly a million plants in a 
year. 

It has been proposed that embryoids 
could possibly be encapsulated and 
then handled as seeds. Laboratories 
around the world are presently attemp¬ 
ting to develop such systems so that 
the procedures for plant production 
and sowing an be mechanised. Such 
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methods would bypass the necessity of 
time consuming and costly labour in¬ 
tensive operations at different stages. 
At least 50-80 per cent of all direct 
production costs can be attributed to 
technical and skilled labour involved in 
plant collections, sterilisation proce¬ 
dures, and administrative costs. Rapid 
progress is being made in this field and 
one can be optimistic of the economic 
feasibility in the development of prac- 
tial systems for mass sale production 
of plantlets from generally selected 
forest tree species. 

Tissue culture for forestry 

Earlier, tissue culture—investiga¬ 
tors concentrated on herbaceous spe¬ 
cies beause these herbs tended to yield 
uncontaminated cultures which gener¬ 
ated plants with relative ease. Woody 
plants have till recently been ignored 
beause they are more difficult to 
propagate and were considered real- 
citrant. They present problems for 
isolating uncontaminated cultures and 
of inducing root and shoot differentia¬ 
tion either from callus or tree explants. 
However, the recent successes with 
mature trees of tak, eucalyptus, pop¬ 
lars and pines in India and with seedl¬ 
ings of pines and poplars in other 
countric.s, have renewed interest in the 
use of tissue culture and have indiated 
the vast potential of its use in forestry. 

Tissue culture techniques have now 
yielded tall majestic trees having a 
faster growth rate for fuel, better wood 
quality for timber or pulp production 


and higher edible products or oil yields. 
However, due to cross-pollination, the 
progeny raised by seeds is not idential 
to the parent. 

In order to produa trees of the same 
kind in large numbers, this technique 
an be well utilised. Plant material 
could be picked up from a large num¬ 
ber of generally diverse individual 
plants of different desirable genetic 
traits, brought to the laboratory and 
mass multiplied. The plants produced 
can then be remixed in the plantations 
thus reducing the odds whereby the 
whole plantation an be wiped out by 
disease. The potential of such a massive 
multiplication programme could be 
estimated from the impact it could 
have in farm forestry programmes for 
increasing the fuelwood apacities of 
the plantations. 

Growers may one day buy cultures 
instead of seeds to meet the future crop 
requirement. Studies on the refine¬ 
ments of these techniques are being 
developed so that they can cut the 
present costs to a fraction. ''Tie present 
cost of mass producing seedlings for 
production-forestry from shoot tip cul¬ 
tures is of much concern to researc'iers 
and foresters alike but appears to hold 
the greatest promise for immediate 
application. 

In addition to the use of micropropa¬ 
gation for regeneration of high value 
mature trees selected for specific gene¬ 
tic traits such as wood quality, form, 
growUi rate, pest and disease resist- 
ana, the method also holds promise 
for cloning generally improved seedl¬ 
ings produced by controlled pollination 
in seed orchards. The demand for wood 
as a renewable energy source of 
biomass is projected to double by the 
yar 2000 both in the developed and 
developing countries. Its use will help 
reduce our dependence on fossil fuel. 

In India 68.5 per cent energy is used 
in the form of firewood in household 
sectors. However, on aaount of popu¬ 
lation pressures, the demand for fire¬ 
wood has outstripped the natural re¬ 
generation and planting, so much so 
that in some areas though there is food 
to at, not enough wood is available to 




cook the same, resulting in depletion of 
the forest cover. One of the alternatives 
is in selection and mass scale replica¬ 
tion of fast growing identified trees. 
Such tree plantation programmes will 
help to increase the overall yields of 
fuel which at present is barely over four 
' dry tons of wood/year to about ten 
times this amount if the tissue culture- 
raised trees from the fast growing stock 
are all identical in growth rates with 
the parent clones. 

Using tissue culture it is possible to 
increase the vigour of tree clones by 
meristem culture for the production of 
disease free clones. The abilih' to mul¬ 
tiply cells that are free of virtually 
every known disease in tissue culture, 
has eliminated the need for quarantine 
and international shipment. 

More lor 1-term projects where some 
progress hus already been achieved is in 
the introduction of new genetic varia¬ 
tion in clonal plants by development of 
techniques for in vitro mutant selec¬ 
tion. Simple selection procedures for 
creating stress conditions within the 
medium can be developed. Plant scien¬ 
tists add chemicals that stimulate 
drought to the cell medium and create 
other hostile stress conditions like 
salinity, alkalinity, disease toxins, etc. 
Surviving cells are then coaxed to 
multiply. By repeating the process 
rruiny. times, cells and plants that 
flourish under these adverse conditions 
can be developed. 

Isolation, culture fusion and re¬ 
generation of somatic hybrid plants By 
fusion of plant protoplasts (cells freed 
of their cell walls ly hydrolytic en¬ 
zymes) or by recombinant DMA techni¬ 
ques also show tremendous potential. 
Not only can cell fusion produce hyb¬ 
rids that would otherwise be impossible 
but additional agents such as genetic 
nuterial from another plant (that con¬ 
fers certain desirable traits like disease 
resistance) can be introduced into the 
isolated protoplast. This may alter the 
genetic make up of the resulting 
plants. However, once the cells have 
fused, problems in concocting the right 
regenerative and rooting formulae can 
be mopnous. 
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The new techniques of somatic hyb¬ 
ridisation or genetic engineering over¬ 
comes sexual barriers and can make 
wide crosses between different plant 
families or kingdoms, possible. These 
techniques are still very elementary, 
but they have advanced sufficiently so 
that one can expect a faster production 
of new plants and varieties. 

Another application of tissue culture 
in forestry would be in its use for 
production of haploid plants from the 
germ cells (pollen grains). Each parent 
is diploid that is, it contains two sets of 
chromosomes. Germ cells are haploid 
having half the number of chromo¬ 
somes. In other words, it contains just 
one set of chromosomes acquired from 
the parent. These haploid germ cells 
develop into a haploid plant. The ha¬ 
ploid embryo is subjected to colchicine 
treatment. Colchicine causes plants to 
double their number of chromosomes. 
The haploid hybrid splits its chromo¬ 
somes and becomes diploid having two 
sets of chromosomes Actually, it is not 
a true diploid but it is a 'di-haploid'. 
This di-haploid is perfectly homozy¬ 
gous or uniform. Isolation of haploid 
cultures would help in a quick produc¬ 
tion of pure lines. 

An increasing awareness that tissue 
culture can also play an important role 
in rapid multiplication and mainte¬ 
nance of sterile plants as an alternative 
to seed storage of germ plasm for 
preservation of the identified elites 
from different locations, is developing. 
Such a conservation strategy would 
reduce ttte danger of accidental loss of 


invaluable germ plasm and also of tree | 
species which are gradually becoming i 
extinct. Several copies of these trees 
can be stored in the laboratoiy and 
used when required in any breeding 
programmes, based on their specific 
adaptability. There is a recently pub¬ 
lished report in the National Academy 
of Sciences of USA on Humanities 
destruction of Tropical forests and the 
necessity for a massive effort for col¬ 
lecting germ plasm in tissue cultures. 

Future prospects 

Barely two decades ago plant tissue* 
culture was just a basic research tool. 
Since the last ten years several com¬ 
mercial laboratories have sprung up 
producing millions of plants by orga¬ 
nogenesis, although cloning of mature 
forest trees has been achieved only 
since the last 5 years. In addition, 
attempts are also being made to pro¬ 
duce somatic hybrids and genetically 
engineered and mutant trees. 
Embryogenesis from forest and other 
plants is still rare and offers many 
problems. The emphasis now rests with 
the process engineers for refinements 
of the technology which is at present 
highly labour intensive to a low cost 
conveyor belt mechanised technology 
for the manufacture and sowing of 
millions of plants. This will reduce the 
present concern over the costs in mass 
production of forest trees required for 
any farm forestry programmes. 

The progress is rapid and we art. on 
the threshold of many more revolu¬ 
tionary changes for mass scale manu¬ 
facture of plants and the creation and 
evolution of an entirely new class of 
plants and trees. As our knowledge of 
plant growth and development gradual¬ 
ly increases we can look forward to 
tissue culture making many more sig¬ 
nificant contributions to plant breed- 
irjg, agriculture and forestry before the ^ ^ 
turn of the century. U 


Ur Mom aren/m is a samlist m the ttMthemis- 
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Shoots arising fnm pmtoeoms tormad 
tar sbool'Up o/Cymbldium orchid 

O RCHIDS are the most sophis¬ 
ticated plants of nature. They 
are unique in several ways. 
The structure of their seeds 
and mode of germination is very dis¬ 
tinct from the other flowering plants. 
I^irther, the commercial varieties of 
orchids do not produce seeds. Those of 
which do, show a great variation in the 
progeny. Also, the conventional 
method of vegetative propagation of 
orchids are extremely slow. 


It was in 1964 when a French 
Botanist' George Mo'el achieved suc¬ 
cess in growing orchids using aseptic 
cloning or tissue culture technique. 
This revolution in orchid industry 
came through accidentally. While 
attempting to raise virus-free plants of 
Cymbidium by culturing less than a 
millimetre long shoot-tips from in¬ 
fected plants of the orchid, he observed 
that these ‘microcuttings' instead of 
developing into leafy shootSt formed 


spherule—like structures with rhizoids 
at the base. These structures were 
identical to the prptocorms (original 
plantlem normally formed by embryo 
during seed germination. Each shoot- 
tip produced a clump of about haif-a- 
dozen protocorms. If the proliferating 
mass of protocorms, before the forma¬ 
tion of plants, was sliced into 3 to 6 
pieces and placed on fresh medium, 
each one grew and budded off into 4 to 

8 pratocofflto a moil’s; 




“In the nursery shops, guaranteed pathogen-free plants 
can be bought as novelty items in attractive containers” 


This process of protocorm multiplica¬ 
tion could be repeated indefinitely. If, 
however, the protocorms were not 
chopped, each one of them developed 
into a plantlet. Morel estimated that 
even If each protocorm gave only four 
new plants in a month, it should be 
possible to raise over four million 
plants in a year starting from a single 
shoot-tip. Appreciative of the great 
potentials of this new technique, the 
commercial orchidologists rapidly 
adopted the aseptic method of cloning 
orchids. The methodology developed by 
Morel has been further refined over the 
years. Practically all economically im¬ 
portant orchids are presently propagat- 
able through ti.s.sue culture. Indeed, 
tissue culture is currently the only 
economically feasible method for clon¬ 
al propagation of orchids. Ail major 
orchid growers the world over, now 
have well established tissue culture 
laboratories. 

Multiplication of other plants 

General interest in aspetic cloning of 
plants aro.se from the grand success 
with orchid.s. The exciting break¬ 
through in orchid industr\\ prompted 
the horliculturi.sts to u.se this techni¬ 
que for propagating various other 
ornamental and orchard plants. 

During the last two decades the 
development in this field has been .so 
impressive that numerous nurseries in 
the developed countries have acquired 
well established li.s.sue culture labor¬ 
atories. They are routinely using the 
aseptic methods for clonal propagation 
of ornamental, fruit and fore.st species. 
In the USA. plants propagated a.septic- 
ally are sold in the nursery shops as 
guaranteed pathogen-free rlants and 
can be bought as novelty items in 
attractive containers. 

In tissue cultures, a piece of stem, 
leaf or root can be induced to form an 
unorganised mass of tissue, called cal- 
lus.^By manipulating the relative con¬ 
centrations of growth regulators in the 
medium, the callus may be multiplied 
indefinitely or made to form several 
shoots. Certain plants like citrus, cof¬ 
fee, date, palm, grape, sandalwood and 


many cereals undergo asexual 
embryogenesis. The undifferentiated 
tissue (callus) or pieces of stem or leaf 
differentiates into innumerable asexual 
embryos. These embryos are capable of 
direct plant formation. However, for 
clonal multiplication of an elite plant, 
the direct shoot dilferentiation from 
the original e.xplant (adventitious 
shoots) IS favoured. 

In nature, .several plant species, 
(Atrican violet, begonia, blackberry', 
peperomia) are known to strike adven¬ 
titious shoots from root, stem or leaf 
pieces. This potentiality of the plant 
cells IS routinely used m conventional 
methods of vegetative propagation. In 
cultures, the number of buds produced 
per unit tissue of such plants can be 
several fold.s greater than its natural 


Rooted plants of strawheny 
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tendency. Pieces of leaves as small as-J 
few millimetres, which cannot even';! 
survive in nature, would differentiate ’ 
into multiple shoots under culturei! 
conditions. Each one of the twenty^;;, 
fragments of a millimetre long shoot* > 
tip of grape when cultured, produces*' 
several shoots. The aseptic multiplica* 
tion of Boston fern involves gentle ’ 
grinding of shoot-tips in a blender and;, 
plating the chopped material in semi* i 
solid medium. Numerous adventitious! 
shoots/plantlets develop in each plate^ 
Several plants (chrysanthemum, gla-:j,i 
diolus, tomato) which normally do n6tC 
form adventitious buds, do so in tissutr*) 
cultures under the influence of growth^,.' 
regulators. ^ /j 

The only plants whose clonal prop»>'^ 
agatiun through adventitious shoot^ 
multiplication is risky are chimeric', 
horticultural species, where a plant ^ 
organ is mjde up of genetically diffa*:. 
rent cells. For example, in variegated.,' 
pelargoniums, the shoots arising horn 
white segments of the leaf are .solid' 
white while those originating from the | 
green segments are pure green. This 1 
.splitting of chimera is horticulturafly ; 
undesirable. i 

The method of axillary branching fof 
aseptic multiplication of shoots is most , 
akin to the conventional methods of ; 
vegetative propagation. The method is; 
ba.scd on “Apical Dominance ”, a ph€*“ 
nomenon in plants which refers to the . 
suppression of growth of lateral buds 
on a stem by actively growing terminal . 
bud. In 19.58, Wickson and Thimann in 
the USA. showed that a lateral bud can 
he stimulated to grow into a branch 
even in the presence of a terminal bud 
hy the exogenous application of cytoki- . 
nms (growth regulators) In cultures, 
due to the continuous availability of 
cytokinin. the axillar\' bud.s on the 
original .shoot dncctly develop into 
branches. Thi.s precocious relea.se of 
axillary buds Irom apical dominance 
may be repeated several times in the 
.same culture. traiKsforming the initial 
explant into a bu.shy structure. Alter 4 
to 6 weeks, it the individual shoots are 
excised and planted on fresh medium of 
the .same compo.sition, the .shoot multi- 
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'^The number of shoots increases logarithmically and 
within a year astronomical figures can be arrived at’’ 



Transplantation 


DiBgnmmatIc summary of steps ittvohed in aseptic 
multiplication of plants 



(A) The callus of wheat plant (B) Root differentiation 
(C) Differentiation into shoot buds (D) Rooted plants 
IE) Flowering of plants 
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plication cycle may continue. This 
process may go on indefinitely round 
the year. The method may be initially 
slower (5 to 10 fold multiplication 
ever>' 4 to b weeks) as compared to the 
other aseptic methods of shoot multi¬ 
plication. However, the number of 
shoots increases logarithmically and 
within a year astronomical figures can 
be arrived at According to Boxus from 
Belgium, several million strawberry’ 
plants could be raised through axillary 
branching starting from a single 
mother plant m a year. 

In certain plants, like blueberry, 
feijoa and rhododendron, it is conve¬ 
nient and economical to treat the tiny 
shoots formed in culture as mini- 
cuttings and root them under non- 
sterile conditions m the glasshouse. 
For in VIVO rooting or the aseptic shoots 
their ba.sal cut end is dipped in a 
standard rooting powder (commercial¬ 
ly available) or an auxin in talc and 
planted in a potting mix (M pumice 
and peat). Scientists at the laboratory 
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of Horticultural Science, Belgium are 
routinely using this method in com¬ 
mercial micropropagation of several 
ornamental plants {Begonia, Cordyline, 
Dieffenbachia, Dracaena, Ficus, 
Spathiphyllum, Manihot) with up to 
100 per cent success rate. However, in 
vivo rooting is not applicable to all 
species that have been micropropa- 
gated a.s their unrooted shoots do not 
survive transplantation. In such cases 
individual shoots measuring about one 
centimetre in length are excised from 
proliferating shoot cultures and trans¬ 
ferred to another culture medium con¬ 
taining an auxin for in vitro rooting. 

Transfer of plants out culture 

Plants grown in cultures are very 
delicate and require special handling. 
Due to very high humidity (almo.st 100 
per cent relative humidity) inside the 
culture vials the leaves of these plants 
do not acquire the usual protective 
surface layer, the cuticle. Consequent¬ 
ly. these plants are extremely suscepti¬ 


ble to moisture stress. As a rule, the 
plants transferred out of culture are 
initially maintained under high humid¬ 
ity (90 to 100 per cent) by keeping them 
under intermittent mist or covering 
them with clear, transparent plastic. 
Small holes are punched in the plastic 
cover for air circulation. Partial defolia¬ 
tion of plantlets and application of 
antitranspirants (substances prevent¬ 
ing the lo.ss of water from aerial parts of 
the plant), such as acropol (1 per cent 
v/v) have also been used to reduce the 
loss of water from the plants. After 10 
to 15 days under high humidity the 
plants are transferred to greenhouse 
bench and maintained in shade for 
another 4 to 6 weeks. They are then 
ready to be shifted to normal green¬ 
house conditions or transferred to the 
field. 

Applications of micropropagation 

Miernpropagation holds special sig¬ 
nificance in situations where the stock 
material is extremely limited and it 
requires rapid bulking up. In order to 







establish a reasonable sized stock from 
the material in hand, conventional 
methods may take several years. This 
period can be significantly reduced by 
efficient micropropagation techniques. 
Countries such as Australia and New 
Zealand even permit direct importation 
(without going through quarantine) of 
plant material in aseptic cultures 
which can be used as ready nucleus 
stock for aseptic multiplication. Rapid 
bulking up of plant material is also 
required in breeding programmes 
where generally there is just one plant 
with a set of specific desired characters. 
Micropropagation seems ideal for safe 
and rapid multiplication of such valu¬ 
able genotypes. 

In cases cited above, micropropaga¬ 
tion may be required only in the initial 
stages of ‘explosive multiplication' to 
build up a few thousand plants. Subse¬ 
quently, the conventional and semi- 
conventional techniques of propaga¬ 
tion may become more feasible than 
the aseptic techniques which may 
prove unneces.sarily expensive. Howev¬ 
er, for ornamental annuals and many 
perennial woody cultivars, plants or 
cut-flowers are in large demand, 
almost throughout the year. For these 
cultivars. tissue culture methods have 
proved profitable for thetr continual 
propagation. The popularity of microp¬ 
ropagation overseas has reached a stage 
that ready made media mixes for speci¬ 
fic crops have become available m the 
market as dry powders. 

Vegetative propagation is extremely 
important in dioecious species (plaTits 
with the two sexes distributed on 
separate individuals) where seed prog¬ 
eny yields both male and female plants 
with equal frequencies. However, 
plants of any one of the sexes are more 
desirable commercially. For example, 
in Asparagus officinahs male plants are 
more valuable than the female plants 
but their clonal propagation by stem 
cuttings has not been possible so far. A 
micropropagation method developed 
for this crop starting from spears is 
now proving extremely valuable. In 
Carica papaya (papaya), another dioe¬ 
cious crop plant, only a few male plants 


“India with its vast and varied flora is in a unique, 
position to exploit this technique” 


are adequate to pollinate a compara¬ 
tively large number of female plants. 
However, their seed progeny comprises 
of almost equal number of male and 
female plants which are indistinguish¬ 
able until flowering. This results in 
considerable economic losses in terms 
of land utilisation. A solution to pre¬ 
vent such losses is to clonally prop¬ 
agate established elite female plants. 
Recently in vitro propagation of this 
fruit crop has been successfully 
achieved by Litz and Conover in the 
USA (Agricultural Research and Educa¬ 
tion Center, University of Florida), and 
Pandey in India (Indian Agricultural 
Research Institute, Delhi). 

Aseptic storage of germplasm 

Aseptic culture of plant tissues and 
organs is also a potentially valuable 
technique for storing germplasm safely 
and economically. The primitive culti¬ 
vars and wild relatives of crop plants 
constitute a pool of genetic diversity 
which is invaluable to future breeding 
programmes. Clonal material of these 
plants is traditionally maintained in 
nurseries or fields which is extremely 
expensive and runs the risk of the 
material being lost as a lesult of 
environmental hazards. However, in 
cultures, relatively little space is 
needed for the preservation of a large 
number of clonally multiplied plants. 
Also, the plants are maintained free 
from pests, pathogens and viruses. 
Normally the cultures are to be divided 
after a growth period of 4 to 6 weeks 
and transferred to fresh medium {sub¬ 
culture). Storing of cultures at lower 
temperatures ll to 9‘’C) cuts down the 
labour and cost of in vitro mainte¬ 
nance. Strawberry plants stored for 6 
years at 4''C without a subculture were 
fully viable. At low temperatures, the 
metabolism of the plant is slowed down 
considerably, thus, reducing the need 
of replenishing the medium. Theoretic¬ 
ally, the plants can be stored indefinite¬ 
ly if their metabolism can be complete¬ 
ly stopped. This is being approached by 
preserving small shoot-tips and 
embryos at the super low temperatures 
(-196^0 of liquid nitrogen. Numerous 
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workers have shown Vhat cultured 
plant cells and organs do not lose their 
viability and capability to produce 
plants (totipotentiality), when freeze* 
preserved at the temperature of liquid 
nitrogen. Prairie Regional Laboratory, 
NRC, Canada, was able to maintain' 
shoot-tips of strawberry and pea at 
- 196“C for two years which on recul¬ 
turing grew into full plants. Attempts 
are being made to develop simplified' 
routine procedures for freeze preserve*' 
tion of cell lines and organs. At the,^ 
International Potato Centre in Peru,”! 
shoot-tip culture is being used to' 
maintain a part of the germplazni' 
collection. 

The method of aseptic multiplication 
of plants is no mure an academic 
exercise. In the Western world it has 
already reached the industry and is 
becoming increasingly popular due to 
its multifarous advantages. The impact 
of these* developments is 
already felt in India and several Gov¬ 
ernment institutions are engaged in 
developing methods for the propaga¬ 
tion of indigenous crop plants. Notable 
among these research centres are 
Bhabha Atomic Research Centre (Bom¬ 
bay), Indian Agricultural Research In¬ 
stitute (lAKl), (Delhi), Indian Institute 
of Science (Bangalore), National Bota¬ 
nical Research Institute (Lucknow), 
and National Chemical Laboratory 
(Pune). India with its vast and varied 
flora is in a unique position to exploit 
this technique of in vitro propagation 
to its economic advantages, by microp- 
ropagating a variety of orchids and 
other ornamental plants commercially. 

The Department of Knvironment. 
Government of India is seriously con¬ 
sidering application of aseptic methods 
for the multiplication and conservation 
of endangered economically important 
plant species of India. 

Vibha Dhawan t\ involved m developing aseptic 
methods ot propagation for indigenous tree 
species lor her Ph D programme. 

Dr. Rhojumni u a research associate m the U.G.C 
Centre of Advanced Study m Rotany, University 
of Delhi. He has been working in the Reid of 
plant tissue culture since 1964. 
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What does the future 
have in store 
for our children? 

JnjP^HE THEME selected for the World Health Day. 1984, 
I Children's Health—Tomorrow’s Wealth. Each year 
I since 1950, an important issue of public health has 

I A been highlif^hted hy the World Health Organisation 
""(WHO) to mark the World Health Day, 7 April, the date when 
• the who's constitution came into force in 1948. The theme 
^ js an apt choice for it is high time that we seriously 
/' re-examine our health-care model and start giving to our 
; children and their health the attention that they deserve. 

' Any nation which neglects them does so at its own peril. 
To address ourselves to this problem is a difficult task, 
more so in India and in other Third World countries which 
foce problems of overpopulation and poverty and the 
; consequent malnutrition and child abuse. Often children 
! have to work to support their families or look after their 
younger brothers and sisters. These children form a 
• significant proportion of our population, all living below the 
, poverty line. 

^ In India, the infant mortality rate (for children up to one 
j' year) has ranged between 120 and 130 per thousand for the 
\ last 30 years. Pregnancy and child birth is not always a 
happy event. The mortality rates of the newborns (from the 
*' first day of being born to a one month baby) in the rural 
I areas where 80 per cent of children are born, is 76 per 1000 ; 

. in urban areas it is 34.7 per 1,000. Mortality during the first 
"' four weeks of life constitutes more than 50 to 60 per cent of 
I the total infant mortality. It is also known that almost 30 
per cent of infants born are low birth weight’ babies and 
( these infants contribute to over 60 per cent of infant deaths. 

' A new born’s weight at birth is a legacy for its health in 
i infancy and childhood. 

These figures speak for themselves. The state of the 
: health and care of children is dismal indeed. And a similar 
’ situation is known to prevail in several other underde¬ 
veloped countries which today constitute two-thirds of the 
, world population. The main reasons for this child wastage 
are poor nutrition and anaemia of the mother, especially 
^ during pregnancy, failure to protect the mother and the 
newborn against tetanus (a bacterial disease marked by 
; tonic spasm of voluntary muscles), and other infectious 
; diseases, poor care at deliverv and in the po.strnatal period. 

I poor nutrition of the child and a failure to prevent 
V infections aflci birth. 

Theie are ilose interlinks between the mother, child, 
j society and social development. Hence, the focus on 
^ child-health is not to be viewed in isolation- -it is a 
' developmental issue for a nation, in fact, for the whole 
world The input lor child health is to be viewed in the 
• context of an improved social development. 

Care at all levels 

Care of a bahv start"* much before it is born or even 
before it is conceived TIk mother must be physically and 
mentally mature to hear the baby and the accompanying 
' responsibilities of tending it well. The babies, two or three, 
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should be well spaced out with an ideal gap of two to three 
years between the children. This time period enables the 
mother to regain her lost strength and the children can 
more or less grow together and be company for each other. 
Needless to .say, a mother should be well cared for during 
pregnancy, she must be on a well-balanced, nutritious diet, 
with special attention to avoiding anaemia, so common 
among Indian mothers. Active but not over-strained, an 
expectant mother should include occasional rest in her 
daily routine. Of course, this is far from true in many ca.ses 
in India. Even today, there are numerous instance.s of 
young girls aged five or .so, or even newborns being married 
off and bearing children immediately after puberty. They 
often work 12 hours a day. in fields, factories or at 
construction sites, with little time to look after their babies, 
born or unborn. All this happens in spite of the laws 
forbidding child marriage, etc. 

The foundations fur adult health are laid in childhood 
and adolescence. Any damage to the foetus antenatally or 
during delivery or postnatally may lead to a mentally or 
physically damaged baby. A child once born should he well 
cared for and its physical needs satisfied. It should be 
adequately protected from different infectious diseases. All 
over ihe world there are frequent cases of child abuse and 
neglect. 

In India, the problems are mainly of malnutrition and 
infectious diseases. Of the infections, diarrhoeal diseases 
and respiratory mtections, including tuberculosis, are the 
ir'iin culprits The term ‘nutritionally battered child' is u.sed 
for victims of severe kwashiorkar (a tropical disease due to 
insufficient proteins in the diet), xerophthalmia (vitamin A 
deficiency) and rickets. These diseases pose serious prob¬ 
lems as they cause permanent disabilities or deformities in 
children. About 40,000 children go blind each year due to 
xerophthalmia. The role of emotional neglect in the 
etiology of kwashiorkar is also worth considering, since it 
starts with failure to breasWeed and later intensifies with 
unsatisfactory weaning. 






of a solution of potable water containing sugar and sail in 
2:1 proportion will also prevent dehydration. 

Other infectious diseases like diphtheria, poliomyelitis, 
measles, tuberculosis and whooping cough (pertussis) 
which kill or maim children can be prevented by an effective 
immunisation programme. This brings into focus the 
nece.ssity of a well-geared primary health care system in a 
community. Unfortunately, many Indian mothers are still 
Ignorant about the beneficence of immunisation. More 
seriously, adequate immunisation facilities are often not 
available to many children in villages. Here mention must 
be made of the National Kxpanded Programme on Immun¬ 
isation iKPi) undertaken by the Government of Tunisia, 
Africa. The achievements are noteworthy—since its incep¬ 
tion in 1978, over 80 per cent of the children have received 
BCG and 60 per cent have received the full dose of both 
DPT, (diphtheria, pertussis and tetanus) and polio immun¬ 
isations in 1979. Statistics reveal that the EPI is already 
making an impact on mortality and morbidity among the 
young population in Tunisia. 


Psychological development 

For the overall healthy development of a child, we 
should not overlook its p.sychological and social needs. 
Ix)ve, understanding and encouragement .stimulate the 
healthy development of a child. This pmce.s.s .starts right at 
birth when the molhci breast-feeds her baby. fSreast 
feeding, of course has an added advantage of conferring 
immunilv (o the bah* against infectiou.s di.sea.ses, as the 
mother's antibodies are passed on to (he baby through its 
milk. The practice of .separation <»(' the baby from its mother 
immediately after birth, suppo.sediv to give rest to the 
mother and to protect the baby tiom mfection.s, is also 
being questioned more and more by expert.s from the 
viewpoint of the p.sychological development of the baby. 
These quarters advocate close interaction between the 
mother and the baby right from its birth. 

Play IS also e.ssential for normal development and is a 
basic right of every child, whatever its social or economic 
status may be. Fostering of play is the latest approach being 

on page 76 


SCIENCE 





Inhoduclrra the S/40 
Deskibp Computer. 
To know how good it is, 
take a took at its roots. 



When someone announces a new 
computer the best thing to do is to take a 
good look of who's doing the announcing 
Check their buckgrouria 
Chock their facilitios 
Check their eKporience 
Chock their philosophy 
In fact this Is exactly what 
companies like Asian Pninrs, Sandoz 
Blow Piast and many others did 
before placing orders for their large 
computer systems 

And they sekx:tod l[)M 
IDM 1 

The f’.omrjonv with the exporienc c 
kix>w how and a national custornei suptx irt 
network to txick ttie range of computers i' 
makos and markets 

In other words the company ttiats 
cornmitfvt io making computers work for 
you 

This IS the company ttiats now 
introducing a now Pesk lop Conipuler 


Th» IDIM S /40 


An inctopondont frxiiu'e Pijl kcxi singU^ 
user systern 


i . Con be linked to a larger systorn 
Humean engineerod with a <iwi\/el A Tilt 
scif'en to suit ynui conver’»ieix,e 
Has a variety of applications software for 
you to uso tiK.' systwm -ffeclively 
Can ho usLXt very etfixrtiwjly ns a Wora 
I’rocossor 

lor small organisoluans l-or tiranrtaes 
unu Oepols of large ora* rnisations rur 
Professionals like lawyers T'oetors 
Consulfonts and Accountcints Chief 
t-xecutivos wl>o nefKt up to date 
informatmn at their fingertips 

In St tort never has a c umpu|f>r 
nfferod so much te vi numy lor litlm 

fi)r mi MO rii laiK plense cxilix t your 
neorest IfiM office al fk'imlxiv I cl ?0?<M)20 

\ nolt)i lei 7^611 ( alciillci I el 44>1HJ1 
Miidrns ftji 8V381 AtimecJubaJ 
Tel 4fj(Jrt8n Bantjalurf' 

^ orwriti'lu 


I INTERNATIONAL DATA 
f MANAGEMENT PVT LTD.. 

C'-jfed f\) jl Sir M VnsLirii: RixiiJ 
He )mr.av 4(1(1 (i7.> 


Anyone can sell you a computer. 
We give you solutions, 


iLVC.'f 


Coiirsci lOM 711 
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P. K. Iyengar is BARC director 


- r\R. P. K. IYENGAR 

JL/has been appointed 
Director of the Bhabha 
Atomic Research Centre 
i in Bombay. Till now the 
director of the Physics 
- A and Chemical Groups of 
the Centre, he succeeds 
Dr. Raja Ramanna, who 
earlier took over as the 
Chairman of the Atomic 
Energy Commission. 
Acknowledged as one of the leading 
nuclear physicists, Dr. Iyengar started his 
research career in 1952 in the Tata Institute 
of Fundamental Research and later moved 
to the BARC (both institutes at that time 
being under Ihe Alomic Energy Comrnis- 
siniil Incidentally, he vva.s Dr Ramanna s 
first student for Pli D, which he obtained 
frr)rn Bornbav University 
Dr Ivengai had played a crucial role in 
designing the Purnmiii (Plutonium Reactor 
lor Ncutronit Investigations in Multiplying 


Assemblies) reactor in 1972, a forerunner of 
the Pulsed Fast Breeder Test Reactor now 
reaching completion at Kalpakkam. Mad¬ 
ras, and later in the atomic device exploded 
in Pokhran in 1974. His work on neutron 
scattering is widely known, and .several of 
the innovations he made in neutron scatter¬ 
ing techniques are now u.sed all over the 
world. 

Dr. Iyengar received the Shanti Swarup 
Bhatnagar Award for re.scarch in physical 
.sciences m 1971. 

Hari Om Ashram awards 

The following are the recipients of the 
Han Om Ashram Dr. Vikram Sarahhai 
Re.search awards for J983: 

Dr. S. K. Gupta of the Physical Research 
Laboratoi'y, Ahmedabad. and Mr. S M Rao‘ 
of t|ie Bhabha Atomic Research Centre. 
Tromhay. share the pnze for re.search m 
atmospheric physics and hydrology. The 
other award winners are Prof. Biswanath 
Chdtterji of the Indian Institute of Technol¬ 


ogy, Kharagpur, for research in electronics 
and telecommunications, and Mr P. S. 
Goel ol the isko Satellite Centre, Bangalore. 

The awards, endowed hy the Hari Om 
Ashram. Nadiad. are made bi-annuaily for 
work in electronics and telecommunica¬ 
tion, planetary and space .science.s. atmos¬ 
pheric physics and hydrology and systems 
analysis and management problems. 

Kalinga Prize 

Dr. Osaldo Frota-Pa.s.soa from Brazil and 
Prof. Abdullah al-Muti Sharafuddin from 
Bangla Desh have been awarded the Kalinga 
Pnze for science writing for 1982 and 1983, 
respectively 

M. N. Parikh 

Dr. Mahcndra N. Parikh, honorary pro¬ 
fessor ot ohstelrics and gynaecology at the 
Seth Cl. S. Medical College. Bombay, has 
been elected president n| the Federation of 
Obstetric and (ivnaecological Societies of 
India for 1984-85 
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ENTER RNA - THE NEW ENZYME 


M ost biological reactions occur at the 
body temperature of 37 C or ncarab 
•euts In order for the reaction!i to occur 
efficiently, they need to be catalysed rights 
Right. And these catalysts are called en< 
gymes, rights Right And all these enzymes 
are proteins, rights Well not so right any 
longer' That rna (ribonucleic acid) can act 
as a biological catalyst has now been 
reported by Dr S Altman and his group at 
the Department of Biology. Yale University, 
Connecticut. USA in two papers {Science, 
>23 285 and Ce/I, 35 849) With this 
demonstration of the intrinsic 'enzymatic' 
activity of RNA. the dogma that only 
proteins can catalyse biological reactions in 
'the cell has to be discarded 

When a cell biosynthesises a protein, tHe 
message is first transcribed from the 
genome as a messenger rna which reaches 
the ribosome, the site where the actual 
protein synthesis occurs Besides this speci- 
Rc transfer rna (t rna) molecules are also 
transcribed from the gene The role of each 
t-RNA molecule is to couple with a specific 
ammo acid and transport it to the ribosom- 
al site At the ribosome, appropriate align¬ 
ment of each of these amino acid carrying 
t^RNA occurs by triplet base-pairing (the 
codon-anticodon recognition) with the 
messenger rna sequence, and the ammo 
acids that are coupled to each t rna are 
sequentially aligned, peptide bond forma¬ 
tion occurs and the protein chain is thereby 
synthesised 

All these t-RNA molecules are first trans 
cribed from the genome as larger precur¬ 
sors that are later enzymatically processed. 
i.e, a part of the molecule is chopped off. to 
produce mature t rna molecules that are 
functionally active Thi.. processing of the 
precursor t rna is catalysed by the subst¬ 
ance termed r>bonuclease P. which contains 
five times rna to protein by weight It is this 
reaction that Dr Altman had been studying 
for about ten years, and during this study 
the suspicion grew that the rna component 
of ribonuclease P might he the catalyst tor 
the processing reaction In their consum 
mate paper that appeared in Cell, Altman 
and coworkets have fractionated ribonuc- 
Icase P and isolated its rna and protein 
components The> established that the 
isolated rna indetd catalyses the reaction 
while the pure protein component does not 
In another experiment, they isolated 
ribonuclease P from two microbial sources, 
E coll and B ^ubtilis and fractionated 
them into their rna and protein compo- 
/nents, and then recombined them as mixed 
or heterogenous complexes, i e E coli rna 


+ B, subtilis protein, and vice versa Such 
heterogenously constituted ribonuclease P 
particles were seen to catalyse t-RNA precur¬ 
sor processing as well, particularly at high 
concentrations (0 06 molar) of added mag¬ 
nesium ions During this experiment, it was 
discovered that at high magnesium concen¬ 
trations, just the R^iA component alone 
would catalyse the reaction! 

But does the catalytic activity arise really 
due to RNA alone or due to some protein 
contamination^ This nagging doubt was set 
at rest in the Science paper, where the 
authors prepared the rna by in vitro trans¬ 
cription of the corresponding genome and 
studied its processing efficiency towards the 
precursor of tyrosine t-RNA This not only 
obviated the possibility of protein contami¬ 
nation but also showed the inherent cataly¬ 
tic ability of the transcribed rna molecule, 
establishing thereby that biological cataly¬ 
sis can occur by rna as well. 

As often happens in science, once the 
mental barrier about a dogma is broken, 
rationalisations and extensions of the dis 
covery and the idea abound Will other 
instances of catalysis by rna be founds The 
likely candidates appear to be the protein- 
rna complexes of the ribosome itself, the 
nbonucleoprotein (RNP) particles in the 
nucleus, cytoplasm, the rnp particle that 
recognises the "signal" sequences in pro¬ 
teins that have to be transported from the 
ribosome to the cellular exterior, and 
several small rnas whose roles are at 
present unclear There is also a Russian 
report of an RNA-containing enzyme that 
modifies the sugar amylose If this were to 
be an inherently rna catalysed reaction, it 
would be the first example of an rna 
catalysing a reaction on a non-RNA subs¬ 
trate And of course, could rna have played a 


catalytic role during biological evolution 
and thus save us the paradox of which came 
first, protein or nucleic acid^ 

What might cause the catalytic property 
of rna^ Interestingly, this might be related 
to the highly flexible and *'globuIar-type" 
chain architecture that rna can adopt in 
solution. Such a folded form would be able 
to provide crevices and pockets, namely « 
binding and catalytic surfaces with approp¬ 
riately juxtaposed charged phosphate 
groups, reminiscent of protein catalytic 
surfaces The requirement of magnesium 
ions in the catalytic activity of rna is in 
accord with this structure-function idea 
and also suggests that even small rna 
sequences, natural or chemically synthe¬ 
sised, might be catalyticaily active in salt- 
containing media the added salt might 
reorganise the secondary and tertiary struc¬ 
ture of the rna into appropriate and specific 
forms suitable for binding and catalysis 
Such a flexibility does not appear to be 
possible, at least at first glance in the 
double helical molecules of dna which tend 
to be rodlike and not so flexible, and thus 
rather prosaic in this context However, 
some polysaccharides and lipopolysacchar- 
ides might turn out to be catalyticaily 
interesting, particularly since polysacchar¬ 
ides of the cell surface do have 'binding and 
recognition' sites But would some of them 
have catalytic sites, particularly those con¬ 
taining ionic and polar groups such as 
sulphate or amide^ Do not be surprised if 
somebody shows soon enough that polysac¬ 
charides are biocatalysts too 

D. Balasubramanian 

Professor Balasubramanian is with the Centre 
for Cellular and Molecular Biology m Campus, 
Hyderabad 500 007 


Inter-dependence among plant species 


M ost plant species in natural vegeta 
tion as well as under cultivation aie 
infected with fungi that grow in and around 
the roots Such fungi are known as mycor- 
rhiza a name derived from the Greek words 
for tungus and root These associations are 
widely accepted as a part of normal plant 
growth and also regarded as beneficial for 
plants in obtaining nutrients from soil, 
especially in poor soils In the most com¬ 
mon type of mycorrhiza, the fungal fila¬ 
ments grow between the root cells and 
produce specialised, bush-like, branched 
structures known as arbuscules inside the 


cells They also produce vesicules outside 
the cells This group of mycorrhiza are 
known as vesicular-arbuscular mycorrhiza 
In plant communities such mycorrhiza 
make underground connections between 
the neighbouring plants of the same, as well 
as different species It has been reported 
previously that such mycorrhizal connec¬ 
tions provide a channel for inter-plant 
transfer of carbon and phosphorus. Howev¬ 
er, experimental evidences were not 
equivocal, and the observations could also 
be attributed to leakage into soil ftom 
'donor' roots and subsequent uptake by the 
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Ch$efy inttrtwlned roots of Plantago 
aj^ifFcstuca rw. They srf distinguished oh 
thebltsis of their siMo^n roots being more 
r^ttst tium those of Fit 


roots of 'receiver’ plants. Now Dr. R. 
Francis and D. J. Read of the University of 
Sheffield (Nature, 307 53) clearly demons¬ 
trate the movement of carbon between the 
'donor* and ‘receiver’ plant species through 
the mycorrhizal connections. They further 
show that the magnitude of transfer follows 
the well known 'source-sink' relationship. 

The Sheffield i^otanists have demons¬ 
trated this by using a radioisotope of carbon 
(’^C). A dicot^PJantago lanceolata and a 
grass species Festuca ovinia respectively, 
were used as the ‘donor' and ‘receiver’ 
plants. The two species were grown 
together in partially sterilised sand under 
two different experimental conditions. In 
one set there was no mycorrhiza while the 
other was inoculated with mycorrhiza. Six 
week» later when the mycorrhiza was well 
established in the inoculated set, shoots of 
the Plantago (donor) plants were exposed to 
’^C02 for two days in both sets. Roots were 
carefully separated from soil and examined. 
The roots of the two species used are 
distinct and can be easily identified by tKeir 
thickness. 

In both sets, roots of the two species were 
seen in close physical contact. Later auto¬ 
radiographs (images produced on X-ray 
films by radioactive materials^ were pre 
pared from the. same samples. As expected, 
roots of the ‘donor’ species produced dark 
images in both sets. 'There was no trace of 
'*C in the roots of Festuca from the 
non-mycorrhizal set, indicating thereby 
that though the roots of the two species 
were in close contact, there was no uptake 
of carbon. In the set inoculated with 
niycorrhiza, roots of both the ‘donor’ as 
Well as the ‘receiver’ species showed the 
presence of They also show in the 
inyGoithieaJ connections between the roots 



Computing with photons! 


Roots o/Plantago and Festuca in a specific 
(a) and Reid (b) inoeuium system. Root 
hairs and the interconnecting endophyte 
myeeiium f£W> form dose interconnections 

of the two species. 

The authors have also quantitatively 
estimated the amount of in the ‘receiver’ 
species by scintillation counting (a sensi¬ 
tive. quantitative method of estimating the 
amount of radioactivity). Further, the ‘re¬ 
ceiver' plants were partially or fully shaded 
to reduce their own photosynthesis (carbon 
fixation). In mycorrhizal plants, a signifi¬ 
cantly higher amount of radioactivity was 
detected in the roots of the ‘receiver’ plant 
in comparison to the non-mycorrhizal 
plants. The amount of was further 
enhanced in ‘receiver’ plants grown in 
reduced light or in the dark. The ‘receiver’ 
plants showed 0.1 per cent of the labelled 
carbon of the ‘donor’ species. 

The results reported establish that plants 
in natural vegetation connected to each 
other by underground mycorrhizal connec¬ 
tions are inter-dependent for carbon assimi¬ 
lates. And, the inter-plant movement of 
carbon is governed by the differences 
caused by illumination. As the authors 
point out, long term studies are needed to 
obtain quantitative estimates of the carbon 
assimilates actually transferred during the 
life-^span. It is implied that mycorrhizal 
infection in the early growth may be an 
advantage but at later stages they could be a 
drain on plants’ carbon resources. The 
paper shows the complexity of the relation¬ 
ships between plants in a community and 
by analogy in the mixed cropping practised 
in many parts of the world. The paper also 
illustrates how relatively simple experi¬ 
ments can provide new, useful information 
when the right kind of questions are asked. 

C« R» Bhatla 

Dr, Bhatia heads the Mutation Breeding Section 
of the Biologif and Agriculture Division, BARC, 


A COMPUTER, based on light signals 
rather than on electric currents may 
well become a reality in the near future. 
What is even more exciting is the possibility . 
that the optical counterpart of the electro* 
nic computer will be a thousand times 
faster. 

The crucial component of a digital com- 
puter IS the switch that can represent the.' 
values of 0 (off) and 1 (on), and the speed of 
a computer is limited partly by the switch* , 
ing time or the time it takes to go from one 1 
state to another. In an electronic computer, ^ 
transistors are the switches and the fastest,-'; 
transistor now in u.se can flip in about a'\ 
billionth of a second (nanosecond). i 
The optical analogue of an electroitie - 
transistor, called transphasor, is a relatively . 
new concept in computer technology. This ] 
optical switch is, in fact, a combination of a' -j 
semiconducting crystal and two laser 
beams. The off and on states of this device. ; 
correspond to a sharp loss or gain in the 
intensity of the light transmitted by the j 
crystal. Interestingly, the optical switch i$ 
found to flip in about a picosecond—a ^ 
thousand times faster tlian the transistor. '] 
The optical switch is essentially a Fabry- 
Perot interferometer, having an optically 
bistable material in the cavity (the refrac- ' 
tive index of such a material varies with the ' 
intensity of light failing on it). The two laser 
beams are focused on the front end of the * 
interferometer. One of them is strong and ; 
unvarying whereas the other is weaker and 
can be modulated. Due to the steepness in, 
the transmission curve even small changes 
in the probe can result in large changes in 
the transmitted intensity. 

Prof. S. D. Smith of Heriot-Watt Univer¬ 
sity, Edinburgh, who has done pioneering 
work in the areas of optical bistability and 
optical logic gates, says, however, that only ' 
general statements can be made about the 
form an optical computer may take {Nature 
307 315). Apart from its inherent speed the 
optical computer may offer other advan- ^ 
tages ^ 00 . for example, in communication : 
with light beam.s where thousands of chan- ; 
nels can he carried without interference. 

The first European conference to be 
hosted by the Royal Society on 21 and 22 
March, to discuss exclusively optical bista- ' 
bility and photonic logic will probably tell 
us how close we are to an optical computer. , 

Indira Murthy , 

Dr. Murthy is on the editorial staff of SCIENCE ’ 
TODAY. 
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And down wcnf^mt/ umiefSol/and started a worm farm 
e.e. Cummings 
Sohody Loses all the Time 


T HK ‘ wejrrn Kirm " that cummings 
celebrates is no poetic fantasy ot 
failure. Woim fainiing is a lucra¬ 
tive busmevs All over the world, 
researchers are rediscovering the vir¬ 
tues of the worm, both as the tradition¬ 
al “friend of the tarmer" and as a 
valuable source ol meat—nut just for 
animals hut for humans, too’ 
Welcome the worm. Move over pig. 
It's the latest entrant in mankind's 
menagerie of domestic animals. Worms 
are valued as waste-proce.ssors. They 
convert unpleasant animal slurries into 
compost and are themselves a rich 
source of protein. Putting worms to 
work, makes sound sense in the.se 
“Limits to Karth". ecology-conscious 
days. We shall examine the non- 
controveisial u.se of w^rms first 
Researchers all over the world have 
only recently begun to rediscover the 
earthworm's role in soil fertility. They 
have found that introducing ear¬ 
thworms into the soil can boost crop 
yields. Wheat yields can double, grass 
yields quadniple and cotton yields mul¬ 
tiply fivefold 

Soils without earthworms usuallv 
become den.se and compact, thus dis¬ 
couraging plant growth But soils iich 
in earthworms remain loo.se, giving the 
soil a miu h better capacity to retain an 
and water (earthworms mlrcKluced 
into a test plot for a month increased 
the rate at which the soil could absorb 
water b\ .{' 1(1 per cent) The ear- 
tlworm’s lon.slant burrowing, mixing 
and digesling turn organic wa.ste mtr) 
fertiliser and garbage into soil nut¬ 
rients. 


The excrernenl or “castings' of ear- 
’> thwoims. whkh consists largely or 
' digested s^nl and particles of organic 
{ matter, is more chemicallv neutral 
than the .surrounding s»)il So by con 
\ summg soil, processing it. and excrel- 
. ing the remainder as castings, suffi- 
: cient numbers ot earthworms help 
^ keep d Held closer to the neutral pH 
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range. Soil that is exce.ssively acidic or 
alkaline can inhibit the growth ot 
vegetation--and micro-flora 

Earthworms also tran.sport minerals 
and subsoil compounds from deep in 
the .soil, where they can languish 
beyond the reach of shallow root sys¬ 
tems. to an area near the .soil's surface. 
During the piocess ihe eaithworms 
often transform the,se compounds into 
nutrients that plants can use much 
more readily. Chemical analvsis of 
earthworm ca.stmgs shows that they 
can contain upto two times as much 
available phosphorus and eleven times 
as much available pota.ssium as the 
.surrounding soil. 

The pa.ssage of .soil through the 
earthworm’s gullet also greatly prom¬ 
otes bacterial growth. In particular, 
actinomycetes, bacteria that create 
humus, thrive in the presence of ear¬ 
thworms The actinomycetes contents 
in the castings is six to .seven times 
greater than in the original .soil 

Through their constant burrowing, 
mixing and dige.sting, earthworms sig¬ 
nificantly improve the composition of 
the .soil. It IS oh.serx'ed that only after 
three days of earthworm action, test 
smlbeds had ovt*r larger aggie- 

gates—clumps ol silt, clav and sand 
particle -whkh form in the ear^ 
thwoims gut: tlie^e aggregates au* rffr 
essential tomponeiil of produclive soil 
whuh iemain> well aerated and resisls 
ero>ion 

The improved soil structures 
hrouglit ab(Hit by earthworms help 
plants develop longer and more penet¬ 
rating roots Dr J A Van Rhee, a 
Dutch researcher, has found that in 
orchards "trees that had earthworms 
placed around them giew heavier root 
systems than did tree in soils without 
worms'. 

Becau.se ot the earthworm’s abilitv to 
create fertile soil, naturally productive 
areas are often found to teem with 
earthworms. Dr. Heiberg a researcher 



at the New York State College of 
Forestry writes that “m good loresl 
mull behveen 2.5 and 7^ million ear- ’ 
thworms .ue found pei hectare 
weighing about one ton. Iheir castings 
may amount to 'J7 tons per hectare per 
year. There is no doubi, that ear 
thworms, are the most beneficial anim 
als m forestry" Dr. Zrazhevskii, a 
Soviet forestry’ researclier. ha.s rcpoiled 
that earthworms in hiresl .soil irkrease 
the growth ot 2-year oak seedlings by 
26 per cent and of gieen ash .seedlings 
bv S7 pel cent. 

When organic wastes from human 
coiLsumplioriimixed with .sewer \ 
sludge and animal manure, the ear- 
thworrns can really gel down to work 
In <H)fe California experinumt, kg 
(»f rtodegradabic refuse (alter removal 
by hand of 820 kg of nonbiodegradable 
refuse), composed to materials ranging 
from phone direclories in grass clip 
pings, were .^>0 per cent consumed in 38 
days and 80 per cent consumed m 68 
days. 

T(»day over 90,000 earthworm ran¬ 
chers are raising and .selling eai- 
thworflri.s in the Dniled States. 
Thousands of families are profiting 
from the envinmmentally beneficial 
activities of improving .soil, breaking 
down wastes, producing valuable cast¬ 
ings. and increasing the total hioma.^ss 
of earthworms capable ot working for 
humankind. 








































Kecenlly several larj^e scale applica¬ 
tions of earthworm compost inj* have 
begun operating in the United Stales, 


I Canada and Japan as a supplement lo 
solid-waste processing systems 
The first commercial annelidic or 
earthworm consumplicm facililv was 
established in Canada in 1970 and is 
currently processing about 75 tons per 
week of biodegradable lefuse. There are 
now in Japan four such annelidic 
consumption facilities processing ab¬ 
out 10 tons per day priiKipallv for 
specialised manufacturing wastes. 

l)r. Caddie. President of Ncirth 
American Bait Farm is so convinced 
about Its economics and potential lor 
considerable growth in the tuture that 
his company has begun developing an 
earthworm-composLing plant that 
could process refuse for a city ot upto a 
million people, lie menlirrns. 

“A 200-ton-per-dav facility would 
require less than 100 acres of land to 
operate (land which would never fill 
up, as in conventional land 'ill opera¬ 
tions) and (such) a facility could he 
established fdr less than So.on.OOO 
including land, equipment and starting 
stock of earthworms. Since the ear¬ 
thworms do virtually all of the work of 
continually turning and aerating the 
refuse, the only energy consumed in 
laying down the refuse, originally and 
picking up the castings, and in provid¬ 
ing perimeter lighting for the worm 
rows/’ 


Now consider the worm in its most 
controversial role: as man’s meat. 
Woims. whether eaten as wonlon soup 
or vermicelli (pun intended) are dou¬ 
bly repugnant to tho.se brought up in 
centuries-old vegetarian traditions. 
Even those accustomed to such exotic 
non-vegetarian fare as sturgeon eggs 
(caviar) and birds’ nest soup turn green 
at the thought of worms for breakfast, 
lunch or dinner. 

But promoters of worm meat ask 
with impeccable logic: if you can eat a 
pig, whv not a worm’ After all the 
birds, hotli early and late ones, have 
been doing it for years. But opponents 
.sav men are not birds. Neither are 
women (whatever Eric PartriJf^es Die- 
tionaty of Slang mav tell you). And 
thereby hangs a tale. 

Before we turn to tire arguments for 
including worms on our menu we must 
realise that sheer expediency and 
reason alone are unlikely lo clinch the 
i.ssue. Were that .so, much of the 
v,;orId’.s food shortages could easily be 
fwercome, so vast is the variety of food 
forms available to man. From the tiny 
one-celled algae and bacteria lo crea¬ 
tures like cockroaches, locusts and 
gargantuan whales, all is grist to man’s 
null Bui as food forecasters and food 
technologists point out. what is avail¬ 
able (and good for yi)u) is nf)( alwavs 
eaten. 

A “vegetarian” example illusliates 
this point better mankind has an 
estimated XO.OOO species of edible 
plants at it.s command. But we have 
historically used no nK^re than 3,0(10 
for f»)od Furthermore, 95 per cent of 
all calories anJ pn^teins consumed 
Lome from just 30 species. 

This concentration on so few 
varieties is both unwise and dangerous, 
wain some botanists However, the 
“problems” of substituting say. an avo¬ 
cado with amaranth, are insignificant 
when compared to the problem of 
replacing hamburgers with wormhur- 
gers. The cultural prejudices involved 
are con.siderahle (some experts sav. 
in.surmountable). 

Despite all the squeamishness, 
however, several contests for recipes 


using earthworms have been held in 
Canada and the CS. Indeed the Philip¬ 
pine Earthworm Centre “strongly re¬ 
commends" spaghetti a la worms and 
wonton (dumplings) made up from 
worm mince. “Even if you don’t eat the j 
worms there is still money in them, j 
Don’t let the opportunity wriggle out of : 
your hand," says Wenceslao Winsons j 
Tan, owner of the only earthworm ; 
farm, “Wormery World," in San Juan, 
Manila. Tan’s work with worms is ■ 
attracting a lot of attention from far- ' 
mers and importers particularly from ^, 
Japan, Thailand and Cuba. .] 

More important, worm meat ha# 
higher levels of “essential amino \ 
acids ” -protein building blocks which 
the bodies of some animals (including 
man) cannot make themselves and so 
must get from their diet. Two examples 
will suffice: the amount of arginine in 
worm meat .proteins is double that of 
peanut protein’s and three times the 
percentage in anchovies. Similarly, 
tryptophane comprises 4.41 per cent of 
earthworm protein, making it four 
times as plentiful as in blood meal 
protein and seven times as much in 
protein from beef liver. 

Millions of worms sleep soundly in 
4.000 boxes measuring 2 ft by 1V& ft in 
Tan’s dimly-lit warehouse from where 
he wants to saturate the Philippines 
with the creatures. A ready-made kit 
consisting of certified (oh yes') prime 
red earthworm breeders plus the know¬ 
how lo technology is sold at P750 (less 
than US $100) to anyone who warts to 
raise earthworms for livestock con¬ 
sumption or foi export. 

Tan claims he has no strings 
attached in departing with his own 
hard-earned technology except that he 
requires the breeders to .sell the prop¬ 
agated worms back to him to market 
overseas. The probh*m is that no one 
wants to .sell to him because Filipino 
farmers and livestock raisers have disc¬ 
overed earthwoims can be a useful 
product, they can u.se themselves. 

Apart trom being used as feed for 
fish, hogs, poultry or dogs and cats, 
worms are still used as medicines and 
tertilisers. They are also useful in waste 
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Sons of the soil 

I N th^ search tor a fortune from worms, India is not far behind. At a Biotechnology 
Department at Ambarnath. Bombay, work continues on various aspects of 
earthworm farming siich as the development of ^icient earthworm strains, their 
genotype environment and oh utilising them as '4m tractors”, fertiliser, and on 
feeding trials to fishes and ducks. In fine, the best meBiod of using the worms. There are 
four earthworm boxes of 1.2 x .75 x .35 mt filled Up with a mixture of dry grass weeds^ 
compost, cow dung and soil in 10 : 20 ; 30 ; 40 proportion. Cultures of earthworm 
procured from local sources are inoculated. To accelerate growth horse gram powder is 
sprinkled at 50 gms peir week. To prevent the escape of tiny worms the box is lined with 
waste polythene sheets. So, far two strains have be^,tourid suitable to our environment 
the red worm Lumbricus rubeflus and the manure worih HeMrilus fbetida. In each of 
these culture bank more than 10,000 earthworms are constantly at their work. Our 
experiments prove that they double in number every four-five days. Experiments also 
proved that foliage of leucdena plantations increasedat least one and half times in a plot 
"fertilized” with handful of earthworms at the base of each plant, relative to a control 
plot. ‘ ^ ' 

Therefore^ earthworms are introduced now['in various plots to optimise the 
biomass groiMH. Their introduction in the compost'Bin irbsulted in the acceleration of 
composting i^ce.ss too. 

Trials also continue^ on using earthworms as feed, for monoculture as well as 
polycuUure systems of Tilapia and Carps with respect to control. Likewise their addition 
at 15 per cent level in ducks’ diet eveiyday was found ben^icial in egg laying capacity. 

There W|a 25 per cent weight increase of THapla in a monoculture system 1^ 
adding eafthworm meal at 40 per cent level relative to Control batch in 4 months period. 
Experiments on the polyculture system of Carps and Tilapias at 20-40 per cent level of 
earthworm meal continue in the plastic pool apd pohd with respect to control. 

All these studies will reveal the. important data which are later to be translated on a 
fairly large scale for our energy plantations pri^amme. S.G. 


compostinj^ since they cmI virludllv any 
organic garbage And the Japanese have 
thoiighl of a ivpuallv lapane.se wav lo 
f U.se them - they put Ifiun in hot sake. 

allowing them In seuele a milky liquid 
: and then dunk the potent blew. They 
. con.sider it as an apfimdisiac additive to 
.sake- -Ifieir ud wine 
■ ' VerniKullLire came to 'Ian a deu'ide 
\ ago by accidc nl. I le was asked and later 
-it^'pe.slered by the Japanese, to supply 
,, them with worms loi lish and bails. He 
i- gues.sed wnims were all there for the 
picking or lather lot digging in the 
garden plot. He dug and dug and dug 
^ and to his utter ania/ement found no 
‘ earthworms (»t lommeicial quantities 
for export. 

He then look to .study earthworm 
pretty seriouslv and Irom interest it 
■ betaine Iwthhv and theieafler wav ol 
livelihood 

Dried worm.s contain 7it per cent 
crude protein, higher than that of 
" fi.sh-meal (ti.'i'tu). meal 'nd bone-meal 
(SO'Jii). or .soyabean (It'o) It ha.s a 
gross energy of ii.yoil 4.lh(l calories 
,pcr kilo In Taiwin. ducks fed on 
earthworms lay per cent more eggs 
And in Philippines. Tan di.scovered that 
^earthworms uui haw grea» potential lo 
improve mushroom cultivation and as 
anil-lever antibiotits 

Altei becoming convinced ot the 
profit potential. Tan launched his ear¬ 
thworm business three \tMrs ago. 
neverlheles'>. since the idea (»l raising 
earthworm^ was repugnant to most 
people, he also organised the Kar- 
thwoim (irowers .\ssiKiation to prom 
ote the idea 

The impact or vermuulturi' is huge 
Eartlnvornis tiouhle then numbers ev 
er\' l{»u» to tivc davs Uilh vcPk' little 
invesimej'il the small entiepiencui 
could e.irn uplo. l.l.UUU Ks year 

In the paik<igi ol technology, the 
Philippine Lailfuxsiiin Centjc* distn 
biltes, the wnuM raiser gcK a box of 
'i breedei with spvs i.d leimenled hrecd- 
ings m.ide or sawdust nee husk.s and 
rice br.in. \ pamphkl How to raise 
earthworm is disMifMiUd with each kil 
and Tan sii esses he does not demand 
' royaitie.s fji obligations 

I ^ 

f.’ 
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The only catch is that the novice 
breeder must .sell his produce to him 
for export. 

Now the demand for domestic con- 
.sumplifm among Pilippine farmers has 
giown so rapidly that Tan is .still not 
ready for export husine.s.s. The home¬ 
grown earthworms are now increasing¬ 
ly being used to fted bullfrogs, cocks, 
fisfi, shrimps and eels. 

The spin off is vermi-composting. 
Since the earthworms feed on anything 
(»rganic there is hardly any costs in¬ 
volved in raising them 

According lo Ihe National Taiwan 
University. 20 million earthworms can 
liandle SO tonnes ot pulp sludge daily. 
I' rank Cai mudy. an Am- rican authority 
nn vermiculture claims that de- 
comp*>sling hv earthworms is done in 
.sewn weeks compared to seven years if 
dumped in sanitary landfill. Thereafter 
the castings of the earthworms are 
u.sed as fertiliser. They are. in fact, 
better than any organic fertiliser, cur¬ 
rently available in terms of crop yield. A 


University of Oregon study has shown 
that earthworms castings are compara¬ 
ble to some chemical fertilisers. It is 
estimated that 1.000 tonnes ot organic 
waste can be converted into 300 tons of 
organic fertiliser. Ramon Magsaysay 
Award-winner Phon Sang Sing Keo f)l 
Thailand, has gone into earthworm 
breeding from worms supplied by the 
Philippine Earthworm Centre. 

Liist year Tan sent tive kg on request 
to Cuhar. President Kidel Castro re¬ 
portedly for vermi-culture Meanwhile, 
he tries to interest the unadventuious 
to sample the goodness of earthworms. 
He willingly serves you a meal ot 
earthworms disguised as won ton. 
Sp.ighetti or a kind of pretzel. lAir 
gourmets many hotels in Philippines 
feature two delicaciesA'ermiburger and 
Vermiloaf. I lappy worming' 

Sudhir Ghatnekar 


f)r Chatnekar /.s a htotechnokmi^it stationed tn 
Hombay. 



It’s a great new feeling. 


"IVe lost 19 kilos.*’ 

Taheer Aboobaker. 


”IVe lost 27 kilos.” 

Satish Goel. 


i 



Today Satisn Goel 
and Talieer Aboobaker 
have discovered a 
whole new part of 
tf^ernselve-o "Before.we 
used to stick out like 
sore thumbs Fat 
hulking over bloated 
slobs But now this is 
not so Notfiing fiad 
worked until wo tried the 
Sheri Louise 
Programme 

Ves. Itieir Nutritional 
Programme -s designed 
to take full account ot 
your food likes and 
dislikes So it fits into 
your lifestyle real easy 
You lose upto 
450 grams a day with 
thenelp of the best 
dietary and nutritional 
information available 
1 ake it from us There s 
no c^<fifC'se No druri'^ 
No hormone injections 
No gadger. And no 
gimmicks Just 
scientifically supervised 
treatment tliat s been 
tested and approved 
Wha* s oven better, 

IS that this IS no short 
term femeay You re not 
only Mughl now to IO‘iO 
weight but also how to 
keep't otf 

Tho Sheri Louise 
comprefiensive 
programme and da'Iy 


counselling make you 
slirn and keep you that 
way 

And one more thing 
if we sound like an ad 
for the Sheri Louise 
Programme, it s 
intentional We owe 
them our new life ” 


I Call now for an 
I appointment on: 

1 JUHU CENTER: 

> Tel: 575060/573898. 

2 NARIMAN POINT: 

\ Tel: 225167/223147 
I 237019 

I or between 9 a.m. 

I and 7 p.m. 



uYotm 


Slimming Center, 

Krishna Kunj 
30, V L Mciifci 
J V F-* D Lc horni* Juh i 
BOMBAY- 400 049 
ShowroorriNo 10. 
Gfcjund rioci Tuisian- 
C^hHmbprs Ndriman Potril 
BOMBAY- 400 OLM 

Affiliates: 

U.S.A. Europe 
& Middle Eest. 


Opening Soon in Deihi, 
Bangalore & Ahmedabad. 



I 3 Iff - I 
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STOP-—YOU DON’T NEED 

Yhat vitamin pill 


Hello, what brings you here today? 
Doctor, ! have been heling dull and listless 
\ (or some time And^ though I do not know 
much about vitamins, I was thinking of 
taking vitamin tablets to pep me up. Can 
you please tell me something about vita¬ 
mins? 

'Vitamins are naturally occurring chemicals 
' pAsent in minute amounts in virtually 
, every item of our diet Yet. deprived of these 
tiny amounts, thousands of biochemical 
processes m cells all over the body would 
grind to a halt In fact, a person absolutely 
starved of vitamins cannot live long. No 
wonder pioneering scientists called these 


by spongy gums that bleed at the slightest 
trauma and bleeding from other sites in the 
body as well. 

Is it true that vitamin C prevents the 
common cold? 

A number of medical authorities, including 
the internationally acclaimed Nobel laure¬ 
ate Dr Unus Pauling — who, incidentally, 
pioneered the use of vitamin C in treating 
the common cold — believe that the 
vitamin does prevent the ailment. However, 
this claim is controversial. Dr Pauling 
recommends as much as a few grams of 
vitamin C, and some experts say that the 
chronic use of such large do.ses of vitamin C 



substances ‘vital amines’, from which the 
modern-day term‘‘vitamins' is coined! 
What 'vital'functions do vitamins perform? 
While all vitamins are necessary for the 
normal growth ot the body, each is respon¬ 
sible for the smooth functioning of a 
specific tissue or an organ in the body. 
Thus, vitamin A is required by the eyes to 
manufacture rhodopsin, a chemical needed 
for good vision. Lack of vitamin A causes 
xerophthalmia (drying of eyes), flight blind¬ 
ness, and finally, total blindness. Vitamin D, 
together with calcium, is necessary for the 
growth of healthy teeth and bones. Rickets, 
a disease caused by vitamin D deficiency in 
growing children, is characterised by .sof¬ 
tened, deformed bones and teetfi Vitamin K 
is essential for the normal clotting of blood 
that occurs when a vessel is damaged, and 
without It. tlie tiniest injury can lead to 
severe bleeding. 

And, what about the H complex vitamins? 
Of the B complex vitamins. B1 (thiamine) 
helps produce the cnergv’ needed for the 
daily wear and tear of cells, especially those 
in the heart, nerves and brain Heart 
failure, nerx'e and brain damage occur in 
beri-beri. a disease caused by thiamine 
deficiency Two other B vitamins, B9 (folic 
acid) and B12 fcobalamin) are used mainly 
by the bone marrow to produce led blood 
cells. Their dtficiencv leads to a disease 
called megaloblastic anemia, in which the 
normal dumb-bell shaped red blood cells 
become large, pale spheres incapable of 
transporting enough oxygen from lungs to 
tissues. 

Doctor, what ahmt the miracle cures of 
vitamin C' 


may be harmful At any rate, the many cold 
‘remedie.s’ flooding the market contain at 
the most, a few hundred milligrams of 
vitamin C and are of dubious value. Of 
course, the final word on vitamin C and the 
common cold has still to be said. Till then, 
the cliche “If you treat a common cold, it 
lasts for a week; if you don't do anything for 
it. it lasts seven days^” still holds true. 
What must ive do to get enough of each 
vitamin? 

Intake of a mixed diet is the best way of 
providing your body with adequate amounts 
of ail the vitamins Green leafy vegetables, 
extremely rich in vitamin A, contain almost 
every vitamin except D. Other vegetables 
such as carrots and pumpkins, as well as 
fruits like mangoes, jackfruit and papayas 
can also give you a lot of vitamin A. For B 
vitamins, especially ihiamme, cereals, 
pulses, nuts and oilseeds are the best. For 
vitamins A and D. there is nothing better 
than fish liver oil. Meat and eggs too 
provide large amounts of both these vita¬ 
mins Milk IS a good source of A. B and D. as 
well a.s C. but most of the C is destroyed by 
boiling To get enough of vitamin C. vou 
must eat plenty of fruit.<> like oranges, 
pineapples, guavas and am/a Lime and 
tomato juice too have large amounts of 
vitamin C 

Is food our only wurce of vitamins? 
Strange as it may seem, food is not the only 
means of obtaining vitamins. This is espe¬ 
cially true of vitamins D. K and B12. which 
arc mainlv found m foous of animal origin 
The ultra violet lays of sunlight act on a 
chemical already present in the outer 
layer of the skin, and transform it into 


fact, were it not for the body’s own sources 
of production, pure vegetarians might have 
suffered from a deficiency of these vitamins! 
Is it true that processing reduces the 
vitamin levels in foods? 

Yes. For instance, foodgrains like wheat 
consist of an outer vitamin-rich part, the 
germ and bran, and an innermost starch¬ 
laden core, the endosperm. Milling sepa¬ 
rates the bran and germ from the endos¬ 
perm. While the nutritious bran and germ 
are usually converted into feeds for lives¬ 
tock or simply thrown away, the endosperm 
IS processed into white wheat flour (maida). 
White breed made from this maida is 
relatively pour in vitamin B. So are foods 
made from rava, another kind of wheat 
flour consisting almost entirely of the 
vitamin-pooi endosperm Milled rice also 
loses much of its vitamin B during proces¬ 
sing. 

What IS the effect of parboiling on the 
vitamin content of rice? 

Parboiling is an old Indian method of 
processing rice that preserves most of its 
vitamin content. Paddy is first soaked in 
water, steamed and then dried If is then 
either milled or pounded at home before 
consumption. During the parboiling pro¬ 
cess, B vitamins from the outer layers of the 
grain get concentrated in the endosperm 
and subsequent milling does not affect it 
Thus parboiled milled rice i.s a richer source 
of vitamin R than raw milled rice. 

Can washing and cooking adversely affect 
the vitamin content of foods? 

Yes positively. For instance, many Indian 
housewives wash and cook rice m water, 
which IS then thrown away. This water is 


Vitamin C is needed by the body to prepare vitamin D. Certain micro-organisms that 


rich in B vitamins. Home pounded or 


a substance that plugs liny ‘holes’ in the 
walls of blood ves.sels It also binds together 
cells in various tissues Scur\y, a disease 
known since ancient times, is taused bv a 


live harmlessly in our intestines themselves 
produce vitamin K and B12. Though the 
amounts produced are tiny, they are quite 
sufficient to fulfil the body’s needs once 


milled parboiled rice is not drained of its 
vitamin content to the same extent by 
cooking in this manner. Pressure cookers 
too minimise the vitamin loss. Otherwise, 


severe lack of this vitamin and i.s manifested they are absorbed into the bloodstream. In as much as 20 to 50 per cent of thiamine 
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may be lost in the cookinj^ water. A lot of 
vitamin C can also be lost in this way. 

Secondly, addition of other substances 
may be harmful. For example, addition of 
cooking soda to legumes (dai white cka- 
nas) to improve their flavour, actually 
destroys much of their vitamin B value. 
Vitamins A and D are not affected by such 
I cooking practices, but exces.sive frying or 
roasting may lead to their reduction on 
many fiiods 

Are fermentation and germination good 
cooking practices^ 

Yes Fermentation of dough, yet another 
Indian custom u.sed in the preparation of 
tf)od.s like idhy dhoklas and dosa\ actually 
increases the content of B and C vitamins in 
these food items. Ciermination too has a 
similar effect and dishes prepared from 
germinated puKses. suth as wsa/. etc. are 
rich in these vitamins 
Can the vitamin loss from f(X)ds be mini¬ 
mised^ 

Of (our.se The longer a loodstuti is heated, 
and the larger the amount of water it is 
boiled in. the greater is the loss of K and C 
vitamins from it Therefore, to prevent this, 
all you have to do is use as little water as 
possible in cooking, and trv and avoid direct 
contact between the food and cooking 
water. Steam cooking, commonly used for 
foods like idlis. easily achieves this. Press¬ 
ure cooking too helps in the same wav To 
best preserv'e the vitamin content of veget¬ 
ables, they should be washed, peeled if 
neces.sarw cut into a few large pieces and 
then immediately added to boiling water 
Prolonged boiling must be avoided to 
prevent loss of B and C vitamins Prolonged 
cooking ul foods of animal origin, also 
reduces their A and D content 
Do we need lo take utamm tablets to 
correct this toss from food processings* 
Absolutely not The loss ol vitam1n.s 
through processing is usually more than 
compensated for by the quantity and \aricty 
of foodstuffs we consume In fact, so 
widespread is the distribution of \itamins in 
all natural foods, and so microscopic our 
daily requirements that no one eating 
sufficient amounts ol a well balanced diet 
can suffer from a vitamin deficiency 
Then why is vitamin deficicmy so common 
among Indians^ 

Obviously, poverty, which lorces many to 
consume less than adequate amounts of 
food, i.s an important reason More impor¬ 
tant. however, are ignorance and faulty food 
habits. For instance, thousands of Indian 
children are not weaned at around three lo 
SIX months of age, as they should be. but are 


Think hard before popping a vitamin capsule into yout 
mouth. You don’t need it if you are on a well balanced 
diet 


breast-fed for a prolonged period of time. 
Breast-miik alone will not do for these 
growing infants. They are thus not given 
solid foods till they are much older, and this 
can .set the .stage for protein, calorie and 
vitamin deficiency. 

Older children are just not given enough 
nutritious foodstuffs, like green leafy veget¬ 
ables and fruits. Many ignorant parents are 
lured by the tall claims made by a variety ol 
food powders and drinks, and feed their 
children with these products which they 
cannot really afford. Expensive Tonics' are 
no good either because they contain too 
minute amounts of nutrients to help mal¬ 
nourished persons 

Docs vitamin deficiency result only from 
inadequate food intake? 

No. Occasionally, faulty absorption or laulty 
utilisation by the body iLself mav give rise to 


min deficiency, especially of A. D and K. 
These vitamins require bile for their absorp^ 
tion and any defect that prevents .sufficient 
quantities of bile from entering the intes¬ 
tine will seriously interfere with their 
uptake by the body. The liver also helps to 
convert many vitamins into a form suitable 
for use by different ti.ssucs of the body. 
Therefore a person suffering from a liver 
disease mav develop a vitamin deficiency m 
spite of eating sufficient amounts of food. 
So only persons suffering from such condi¬ 
tions need to take extra doses of vitamins? 
Exactly, and that too under a doctor's 
supervision and if the basic cause responsi¬ 
ble cannot be corrected. For thousands of 
others who consume pioper diets, vitamin 
preparations are a sheer waste of money. 
That's becau.se all B vitamin.s. a.s well as C, 
arc soluble in water Therefore, after your 



vifamin imbalance, wfiich l.^ termed a 
conditioned vitamin defitiencv For exam¬ 
ple, in diarrhoeas and disea.ses caused by 
damage to the dt'licatt' inner lining of the 
gut. absorption of almost all nutrients, 
including vitamins, is aflecled. Certain 
drugs, too mav cause such a vitamin 
deficiency Fiolonged oral use »)f antibiotics 
destroys the micro-organisms m the intes¬ 
tines. cutting off the vitamins they supply 
Or. excessive consumption by the body 
itself, as in fevers, may set the stage foi 
deficiency of certain vitamins. 

fJised.se$ of (he liver and hiliarv system 
can also produce such a conditioned vita¬ 


hody’s miniscule qui»ta ol thes.- vitamins i*! 
**i)sorbed. llie cxiess is siinpK vfjided in ffie 
urine So its no use popping in pills 
containing H). 1)0, oicasHinally even SO, 
times more vitamin B (ban you actiiallv 
need Youi monev quif** lilerallv, goes 
down fhe diain' 

Do A and I) supplements at\o get Ihished 
out ol the body in this manner^ 

No, unlike the B and C vitamins, L\».ess 
amounts fd vitamins A. r> and K cannot be 
excreted via the urine They can only he 
eliminated through the hiie. and thence, 

on page 45 
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Amniocentesis probes into the privacy of the womb and 
reveals genetic diseases and the sex of the baby 


T he prenatal clinic Wtis crowded with 
mothers-to-be, yoiint; as well as not so 
'•'young. Anxiety was writ large on Sumitra. 

' oged 36. who was a mother of a mentally 
! retarded (Mongolj child It would be horrilv- 
^Ing to bear another Mongol baby. She was 
completely aware that with advancing age, 

^ the chances of her having a normal bahy 
' decrea.sed considerably. But, a normal baby 
she must have, ftowever, the fear of having 
an abnormal or a deformed child was 
uppermost in her mind and hence ttie visit 
' to the clinic. 

^ Sumitra will now have to undergo 
'amniocentesis’ m order to know whether 
the child she is carrying is perfectly normal. 

Amita had been to the doctor for a 
prenatal cheik-up before. But. this was 
different This was her fourth child, the 
other three being girls. A great tension huilt 
up inside her She remembered the dottoi 
' comforting remarks about ilie whole proce 
dure being painless The doctor was lUst 
going to collect some Hind fnmi hei tour- 
month pregnant tummy and let her know 
the sex of the comnig child within a few 
days What if again she got a bjhygitl'' 
The above two instances bring out the 
different approaches being adopted by peo¬ 
ple in the use of this technique Amniocen¬ 
tesis IS proving to be a powerful technique 
in the hands of scientists for the detection 
of genetic abnormalities in the unborn 
babies. It is anolhei .story altogelhei that the 
parents especially in India are using this 
technique for the determination ot the .sex 
of the baby This practice sluuild be discour¬ 
aged a.s It can he misused too hy ttie people 
In the male'dommated (Indian) society, 
where the desire for a male ctiild is lathei 
comical, if not hystencal. and there is a 
premium for a male child, the technique 
may be used to abort female foetuses in an 
unresponsible manner. This does not onlv 
go against the medical ethics hut can also 
have .serious .societal implication.s ot dras¬ 
tically upsetting the natural male-female 
ratio. 

Sex determination 

Hut. how IS Ihe sia ol the loetu.^i detci 
mined in the first place' S^x o( u * lidd is 
determined i»l the moment ot lonveption bv 
a chromosopKiI methanism K.ich cell r>t 
the hum.iri bodv has ih chromosomes. 
The.se diromosoiiies occui in pair's and we 
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Sample removal of the amniotic fluid 

have jviiis ui lliese. 22 pans are 
similar in both man and woman. Only tme 
pair IS difleient 'Ifiesc are known a.s the 
“sex chromo'^omes' The woman has a 
matching pair of sex chiomosomes. XX. In 
the man. one of the pan is fioniologous to 
Ihe X chiomosome hut Ihe other, the Y 
chromosome,IS quite ditfeieni in sliape, si/e 
and its genetic constitution Therefore, tiie 
.sex chromosomes in a man c.iii be denoted 
by XY and in the woman as XX 

A lertilisvd egg mav develop inl<» a male 
or female depending on whether its chro- 
niusriiTial loriNhlution is XX tn \Y The sex 
trf »in individual is I bus determined by the 
chromosMiiie conlnbufed hv the male part¬ 
ner III othei wokLs. it IS 11h* talhei wlio is 


solely respon.sible for the sex of the child. 
[Mothers-in-law and hu.sbands to take 
note.) 

According to a convention universally 
frrllowed by cytogeneci.sts, chromosomes 
are studied by them in groups according to 
their length and the position of the centro¬ 
mere (the constricted region at which the , 
cliromo.somes arc held together). The ^ 
groups of chromosomes are then de.sig- ' 
nated by letters and the individual pairs 
identified by numbers 1 to 22 plus XX or 
XY This array of chromosomes is known as 
(he “karyotype", and all living species, 
plants or animals, exhibit a variable 
karyotvpo Normally, the karvotype remains 
constant in an organism. However, changes 
can occur m the number or the arrange¬ 
ment of the chrom«somcs. upsetting the 
normal karyotypic pattern These changes 
arc reflected in the overall genetic make-up 
of an individual An individual can have 
certain abnormalities associated with these 
chromosomal cfianges But. a normal 
karyotvpe does not exclude an abnormalit\' 
of the loetus. 

Let us have a l<»ok at some of the.se 
abnormalities The cells in the females have 
cl dark-staining body known as the *se.\- 
chromatin' or ‘Barr body’ in the nuclear 
membrane Barr-hody is absent or infre¬ 
quent m cells ol males Certain men who 
have sex-chromalin oi are sex-ehrmatin 
positive are known to have podriy de\&loped 
testes and have a female bodv-huiltf They 
show Klinefelter'.s svnJrome Chromo.some 
studies show that these men have M 
ihromosonies msleaii *)f 46. and have three 
.sex chromosomes. XXY Similarly, women 
show Turner's syndrome wfien they arc 
sex chiomatin negative and have poorly 
developed gonads and wchhed neck These 
women havt 4.^) chromosomes with only 
one sex Lliiomo.some, X Mongiilism in 


Arrangement of chromosomes according to their shape and size in normal n^ale 
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Chorion Biopsy 

P RENATAL diagnosis is carried out 
during the second trimester of pre¬ 
gnancy. This is the critical time when 
the risk to the woman who faces abor¬ 
tion heightens. Recently, an extra¬ 
ordinary procedure for testing the foetus 
in the initial 12 weeks, or in the first 
trimester was tried out. The technique is 
known as 'chorion biopsy'. It consists of 
collection of a small fragment of 
tissue (biopsy) from the trophoblast, the 
outermost layer of the chorion which 
surrounds the amniotic envelope that 
encloses the foetus. This tissue is not a 
part of the foetus, but is derived 
from the fertilised egg and is therefore 
genetically identical to it. The biopsy is 
done by inserting a catheter guided by 


an ultra-sound scan, through the cervix, 
into the uterus. The biopsy material 
thus consists of a part of chorion from 
which tiny thread-like proiections (vilh) 
protrude. The scientists then examined 
the DNA directly in these piuiections. 
thereby diagnosing every genetic condi¬ 
tion. 

The chorion biopsy technique has 
mainly (wo advantages over the 
amniocentesis technique. Firstly, the 
detection or diagnosis can be made as 
early as 12 weeks and .secondly, the 
biopsy does not involve (he puncture ot 
the amnion as in the case ot amniocen¬ 
tesis. However, the safety and accuracy 
of the technique is yet to be assessed. 
But. should il prove reliable and safe, it 
will revolutionise prenatal diagnosis. 

P. R. S. 


children is also another form of chromo¬ 
somal di.sorder. Mongols have 47 chromo¬ 
somes, ihe extra one being number 21. 
Besides these numerical abnormali¬ 
ties of the chromosomes, there arc various 
slructuial abnormalitie.s involving deletions 
of a chromo.some segment or its transloca¬ 
tion to the same or ditferent chromosomes, 
as in the case of Mongol children. 

The.se abnormalities are detected once 
► the child is born. However, the parents and 
the society can escape the trauma of 
looking after these abnormal or physiolo^ 
gicdlly deticienl individuals, if somehow thd 
diagnosis can he predicted at an early stage!' 
This IS now possible with amniocentesis.' 

Amniocentesis 

In India, genetic counselling as a folk 
practice has existed for centuries. However, 
prenaUI diagnosis has begun to revolutio- 
ni.se genetic counselling. Amniocentesis is 
one of the besi methocls to diagnose the 
chromosomal disorders, be.sides indicating 
whether the foetus i.s a ‘he or a 'she'. From 
Creek woid.s meaning “puncture" and 
« “amnion" (the sac enclosing the foetus 
within the uterus), aniniocenicsis has 
emerged as a boon to the c spccting parents 
The procedure con.sists of m.serting a 
sharp three-inch needle attached In » 
.syringe, through the abdominal wall into 
tile uterus and removing a small amount of 
the amniolic fluid U.sually amniocentesis i.s 
earned out tollowing ultrasonography or 
‘echo sounding" which locates the placenta 
by means of sound wave.s. 

The collected amniotic fluid mainly con¬ 
sists ot unne and cells sloughed off from 
.skin, respiratory and urinary tracts of the 
foetus. This fluid is then centrifuged or 
spinned to settle the foetal cells which are 
then .seeded into the flat surface flasks of 
culture medium where they are allowed to 
^ grow for about two weeks. The cultured 
cells are processed further for karyotyping 
and enzyme assays. In this way. before the 
birth of a baby, its cytogenetic profile, 


including its sex {XX or XY) is determined. 

Understandably, this teciinique lias found 
great use in the detection of at least sixty 
"inborn errors of metabolism", or genetic 
abnormalities due to certain enzyme de¬ 
ficiencies, besides diagnosing chromo.s(imal 
disorders. The cells in the fluid are tested to 
diagnose Down's syndrome (mental retar¬ 
dation). and galactosemia (inability 'to 
metabolise sugar) Also, high levels ot 
alphafetoprotein (AKPI m the amniotic fluid 
would mean that the foetus mav be afflicted 
with malformations, like anencephaly and 
spina hifida or neural tube defects like 
Tay-Sachs disease. This akp is manufactured 
in the liver of the foetus which is then 
pas.sed into the amniotic fluid when the 
l(»etus urinates. 



A Mongol child 


The technique works well in experienced 
hands and is reasonably safe. There is. of 
course, a slight risk of inducing spon¬ 
taneous abortion (1 in 100). Injuries to the 
foetus, for example, needle punctures, is 
more common. About four (o six foetal 
injuries among 200 women have been 
reported. Also, British studies have revealed 
a small ri.sk of congenital orthopaedic 
defects like club-foot and premature birth, 
occasionally with foetal respiratory prob¬ 
lems. These nsks, perhaps, occur in one or 
two cases out of 200. 

To he safe, the doctors remove the 
amniotic fluid around 14 weeks of pregnan¬ 


cy after the last menstiual period. The te.sts 
take anrither two weeks. It anv abnijrmality 
IS noticed, the termination ol pregnancy is 
suggested to the parents. The removal of 
the fluid later than 14 weeks is not advLsable 
as the movements of the tVictus start by 
around 10 weeks. At this point, thei- 
apeutic abortion becomes more psvcholo- 
gically distressing for the molhei —she has 
started 'feeling life' within her. At the .same 
time the te.st cannot be undertaken before 

14 weeks ot pregnancy since then the 
quantity of an^iiotic fluid bathing the 
incompletely tnrmed baby, is inadequate tor 
the test to he carried out. 

The decision to terminate pregnancy, in 
case of an abnormal baby, depends on 
several (actors like the age of the mother 
and the number ot children she has. 
Perhaps, an elderly couple in forties with 
‘no issue' vet. may still go ahead with the 
baby, which may not he true for a voung 
couple The mental make-up ot the couple 

15 another important factor to lake into 
consideration 

Cicnetic counsellors generally sug¬ 
gest prenatal diagnosis fur mothers of 
advanced age (over .L'i to 40 years) <»» lor 
patents carrying chromosomal transloca¬ 
tions or foi niolhers wlm have been e.\pos\l 
to radiation during the early stage ot 
pregnanev The question still remains as to 
w'ho should he otleied ctmimicentesis It 
must not he done to sati-sfy mere curio.Mtv 
Amniocentesis mu.sl he done with some end 
in view That end is the abortion of the 
would he deformed child Although one 
cannot deny that termination of pregnancy 
IS taking a human life, a detective foetus 
mav end up as an unwanted child and a 
burden to society 

Parul R. Sheth 

Dr fA/rs t Stwth is on the eiUtnnal stu/t u/ 
sdLMi. /fi/AO She was formerly with the Insti¬ 
tute for Resean h in Reproduvtion^ 
iiomhat/. 



FUSION RESEARCH 
IN INDIA 

P.K.Kaw P.I.John 


I NDIAN efforts in high temperature 
plasma research have been nil, 
except for a brief foray into toroidal 
pinch studies at the Tata Institute 
of Fundamental Research (TIFR), Bom¬ 
bay, during 1956-68. Reflecting the 
declining fortunes of fusion research 
over the world, this programme was 
terminated in 1968. Dr. Vikram 
Sarabhai picked up the threads again 
when he, with his characteristic vision, 
decided to start a pla.sma research 
programme at the Physical Research 
Laboratory (PRL) in Ahmedabad. Thus 
the early J97()s saw the birth of a 
systematic programme of theoretical 
and experimental studies in plasma 
physics at the PRL. Around this time, 
the Bhahhd Atomic Research Centre 
(BARC), Bombay, also initiated work 
on plasma studies based on la.sers 
The PRL studies have addressed a 
variety ol basic phenomena in a wide 
range uf parameter space. One of the 
significant discoverus dealt with the 
behaviour of rarefied electron clouds in 
a magiulK mirror. This experiment 
revealed that the initial uniform distri¬ 
bution ol electrons, in their orbit 
around ti c magnetic lines of force, 
very soon lormed clumps due to the 
fast lo'iS of p.ulicles from some regions 
of ihe orbit from the trap. In antrther 
exp(.rini*mt to understand the mterac- 
lion of last plasma streams with clouds 
of ncatral ga.s-simulation in the 
laboratoiv o( the situation m spac«* 
when d Lomel encounters the wind Oi 
solar pl.iMTia -it was found that large 
electric lichP develop in the region 
separntim, Ih*' plasma from the gas, 
and this electric field then heats elec¬ 
trons to temperatures of the order >f a 
million degrees centigrade. Other ex¬ 
periments were performed to study ths 
interaction between plasma and beams 


of electrons carrying billions of watts of 
power. These experiments have helped 
understand how the energy in the 
beam is used in heating the plasma. 

A turning point for high temperature 
plasma research in the country came 
when the Department of Science and 
Technology identified plasma physics 
as a high priority area in the Sixth Plan 
projections and proposed to intensify 
research in this area. A programme on 
the study of magnetically confined hot 
plasmas has been initiated at Ahmeda¬ 
bad. A major element of the program¬ 
me is the construction of a low-field 
high-volume tokamak and the investiga¬ 
tion of certain unexplored areas of 
tokamak physics. For example, it is 
well known that the conventional toka¬ 
mak discharges— those which are 
directed towards fusion studies—oper¬ 
ate only in a very limited parameter 
space. Accessibility of this parameter 
space is largely determined by the 
start-up phase of a tokamak discharge 
and a variety of external parameters 
such as injection of neutral gas and 
plasma wall interaction. All these are 
.still poorly understood For example, 
one still lacks a quan'.itative under- 
.standing of plasma production enJ 
sustainment by a varif*Ly of energy 
sources. The experiments planned will 
exclusively .seek an.swers to these ques¬ 
tions. 

Another aiea ol rc,search is the 
so-called unconventional modes of 
tokamak operation, i.s an example, 
recent results indicate hat a tokamak 
in which a substantia, part of the 
'froidal current is carried by high 
energy electrons tends to have better 
energy confinemeni nroperties. These 
regimes which are of basic interest in 

continued on p, 44 


i'lwtti build a tpIfR:/ 

..'Successful .and 

to date. ^ 
some of the reacdor^ mt.. 

;. occur at ^ Sun's core. Under cofrtrol-* 
.;led bbovaikhiy conditions, a temperature ^ 
of 5*10 tnitlion degrees Wilt be reached;. 

'^,The~CiQWstnnient of India in its Siidtfck/ 
Five-Year Plan has declared fusion 
4 ^high priority" research Srea^ . 
'itiSrefim will fund fusion at a'level weH 
' ' to enable India to 

into the future. So far, a few of 
' Most advanced Western countries have 
’ .undertaken fusion research. 

The Government's investment in fu- 
. aipn on 'e largi^ is a new phenome* 
in India. However, plasma pf^sics 
(the physics of extremely high tempera¬ 
tures) research is not completely new to 
Mia. Dr: Vikram Sarabhai had en- 
i'^ioned the importance of plasma phy- 
' sics in the sixties. He considered plasma 
physics to be an integral component of 
any space science programme and set 
out to create a nucleus of plasma 
physicists at the Phy.sical Research 
' La^ratoi^ iPJiLi On his invitation, sev- 
era! young scientists, including Predhi- 
man Kaw, working at Princeton Univer¬ 
sity. USA, joined the pkl Just four 
months after the group's initiation, 
Sarabhai died. Without his backing, 
support for fusion became uncertain. 
The group lost some of its members, 
including Kaw. and plasma physics in 
PkL continued on a shoe-string budget. 

While the Indian plasma physics effort 
was diffused, exciting developments 
were undevway in the international fu¬ 
sion scene. The mid and late seventies 
were landmark years in the history of 
fusion. The Alcator-C Tokamak at the 
Massachusetts Institute of Technology 
demonstrated that it was possible to 
confine very high density plasma of a 
relatively pure grade and it established 
empirical scaling laws which augered 
well for reactor-size devices. This suc¬ 
cess was followed by the Princeton Large 
Torus device achieving very high tem¬ 
peratures by the injection of high energ>' 
neutral particles. These spectacular and 
complementary achievements were 
widely acclaimed. 

Kaw, Swadcsii Mahajan and A., Sen. 
Indian plasma physicists abroad, were 
caught up m the excitement of the, 
'times. They frequently met to dfscuas 
the initiatiori of a largescale fUsvan. • 
. liftHframte in India. They contacM, ' 
nthtr scientists and discovered that their?’ V 
jirnlect generated a lot of interest 
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. .'llTJ|llrf;j(ikW^^ 
lu^ .physics^ 
b a mature ridld in wl 
ataoveries have become more. . 
than the rule. Aimoil am 

»«, ;tt«^ bet. ha* bein''' 
'liti* leave* pockets' 
:e*, in whkhanbn- 
_ . , the m* can eibeit. 
IMritnbutten*. . 

ihp .team, there fs opthhbm' f 


orgintsathMal; 

_ rmne. 

I. thefr pt^eci; at ^ 
i bmap.of aefuMsttlhcfe 

.i’aft''rtU'thii)i-»^l4''"' 

. , di«anait^eiion«bis.;.' 

'The.etuilge of .BovemiMitt IP 1979 c 
reqiBM tjait the initial '.pfepotall 4* " 
mMbi|Mti4 pMCr p. lai, ^Pbecjliir-., 
flif the ni^ .wrote to Prof. d'^K. 0 
McnoA,1hcftSBcictaiy'intheOeibtlR|ieHI ' 
of' Sdencfr.. and Technology- (0pT>. .|h> •; 
«uppoit of the Plaema Phytic* Prognih^,’ ’ 
me (ffp) proposal. Prof. Menon.Vm* 
encouraging, but urged the group not to . 
yoimhlt -themselves to the narrow goal 
,‘of obtaining nuclear fusion. He sug¬ 
gested that they broaden their base to 
include basic plasma physics research. A 
sdoitific committee was established to 
study the amended proposal. A nationai 
consensus was reached that the ppp 
would, complainant the activities of the 
Atomic Energy Commission (AEO. While 
the ppp was to pioneer magnetic fusion, 
tha ABC was to conduct inertial fusion 
activities. 

The proposal made by the plasma 
physics team was attractive to planner^ 
^hKause it provided a new model for 
isdientific expansion. The projert was 
lunusual in that the initiative came from 
^idqisicists. And it comidied witii-the 
pdky directives of the oar. - 
fai the design of Adilya, ppp stientist* 
have 'to woifc within the oonstraints of 
Indian technology. The goal 
- Is to study plasmas at extremely hitfi 
temperatures and basic physics prop¬ 
erties of the device. The realisation of 
such goats demands sophisticatai en- - 
giiwing such as tiidh vacuum power 
systems, hb^ magnetic fields and large 
eutrentj^ for veiy short periods of time, 
tifd mechanical support structures that 
. bm sustain Ithe accompanying stresses. 
^lt.pfliiidwsatini.with 9Ma Con- >. 
.. |.jtna»?md5iihp'(ihahte 

a o( 
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Ifmaiiyestab- 
,..Jiii^pieybfo(o 

has 

' rstiiftti^ 
tmniMon. 

the JffP 
.jfUaand 
. -^p'afinct. 
'have Ip be 
Sfinapdal 


.been'! 
who are'' 

Many ,.. 

wished to' acouirei'he 
wetl-paid potitimiiii^ 
them 'scbinl^- 

<rfl«ired'whiohjw^.(.. ____ 

dUparities...Sp.for,Ahe SPP nia-sucofsdSd 
in bringilig bm-j^scibllists.' 

Or. Kaaw eipilai^ that ^Mdentificaliy 
the pFQgrapnne b'-liduiiieiigihji^'and' 
attractive for thMeyetumbM fhm the 
US -"because pressunea consider¬ 
ably in the US and-.liklia. -In the -US, 
plasma physicisfs most ftitther a certain 
panmeter :space. Herr' we .have a very 
bmad mandate-'to generate a program¬ 
me which does batic,physies with high 
-temperature nufpictically confined plas¬ 
ma.' Our emphasis will be on basic 
piasRia phytic* issues which have not yet 
been resolved’'. 

. The majm experimental effort in plas¬ 
ma .pipniks,in-the US is conducted in 
large- netkmal laboratories. Plasma 
physteisfo arr 'tmdcr tremendous politic¬ 
al pressure to'tierhortitrate the viability 
of hpdon. They mutt rely on Conjipcss to 
renbvItiKir punfoaisb. vend Cofjiiess b. 
by tiie':]%tiaM^.tiie po|iticai,iwicc«s. 

offorM^dome 


Meanwhile, plwis I'l 

has donaud the prog-. 
tof land in Bhat on the.. 
j^mniNla^r HigChway. The fiainpus is |qi;x| 

\;rwi^ihe«adveht of ilhem./tvifa'Oljhcf;' 
jpanltufkMrtt hax^ un^rtaken to •do:ftr<'\^ 
aMd^-lMparch. The iaha Institute 

tpKaMik wjl^; JiNWese 
cdjffboratkm^^uMch 
on Ibe in ISWtv .Th^.j^ARC Wtt) 
inlertial fusion pioitramme .atvtb^ 
tre Advanced Technologies Iteiplet 

up sd Indore. 



ihg known to date.' fusion b abiOst mt,' 
unaSbrdeblp technology, even 
ern standards.vResearch is uddetWiiiy tb' ' 
make fusion, t&hnologicalb^ vieMe. .' 
Alternative concepts are being 
to produce fusion energy more' econo* * 
mically. tt is certainly valid to question if 
Indb should invest in fusion resear^^' 
The answer is complex, for it critically 
depends on developments in an area of 
science which still has many unknowns,:' 
So far, as India's science budget revels, , 
we have opted br high technology, 
despite costs. Therefore, investing in ' 
plasma physics is not inconsistent with 
our scientific policy. 

Undoubtedly there are some benefits 
to be obtained by investing in fusion 
riesearch. First and foremost, if fusion 
proves to he technologically viable. India 
will be in a position to reap its benefits. 
The field is interdisciplipary in charac¬ 
ter; therefore ronsolidating work m this 
area may contribute towards building a ' 
framework for applied science research 
in India. Furthermore, by working 
closely with Indian engineers in the 
building of their sophisticated devices, 
the frontiers of technology are being 
pushed forward. If the planners can 
capitalise on these developments imagi* 
natively, there is scope for “spin-offs'* 
from bsion. 

stiuimiti 

' JatkSiithifmwn^fyrMVikramSai^m 
„ Comnumkatum nw- 

'br-jain 













The BETA device, completed in December 1983, will form a magnetic cage with the help of 
very high energy electron beams injected into a toroidal magnetic field 


undcisUndinji tokam^'ik physics have 
been left out in the cold because of the 
fact that most of the lokaniak experi¬ 
ments aie directed towards higher 
temperature, better nt values, etc. 
Apart from the tokamak experiment, 
the proRramme also plans to study 
some alternative magnetic confine¬ 
ment schemes. Compact torus forma 
tion with high curtents excited in a 
plasma by an intense beam of spiralling 
electrons is one such experiment. In 
another, electron beams would be in¬ 
jected into a small toroidal device and 
the re.sulling magnetic configuration 
would be used to ttap and coniine 
plasmas. 

Scientific groups at the BARC are 
also planning high density pla.sma ex¬ 
periments using lasers and intense 
particle beams as drivers A four-beam 
short-wave length (l.Ob microns) la.ser 
which will deposit a terrawatt power on 
a D-T'lilled glass microb.illoon target is 
proposed to be built to undertake 
investigations in laser plasma mterac 
tion. L(»mpression and lelnied studies 
Plasma tempcratine Lipt(» o million 
degrees and a neution production ol 
Id per pulsi- IS expected FVirticle beam 
.souices both electron and light ions 
in the kiliaoule eiiergv lange -are also 
prop*)sed development. Devues loi 
productn»n oi high density pinch pLis 
mas aie being designed lor oper.itif^n 
with a ')iM) hl'imule vMierg\ storage 
bank lor <s|uMmenl.s in neulron 
radiograpln .mJ on studies on the 
effect (»f lu.Mor; iea\.toi environments 
on various m.ilenaK IVeliminarv’ stu¬ 
dies on using ‘he tusion neulron bursts 
from then devices loi l)»ceding tissile 
fuel from thorium aie tdso planned. 


Many perspectives are possible on 
fusion research. As a held of pliysics. it 
has expanded the horizons of our 
understanding ot matter at extreme 
temperatures As a lechnolog>’. it ha.'; 
motivated remarkable developments in 
new materials, strange magnetic con- 
figuralion.^, and intense particle and 
radiation sources As a future energy 
source. It holds unlimited promise 

The most relevant and valid perspec¬ 
tive is that tusion plasma physics is still 
at a stage where its pursuit can hold 
the promise of fundamental know¬ 
ledge Being fine of the simplest many- 
body systems, a plasma can make rich 
contributions to the physics of co- 
operalive phenomena, nonlinear and 
stochastic processes, thermodynamic 
and stali.stical mechanics of irrevers¬ 
ible .systems, etc The understanding ol 
the evolution ol collective plasma mod¬ 
es which extract various forms ol free 
eneigy and grow into .saturated \vm- 
Imear .stales (which may be either 
turbulent or coherent) is ciucial to a 
eleater peiceplion ol \<iri()u.s basic plas 
ma phenomena The concept <if ‘.soli- 
tons’, a strongly inteiacling nonlinjai 
I'ntitv which had its birth in the field (t( 
nonlinear equations applicable to pla.s- 
ma.s, has invaded all areas (»t phvsics 
(elementary particle theory, physics of 
inacn)molecuIes, ^ >Iid slate phvsics. to 
name a tew) Studies ot plasma turhu 
lence t(»rm pari of a quest that physi- 
cisLs [rave been pLir.siiing to understdnd 
the origin ot slochastieity in determi¬ 
nistic systems. 

The unujiie feature of the research in 
high teiiiperalure plasmas is that even 
the.se basic studies would demand plas¬ 


mas of large size and high parameter 
range. This requirement comes simply 
because of the nece.ssity to avoid wall 
and collisional effects characteristic of 
small, low-temperature devices. This is 
in fact a blessing since the investment 
in building such devices for basic 
studies will .spur the development pf 
diagnostics and other fusion iechnolo- 
gie.s and can be of great value for the 
future. 

The long-term perspective must take 
into account the reality of international 
competitivefies.s when fusion enters the 
realm of an economically viable energy 
technology Pa.st experience in interna¬ 
tional cooperation in other areas of 
technology- -nuclear power, .space, 
electronics, to name a few—teach us 
that without the development of in- 
digencou.s experti.se, we .stand nowhere 
in the adaption of such technologies. 
Fusion energy technology is not e:.v 
peeled to be an exception to this It is 
not unrea.sonahle to expect that the 
post-breakeven devices will enter the 
shadowy regime wheie acce.ss to infor¬ 
mation will be either restricted or will 
have a high price-lag. The building of 
such devices is not too far in the future, 
if currently available projections on 
fusion research programmes is any 
guide If we are now ten years beliind in 
essentially physic.s-oriented devices, 
what IS the gap going to be in tech¬ 
nology? 

Drawing up a programme which 
combines both the .scientific and tecl - 
nological facets of fusion researcli and 
which reflects a national commitment 
to make up fl)r the lost years must have 
national priority. 

Hr hiJir /s Dovitu} nt ///»• /'////>/('* 

l*rni/*uttimt\ \htneilahad liarltcr. ho mis ut tlw 
i'tmicton Husmii I.iihtnafnnf /si 

tinm tn i'\t vpt ft n the pvt tin! 

ufivn hv «i/^ o fiKu/ttt tnvmhvt iit thv l^hifsnal 
Rvsvatih Liihntxtttitit Xhmvdohuii He dni hi^ 
Hhit at /// /)v/ht in l^hh 

Ih hhti t\ a i*tnfv\snt tn thv t‘Ui\tna f‘hi/sics 
Prnarammv / turn Htrjto ivuvs inth the 
/*hi/Mraf /tv.\eanh Luhnratotit Mimvtlahod. He 
nhtamvd hh VhH hum Aliuirh t mrvt^itit m 

Ihv thst part ut this attufv apfH'arvd last 
munth 
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THE QUALITY OF EQUALITY 

Prabha Srinivasen 


O NE usually associates the word isotope with the clicking of the Geiger counter 
and not with the famous battle cry of the revolutionaries—equality, liberty 
and fraternity! However, egalite is related isotopy (radio-active or otherwise). For 
both revolve around the concept of equality: the root iso in Greek means equal 
and it occurs widely in scientific nomenclature. By the same token, isolate does 
not mean “equally late"! It is in fact derived from island and insulatioO. Given 
below are ten examples. Can you spot the equalite they represent?” Answers on 


pages 72, 73. 

/I) Isotropic: 

* (A) Regions in the .same climatic 

zone. 

(B) Having identical properties in 
all directions. 

(C) Pressures applied equally on 
all sides. 

(2) Isotonic: 

(A) Equally potent tonics. 

(B) Regimen producing uniform 
muscle tone. 

(C) Solutions of same osmotic 
pressure. 

(3) Isoclinic: 

(A) Special ward for isolation of 
patients with a contagious di$- 
ea.se. 

(B) Two points with identical de¬ 


gree of sterility. 

(C) Equal values of magnetic dip. 

(4) Isosceles: 

(A) A triangle with all sides equal. 

(B) A triangle with all angles 
equal. 

(C) A triangle with two sides 
equal. 

(5) Isoban 

(A) Used in gymnastics. 

(B) A line connecting points of 
equal pressure on a meteoro¬ 
logical chart. 

(C) Bar selling health drinks. 

(6) Isodose: 

(A) Two points receiving equal 
radiation. 

(B) Stereochemically inert drugs. 


(C) Different medications in the 
same dose. 

(7) Isochromatic: 

(A) Cell with ail chromosomes of 
equal length. 

(B) Of same colour. 

(C) Alloys of equal concentration 
of chromuim. 

(8) Isomers: 

(A) Of equivalent oceanic lati¬ 
tudes. 

(B) Chemical twins. 

(C) A .substance in forms of 
varying atomic weights. 

(9) Isothermal: 

(A) Malfunctioning in heating 
coils. 

(B) Without any change in heat. 

(C) Isolated from temperature dif¬ 
ferentials. 

(lOlsometric: 

(A) Fragments derived from the 
same meteorite. 

(B) Of equal measure. 

(C) Of standard length. 



CONSULTING ROOM 

^ from page ^^9 

the stools, over a piolont^ed period of time. 
In fact, for those on normal diets, especially 
children, extra large doses of these vitamins 
may prove harmful by accumulating in the 
body. Or these. A and D are most dangerous, 
il you take too much of them, as they can 
cause diseases called *hypervitaminoses? 
What happens in ‘hypervitaminoses'^ 

Very high doses of vitamin A can lead to 
hair loss, cracked lips, loss of weight, 
enlargement of the liver and bone and joint 
pains Excess vitamin D can denude your 
bones of calcium leading to dangerously 
high levels of this mineral in the blood and 
causing irreparable harm to the kidneys and 
other vital organs Of course, si.ch toxic 
effects are seen only when extremely large 
doses of vitamins A and [) are consumed 
over a long period of time. Even so, no 
healthy person should take extra vitamin A 
if he eats enough yellow and green veget¬ 
ables and fruits. Similarly, no one having a 
normal diet and getting adequate exposure 
to sunshine should take more vitamin D. 

^ Besides curing diseases caused by their 
deficiency, do vitamins have any other use? 
Certainly. They are drugs too and can be 
used in the treatment of certain other 
diseases as well, (besides vitamin A in night 


blindness, thiamine in beri-beri, vitamin C 
in scurvy and vitamin D in rickets). These 
include vitamin C in a disease called 
methemoglobinaemia (in'which haemoglo- 
biHjthe red coloured pigment of blood is 
replaced by an abnormal brown substance), 
vitamin D in some disea.ses of the parathyr-, 
Old gland, and vitamin K in certain coagula¬ 
tion problems. 

But swallowing synthetic vitamins in 
order to correct perfectly natural phenome¬ 
na like ^mental strain' and 'tiredness', or to 
bring about 'increased growth' and 'extra 
energy' makes no sense. It is a dangerous 
half-truth to believe that if some thing is 
good, the more the better. 

What about megavitamin therapy? Is it any 
good? 

In the wake of Dr. Linus Pauling’s boost for 
vitamin C, a large number of medical 
scientists, as well as pharmaceutical com¬ 
panies, Jumped onto the megavitamin 
bandwagon, claiming that very large doses 
of vitamins (mainly the water soluble ones) 
could be a panacea for a number of ailments 
ranging from cancer to hypercholester- 
olaemia. These too are very controversial 
claims, not supported by repeated ex¬ 
perimental study. In fact, a recent report in 


d prestigious American medical lournal 
described how one such megavitamin reg¬ 
ime actually led to damaged nerves. There¬ 
fore. until rigorous scientific study of 
megavitamin therapy i.s carried out, it is 
.safest not be subscribe to thf*m 
Many doctors routinely prescribe muitivh 
tamin preparations together with antibio¬ 
tics, Is this really necessary^ 

No. unless the drug used is a broad 
spectrum antibiotic and is prescribed for a 
long period of time. Or, unle.ss the patient 
cannot be relied upon to partake of his 
usual balanced diet during the illness. 

Shivanand S. Karkal 

Dr Karkal is attached to the Department nf 
Medicme at the G S Medical College and KE M. 
Hospital, Parel, Bombay 







lEAD POLLUTION HHWi Mini Bmusn 


R. N. Khandekar 


N O other chemical pollutant has 
accumulated in human beings 
to an average level so close to 
the threshold of potential 
poisoning as lead. And it is the children 
who are at maximum risk. 

Though the battery industry is the 
biggest single user of lead (SCIENCE 
TODAY. June 1982). it is petrol-fuelled 
vehicles which contribute more than 
90 per cent of the lead m the air in 
urban areas. Much interest has. there¬ 
fore, recently been focussed on lead 
from automobile exhausts and there is 
general concern whether or not the 
levels of lead found in the environment 
today are safe. 

The problem will now get worse as 
the octane number of petrol was raised 
from 83 to 87 in last September. For. 
most of this extra octanes will be 
obtained through the use of lead anti¬ 
knocks. For instance, the use ot 87 
octane petrol will add about 12 per cent 
more lead to the air in Bombay 
and will incrca.se the blood lead level of 
the Bombay population by 8 to 10 per 
cent within a short time. (Tetraethyl 
lead or tetramethyl lead is added to 
petrol as antiknock agent to increase 
its resistance to detonation or knock in 
spark-ignited engines; the octane num¬ 
ber IS a rating that indicates the 
tendency to knock.) 

With the present rate of increase in 
the number of cars. 450 to 510 tonnes 
of lead will be released into the atmos¬ 
phere in Bombay by the end of this 
decade, compared to 2.50 tonnes in 
1979-80 and 300 tonnes last year. The 
uptake ot lead from the atmosphere 
will consequently increase and the 
aveidgc blood lead level of Bombay 
residents is likely to go up from 16 to 
18 microgrammes per 100 ml to 26 to 
32 microgrammes per 100 ml of blond. 
This Is an average value, which means 
an upper level ot 64 microgrammes 
(assuming a log normal distribution), 
that IS, nearly half the population in 
Bombay will exceed the tolerable blood 
lead level of 30 microgrammes per 100 
ml. This suggests that immediate 
efforts have to be made to reduce the 
atmospheric lead level to avoid exces¬ 


sive exposure of the general population 
of Greater Bombay to lead. 

In fact, the trend m all major cities 
in the world has been to reduce the 
lead in petrol while in India it has been 
increased. Japan. Canada and the USA 
have introduced lead-free petrol. In 
Tokyo, blood lead levels have fallen by 
70 per cent since 1967 when lead-free 
petrol was introduced. In the USA. a 
fall in petrol lead of 55 per cent was 
accompanied by a fall in blood level of 
30 per cent (in children 40 per cent). 
The following table gives a few repre¬ 
sentative trend of blood lead levels: 


rogrammes per 100 ml of blood by the 
European Economic Community as 
tolerable levels of lead in blood. Howev¬ 
er, toxic effects are now being found at 
much lower levels, and the most recent 
evidence by Dr. Needleman of the USA 
suggests that they may be close to uf 
perhaps even below the current backi 
ground levels. Until low-level lead tox¬ 
icity, incorporating ‘unpolluted’ con¬ 
trol group, can be studied, the recom¬ 
mendation of a committee of the US 
National Academy of Science that a 
serious effort should be made to reduce 
the base line level (15 to 20 microg¬ 


1967 1981 


Japan 

21.0 microgrammes/100 ml 

6.0 microgrammes/100 ml 

Israel 

1.5.0 .. 

8.2 .. 

USA 



(Baltimore 



City) 

18.0 

7.5 

Yugoslavia 

15 0 

9.2 .. 


Whatever alternative explanations 
are offered to account for these 
changes, they appear somewhat 
strained when set against the mure 
obvious conclusion that petrol is the 
mam source of lead in human beings. 

Lead is potentially toxic. It can affect 
brain function, the nervous system and 
the kidneys. In the eaily stages, lead 
poisoning causes several non-specific 
symptoms--irritability, headache, loss 
ot appetite, tiredne,ss. etc. It uncheck¬ 
ed, It can lead to lu.ss ot muscle power, 
colic, psychological disturbances, per¬ 
manent impairment of the central ner¬ 
vous .systcm.s and disea.se of the kidney 
Children up to 5 years are particularly 
vulnerable because of their develop¬ 
mental state Laboratory data have 
shown that mental development in 
children can be aitected even at low 
lead concentrations 

The problem is, there is really no 
evidence for a threshold at which lead 
begins to have toxic effects, though, for 
practical purposes, some standards 
have been set —15 to 20 microgram¬ 
mes per 100 ml of blood by the US 
National Science Academy and 30 mic¬ 


rammes per 100 ml of blood) of expo¬ 
sure to lead for the general population 
should be carefully considered in every 
industrialised country. 

To understand the magnitude of the 
problem, a study of atmospheric lead 
pollution was undertaken in Bombay 
sometime ago. The study covered 
sources of lead in the atmosphere, 
levels of lead in different zones and ir 
surface soil, lead intake from air, water, 
food and cigarette smoke and the 
concentration of lead in blood and 
teeth in the Bombay population. Most 
of the sites studied showed a significant 
correlation between airborne lead and 
vehicular traffic, suggesting that auto¬ 
mobile exhaust emission is the mam 
source of airborne lead in Bombay. 

Atmospheric lead concentrations 
were high (500-590 nanogrammes per 
cubic metre) at Fort. Phule Market and 
King’s Circle where the traffic density 
IS high; lower (320-385 nanogrammes) 
at Worli. Byculla and Pare! which are 
industrial-cum-residential areas and 
the lowest (82-85 nanogrammes) at’ 
Trombay and Deonar which are sub¬ 
urban areas with low traffic. Compared 



The use of higher octane petrol from last September will 
increase atmospheric lead and, consequently, raise blood 
lead levels in the urban population; nearly half the 
Bombay population, for instance, will exceed the tolerable 
blood lead level by the end of the decade 

3.3-4.7 micrometres in diameter; at 
Matheran. there was only one size 
group—0.43 to 0.65 microgramme. 
Apparently, burning of leaded petrol is 
a possible .source of the smaller parti- 
cle.s. and deposits of exhaust material 
and resuspension of lead dust settled 
on the street are the likely sources of 
the larger particles. 

To know this size di.stribution is 
important. For, on this depends how 
much of the lead particles one inhales 
roaches the lung.s. Normally, the larger 
particles (larger than 5 micrometres in 
diameter) are trapped in the 
nosopharyngeal region while the smal¬ 
ler particles penetrate deep into the 
lungs and hence can enter the blood 
stream. About 70 per cent of the lead 
particles observed in the Bombay study 
was in the smaller, respirable size. The 
smaller particles also remain m the air 
for long and may be carried far away 
while the larger particles settle and get 
deposited near the source of emis¬ 
sion—on streets and land nearby. Leafy 
to these, Matheran. a hill station 50 km when the traffic density of petrol- portion of vegetables clo.se to highways 

ed.st of Bombay where no motor vehi- driven vehicles is high. may, therefore, have a higher lead 

cles are allowed inside the town, had The lead particles were found to be concentration, half of which could, of 
only a concentration of 16 nanogram- distributed in two size groups—one m course, be removed by wa.shing 

mes per cubic metre. Most of the lead the size range of 0.43-0.65 mic- Indeed lead concentrations in sur- 

particles are produced during daytime rometres and another in the range face soil in Bombay have been increas* 



Lead in petrol vs lead in blood 


A KECLNT United Ncition.s Environ- 
nenf Programme (Unkim .survey on 
blood lead reveals some interesting data 
on blood lead levels and exposure to lead 
from petrol Mexico, for instance, fia.s 
the highest concentration of lead in 
petrol (0 9 g per litre) among the 
countries surveyed; Mexico Uity has also 
an extremely heavy automobile tratfic. 
The City re.sident.s have higher blood 
lead levels 122..*) micrugrammes per 100 
ml of blood) tfian many other cities. The 
population groups studied in Beijing and 
Tokyo showed lower blood lead levels. 
Tokyo, like Mexico City, is a large city 
with heavy traffic but almost all petrol 
used IS unleaded. Beijing has a low 
automobile traffic and. besides, about 75 
per cent of the petrol used is unleaded. 
The other countries .studied have inter¬ 
mediate concentrations of lead in petrol 


and also intermediate hiood lead levels 


(L'NBP, J981 
table. 

survey), as shown in the 

Country 

Blood lead 

Lead content 

concentration 

g/litre 

(median value) 


Belgium 

15 0 

0 84 

(Brussels) 

( microgramme; 

s 0 4.5 


per 100 ml) 

(since 1 1,76) 

China 

b.4 

75% unleaded 

(Beijing) 


petrol 

India 

Ahmedabad 

13.8 

0.57(1.10.72) 

Bangalore 

179 

0.64(1.10.83) 

Calcutta 

10.7 


Israel 

(Jerusalem) 

8.2 


Japan 

•(Tokyo) 

6.0 

Lead-free 


Mexico 

(Mexitocity) 22.5 0.9 

Peru 

(Lima) 9.6 - 

Sweden 

(Stockholm) 7.2 

Another study in the US in 1980 
showed that traffic policemen and auto¬ 
mobile tunnel eiTiplf»yees m Cincinnati. 
Los Angeles and Ko.ston had a much 
higher exposure atmo.sphenc lead 
and, consegiientlv. higher blood lead 
levels. For instance, while urban US 
citizens in general had an average expr»- 
sure of 1 rnicrogramme per cubic metre 
and a mean blood level of 21 microgram- 
rnes per 100 ml. policemen and auto¬ 
mobile tunnel employees mentioned 
above had an exposure of 3.8 to b.3 
microgramrnes and a blood lead level of 
30 to 31 nucrogrammes per 100 ml. 

R.N.K. 
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ing. Soil samples collected from the 
Aarey area in 1960 and 1976 showed 
that the lead concentration had in¬ 
creased from 13.6 microgrammes to 41 
microgrammes per gramme of soil over 
these years—an annual average ip- 
crease of 1.3 microgramme per gram¬ 
me of soil. Figure 2 shows the estima¬ 
tion of the increasing trend of lead in 
surface soil in Bombay along with the 
number of vehicles and petrol con¬ 
sumption. It may, therefore, be in¬ 
teresting to .study if school playgrounds 
near major roads with heavy vehicular 
traffic have higher concentrations of 
lead. For, school children who dirty 
their hands with the soil while playing 
may then be ingesting more lead be¬ 
cause of their careless habits. 

Considering also the lead intake 
from food, water, air and cigarette 
smoke (see T^le 2), an avera^ per¬ 
son in Bombay absorbs a total of 29.5 
to 47.5 microgrammes of lead a day; a 
non-smoker living in downtown Bom¬ 
bay absorbs about 33 microgrammes of 
lead per day, about 75 per cent of that 
coming from food, 15 per cent from air 
and 10 per cent from water. 

But what is important is the amount 
of lead that gets into the blood. To 
assess this, blood samples from indi¬ 
viduals who had no known industrial 
exposure to lead were analysed (using a 
very sensitive technique—differential 
pulse anodic stripping voltammetry). 
The blood lead levels in Bombay resi¬ 
dents varied from 9.6 to 37.3 microg- 
rammco per 100 ml of blood, with an 
average value of 17.7 microgrammes 
per 100 ml: men had a higher average 
(16.4 microgrammes) than women 
(16 9 microgrammes). Compare this 
with the average blood lead of 12.1 
microgrammes per 100 ml for a small 
group of Pune residents, and a still 
lower value of 9.4 microgrammes for 
children in a 'clean area' in Bombay— 
Anushakti Nagar in Deonar with negli¬ 
gible traffic. Compare these aLso with 
average blood lead concentration of 
only 5 microgrammes per 100 ml in 
children from an unpolluted area in 
Papua, New Guinea, and 3 microgram¬ 
mes for a Nepalese population fmm the 


Table 1. Abrbomc concentntlons of 
lead in different lonos of Greater 
Bombqr during 1979-80 


Location 

Lead in nanogram¬ 
mes per cu metre 

Deonar 

82 

Trombay 

85 

King’s Circle 

520 

Parel 

337 

Byculla 

384 

Worli 

326 

Phule Market 

591 

Fort 

550 

Matheran 

16 


Himalayan foothills. These concentra¬ 
tions of 3 to 5 microgrammes have, 
therefore, to be considered as ‘base 
lines’. 

While the blood lead level reflects 
the exposure to lead over the preceding 
few weeks or months, it doesn't indi¬ 
cate if a person had been exposed to 
lead more intensely in the past; a more 
meaningful index m such cases would 
be the lead content m tissue such as 
teeth, where it accumulates over long 
periods The teeth lead content in the 
Bombay adult residents studied ranged 
from 4.3 to 82.5 microgrammes per 
gramme of tooth, with an average value 
of 15.5 microgrammes. In childten, in 
the age group 7-12 years, the teeth lead 
content measured an average of 5.2 
microgrammes per gramme of tooth 


In the USA, during a nationwide 
survey for childhood lead poisoning, 
Dr. Needleman and his coworkers used 
dentine lead content as a marker of 
previous exposure to lead and they 
found that children with high dentine 
lead performed significantly lower on 
IQ tests than those with a low teeth 
lead content. 

Towards low-lead petrol 

Because automobile sources contri¬ 
bute over 90 per cent of the lead in the 
urban atmosphere, most regulations 
for reducing the atmospheric lead 
levels are directed at the automobile 
tail pipes—installation of pollution 
control devices in old cars, design of 
new cars that burn lead-free (or low 
leaded) fuel, etc. Though several de¬ 
vices have been developed to trap 
particulate matter from exhaust gases 
in old cars, they have not been popular 
for various reasons. The thrust has, 
therefore, been towards reducing the 
use of low-lead or lead-free petrol. 

The constant efforts by engine desig¬ 
ners to have more powerful and effi¬ 
cient petrol engines have lead to the 
increase ot the compression ratio from 
4:1 in the 1920's to as high as 11:1 in 
modern engines. Earlier engines had 
low compression ratios mainly because 
of the low octane numbers of the petrol 
that was available those days. The 
development of new refining techni¬ 
ques and more significantly the discov¬ 
ery of lead antiknocks for economically 





Laboratory data show that mental 
development in children can be affected 
even at low lead concentrations 



Table 2. Avenge dally uptake of lead 

Substance 

Daily lead 
intake 

Average microgra- 
daily intake mmes/day 

Fraction 

absorbed 

% 

Daily lead 
uptake 
microgra¬ 
mmes 

Normal 

range 

microgra¬ 

mmes 

Food 

— 

245 

8-10 

24 

20-30 

1 Water 

k 

3.5 litres 

42 

8-10 

4 

3-5 

City air 

15-20 cu m 

10 

50 

5 

3-6 

Suburban air 

15-20 cu m 

2 

50 

1 

0.5-1.5 

Cigarette smoke 

10 

8 

50 

4 

3-5 


increasing the octane number of motor 
spirits have been mainly responsible for 
this progress. The modern well- 
balanced gasolines.of high octane num¬ 
bers are produced by a judicious choice 
of refining techniques and the addition 
of small quantities of lead antiknocks. 
It IS possible to produce totally lead- 
free petrol of the required octane 
number by the addition of aromatic or 
alefinic fractions but the cost of such 
Hiel will be higher. 

In India, much of the petrol sold till 
last year had the octane number iron) 


83. though a small quantity of 93 RON 
petrol was available in some big cities 
to cater to the imported high com¬ 
pression ratio cars. While public con¬ 
cern about air pollution caused by 
automobile vehicles is being increas¬ 
ingly expressed in our country, not 
much work has so far been done to 
establish the actual magnitude of thd 
problem and the degree of control that 
is required at least with regard to lead 
antiknocks. This problem has become 
more sensitive since September 1983 
when the octane number was boosted 


from 83 to 87 (the lead level in petrol 
will go up from 0.54 g/litre to U.62 
g/litre). 

Indian cars are powered by low 
compression ratio engines resulting in 
poor fuel economy. It has been shown 
that 83 RON petrol gives knock-free 
operation to only about 40 per cent of 
Indian cars, if the octane number is 
raised to 87, and the compression ratio 
ofjndian cars is rai.sed by one unit, the 
fuel economy of cars is estimated to 
improve by about 7 per cent. However, 
the atmo.spheric lead level is likely to 
go up by about 12 per cent, increasing 
blood lead levels of the Bombay popula¬ 
tion by 8 to 10 per cent within a short 
time. The future levels could be esti¬ 
mated with the help of a mathematical 
model which relates the total lead 
exposure and blood lead levels in the 
adult populatiog. 

During 1960-70 the number of auto¬ 
vehicles in Greater Bombay increased 
by 60 per cent and during 1970-80 by 
100 per cent. If one a.s$umes the same 
rate of increase to continue, there will 
be 4.5 lakh cars in Greater Bombay at 
the end of this decade, consuming 
about 750,000 kilo litres of petrol. 
Thus, in 1990, automobile exhausts 
would release 450-500 tonnes (for 87 
RUN) into the atmosphere compared to 
250 tonnes in 1979-80. The average 
atmospheric lead concentrations at 
Fort, Phule Market and King's Circle 
areas would be in the range of 1.2—1.5 
microgrammes per cubic metre, and a 
higher fraction of thi.s will he in the 
.smaller respirable size. This will cer¬ 
tainly affect the blood lead content. 
This would call for continuous moni¬ 
toring of the blood lead in Bombay 
residents by health authorities, parti¬ 
cularly in childien. It would help to use 
exhaust traps and also grim' trees to 
trap the lead particles in vehicular 
traffic zones and near schools. 

l)r Khmdekat \s with the Air Vimitiirmii 
Section at the Hhabha AtomK Heworch Centre, 
liombai/. He ohtained his PM> Imm Homhui/ 
I miersiti/ m 19HJ for his studv ut atmospheric 
leadpaUutmi: in Hombay. His main mtete.sts are 
the deeelapment and use of Irare element 
analysis techniQues in eneironmertal studies 
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nNER WEED CONimi, 
6ET THE FINESr 
TVElMHft EQUIMNEIIT. 

The new, improved Advani-Oerlikon welding equipment range 
combines greater Evelding productivity with higher weld control accuracy. 


The new range of welding equipment from 
Advanf-Oerlikon incorporates the very latest 
circuitry for truly accurate weld control 
Embodied «n designs conforming to 
the latest national and 
international standards Brought 


ipact. It I 

better manoeuvrability than ever before 
All this, backed by Advani-Oerlikon's 
unmatched expertise And the kind of 
experience that's perfected over three 
decades of leadership in welding 



ADORMIQ MG/MAG Welding 
Oulllte 

Standard range from 150 to 600A 
capacity, incorporating the lates' 
electronic circuitry, thyristor drive', for wire 
feed, automatic choKe for arc stability and 
defect-free welds Designed for automatic 
and sarw-eutomatic welding 
Excelleni 'ehort-arc 'and 'spray arc 
transfers 


ADORARC Welding Reetiflera 

A whole range from 200 to 1200A capacity 
for manual arc welding and 
automatic'semi-automatic welding 
processes With facility for remote control 
Built in. safeguard, against fan failures, 
overload etc Latest control circuitry 
ensures greater efficiency as we>i as 
smooth stable and spattcr-fiee welds 
Gives deep penetration nistortion is 
mintrnum 


ADOR SUBARC Semi-end 
Fully-Autometle Submerged Arc 
welding Outnie 

Tmlley-mounted welding heads with DC 
dnves and electronic controllers ensure 
high productivity, quality, reliability and 
high metal deposition rales Voltmeter and 
ammeter mounted on the control panel so 
that the welder can set the parameters 
from the welding station itself 


ADORTIQ TIG Control Outfits 

Standard range consisting of live outfits for 
AC DC and AC/DC weldmg using any 
manual metal arc weldmg power source 
having OCV between 40-90V 
Constructional designs, both m single 
housing and on trolley, for greater mobility 
Easy 10 operate and senrice Special 
features include pre-and post-flow of gas. 
TIG spot welrimg facility Compatible for 
use with most power sources 


PlUO... Ador Midget Welders. ROCKETARC 
Air-Cooled/Oil-Cooled Welding Transformers, Motor 
Generator Welding Power Sources Engine Driven DC 


Arc Welders. Plasma Arc Cutting-cum-TiG Welding 
Outfit*; Microplasma Arc Welding Equipment, Solid 
Slate f’utsed fiG Wo'dmg Equipment, Resistance 


Welders, LPQ Cylinder Welding Outfiis and a variety of 
welding aids from Columns and Booms to Rotators 
and Positioners 
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ADVANI-OERLIKON LIMITED 

NawOpHom, 


Bangaiora n Baroda □ arwiMnMwai a Bombay 
CatcunaaCocfimnOiWiiaHHiiarabadajanBfiadpiir 
LufAnow □ Mi*n Q Punm D Rdlpur Q WHUapmom 
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Ashok Jain Award for 

NATIONAL AWARENESS ADVERTISING 


CREATE AN OVTSTANDING PUBUC EDUCATION 
CAMPAIGN AND WIN AN AWARD. AN AWARD 
THAT CAN ENSURE YOUR CAMPAIGN REAOIES 
THE ENTHIE NATION. 


To encourage senous. effective public service 
advertising and to ensure that such campaigns 
reach a wide, national audience. The Times of 
India Group announces the institution of the 
Ashok Jam Awards for National Awareness 
Advertising 

The Award will be given every year, to the 
best pnnt media advertising campaigns, one 
each for Englsh and Hindi, created to proroote 
greater awareness of important social issues 
and public causes, To be assessed a 
dstinguished jury of people from different 
walks of life 

Ar^one can apply for the Award Companies, 
advertising agencies, professional designers and 
copywnters. public service bodies themselves, 
and even individuals Any person or institution 
creating a powerful public information 
campaign that can educate, inform, laspine or 
motivate people will be eligible for the Awards 
The campaigns or may not have been 
published in the media They may or may nnt 
be commercially sponsored 

To support the causes being campaigned for. 
we will also ensure that the campaigns reach 
their tarpet audience all over the country By 
offering space to the awardwinning 
campaigns in some of the best media options 
available in the land In general and special 
interest magazines like The Illustrated Weekly 
of India. Dharmayug. Filmfare. Femina. Science 
Today. Varna. Madhun. Oinaman. Sanka P'lrag 
and Khel Bharti In daily newspapers like The ' 
Tin*.>s of India Navbharat Times.The bconomic 


Times and Maharashtra Times In their several 
editions, with a reach that is truly national 
Speaking to an audience that is informed, 
interested and responsive 

The Awards carry citabons in recognition of 
creative excellence Also cash pnzes will be 
offered for thematic bnlliance. inspired copy- 
writing, design and layout These cash awards 
are intended to recognise the achievements of 
those individuals whose professional skill or 
amateur yearnings have infused soul into 
their creations 

In good time, an anthology is intended for 
publication, which will cany some of the best 
campaigns submitted, including those which 
m^ not have won awards 

All campaigns in Hindi and English 
promoting important social causes will be 
eligible for the Awards These could be in areas 
relating to 'nation buildinq. education, health 
and medical awareness, environment. law and 
civil nghtSy art and culture, family welfare, 
rural development, civic issues, consumer 
protection, the nghts of women, advancement 
of backward communities, national integration, 
moral values, discipline, energy conservation, 
promoting seculansm. helping the handicapped 
and the disabled 

Ariy issue, big or small, specific or 
broadbased. national or even local, can win if 
the jury finds that the campaign has achieved 
high standards of excellence and is judged to 
be relevant at this juncture of the nation's 
progress 
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For more details write before May 15. 1984 to fhe Publishing Director. Br.NNCTT. COLEMAN ft CO ITU. Di Dadahhov Nanro)i Hojd 
Bombay 400001 and we will send you a brochure ahouf the Awards and the entry forms 




AMAZING NUMERIC KEYBOARD 


A lmost all the numeric keyboards are 
arranged in the format shown in Pig 1 
Discarding zero, this formation exhibits 
interesting patterns when added vertically, 
horizontally and diagonally in rows and 
columns in single or grouped together. In 
order to identify rows and columns in their 
appropriate directions, each one is assigned 
with an identification letter. Rows from left 
to right are identified as a, b and c, and rows 
from right to left arc a, b and c. Similarly 
columns from bottom to top aie labelled x, 
y and z and top to bottom are x, y and z. 
Examples of row/column identification:- 
a=123: 8-321 x=741: x=147 

b«456, b-654 y-852, y=258 

c=789, c=987 z=963; z=369 

ab=1234.S6: cb=789654 
xy=741258. yz=258369 
and so on 

1) Taking rows and columns in single, 

l.a+c-b+b 1123+789=456+456=912) 

2. x+z=y+y (741 + 963 = 852 + 852 = 
1704) 

3. a4 c=b+b (321 +987=654 + 654= 1308) 
4 x+z=y+y (147+369=258+258-516) 

5. (a+c)+(a4c)=(x+»/+(x+z) 

=--2(b+b) 

--=2(y+y) 

=2220 

6. b+b=y+y (456 + 654) = (852 + 258) = 
1110 

2) Taking rows in group of two. 

l.ab+cb=ba+bc (123456 + 789456 = 
456123 + 456789) 

2. ab+cb=ba f be (321654 + 987654 = 
654321 + 654987) 


3. xy+zy=yx+yz (741852 + 963852 = 
852741 + 852963) 

4. xy+ 2 y=yx+yz 

(147258+369258=258147+258369) 
Combining the above four results we get, 

5. (ab+cb)+(ab+cb)=(ba+bc)+(ba+bc) 

=(xy+zy)+(3cy+zy) 

=(yx+yz)+(yx+yz) 

=2222220 

3) Again taking rows and columns in group 
of two. 

1. ab+cb=ba+bc 2. ab+cb=ba+bc 
3. xy+j?y=yx4 yz 4. xy+zy=yx+yz 
Combining the above four results we get. 

5. (ab + cb) + (ab + cb) = (ba + be) + (ba 
+ be) 

=(xy+3?y)+(xy+zy) 

=(yx+yz)+(yx+yz) 

=2222220 

Results of 2 5 and 3.5 arc identical. 

4) Rotating the columns hy one position to 
forma new arrangement as shown in Fig. 2, 
and re-labelling columns and rows as indi' 
cated, we can develop identical results. 

1. ab + cb = ba + be (312645 + 978645 = 
645312 + 645978) 

2. ab + cb = be + ba (213546 + 879546 = 
546879 + 546213) 

3. ab + cb = ba + be (312546 + 978546 = 
645213 + 645879) 

4. ab + eb = ba + be (213645 + 879645 = 
546312 + 546978) 

Combining the above four results we get, 

5. (ab+cb) + (ab+eb)=(ba+bc)+(bc+ba) 

=(ab+cb)+(abj+rh) 

=(ba+be)+(ba+bc) 

=2334382 
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Now consider columns. 
(xy+zy)-(yx+yz)=(jo^+^) -(yx+yz) 

= (xy+zy)-(yx+yz) 

= (xy+zy)-(yx+yz) 

= 332667 

5) Rotate again the columns by one more 
position and re-label rows and columns as 
indicated in Fig. 3. 

1. ab+cb=ba+bc 2 ab+cb=ba+bc ‘ 

3. ab+cb=bd+bc 4. ab+cb=ba-fbc 

Combining the four results. 

5. (ab+bc)+(ab+cb)=(ba+bc)+(ba+bc) 

= (ab+cb)+(abfcb) 
=(ba+bc)+(bd+bc) 
-2060058 

Obtaining similar results from column 
additions. 

(yx+yz)-(xy+zy)=(yx+y2)“(xy4 zy) 

= (yxfyz)'(xy+zy) 

= (yx+yz)-(xv4zy) 
=332667 

6) Rotate the rows by one position from the 
original format and label columns and rows 
as indicated in Fig 4 

Performing column additions, 

1. xy+zy=-vxfyz 2 xy+ay=yx+yz 
3. xy+zy=yx+yz 4 xy+zv=yx+yz 
Combining the above. 

5. (xv+ 2 y) + (xy'4zy) = (yx + yz)+(yx+yz) 

= ()^4-zy) f (xy+zv) 
= (yx+vz) ♦ (yx+yz) 

= 1735734 

Obtaining similar results from row addi¬ 
tions. 

(ba+bc)-(ab fib)=(bc+ba)-(ab f cb) 

= (bcf ba)-(db+cb) 
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T he ymibtm India of 1818. The 
Mandhas had fidlen to Bntish forces 
led ttf Mount Stuart Eiphmstone. The 
natives oh the whole welcomed the 
Commny’e nife, because they were we- 
aiy ofa deca^ and disintegrated social 

( life. 

The most hotable change that took 
fdace with the new rule was in the field 
of education. When Nacaulior’s Minute 
on education was made public in 1835 it 
was dear that western education, if 
imported, would strike roots m India. 
The new educational policy led to the 
introduction of English language and 
development of science and technology 
A spirit of enquiry and learning was 
revived 

It IS against this background that one 
has to view the life and work of Professor 
Keru Lakshuman Chhatre, one of the 
outstanding men of science in his day 
. Nineteenth March, 1984, marks the 
^ centenary of the passing away of this 
extraordinary astronomer and mathe¬ 
matician 

Bom in a poor family, at Walkeshwar, 
in 1824, the son of a bhikshu. Professor 
Chhatre inherited no fortunes His life 
was a story of grit and courage, who 
preserved a child's curiosity to the very 
end It was this compulsive urge to know 
the 'why' and 'how' of things that made 
him stand head and shoulders above his 
contemporaries 

In Professor Chhatre we had the rare 
combination of intellect and imagina¬ 
tion All his life he was attracted to the 
profound secrets of science Though he 


FORGOTTEN 
MAN OF 
SCIENCE 


retired as a Professor of Mathematics 
from Deccan college in Pune in 1879, he 
remained a student of science through¬ 
out his life 

Professor Chhatre absorbed the best 
of both worlds, training a naturally 
contemplative mind in the scientific 
methods of the West Along with his 
endowments, he had the capacit>' for 
hard work which fetched him ^e post of 
an assistant at Bombav Observatory in 
1840 He soon became an authority on 
the theoretical and practical aspects of 
astronomy 

in 1851 he joined the Poona College, 
precursor of Deccan College, as an 
Assistant Professor For two years he 
worked as a Principal in an English 
school at Ahmednagar After a short 
stmt at Poona Training College as super¬ 
intendent. and at Elphinstone as Profes¬ 
sor of Mathematics, he began his long 
association with Deccan College. He was 
the acting principal of the college from 
1875 to 1876 On his retirement as 
Professor of Mathematics the Govern¬ 
ment at the time accorded him a pen¬ 
sion of Rs 5,000 per year, a rare honour 
in those days He was also presented 
with a silver medal and the title of Rao 
Bahadur in recognition of his achieve¬ 
ments 

His contributions to science include 
his efforts to solve the difficulties in¬ 
volved in the inequalities oi the moon & 
motion Like Laplace and Jeans, he too 
had his own theory with regaid to the 
origin of the Earth which he illustrated 
with diagrams 



FmfessorKem UMtumw Odmtx 

Professor Chhatre took keen interest 
in the theory of hyper space, a domain 
almost exclusively frequented by sden* 
tific fiction writers He was also the first 
Indian astronomer to relate the appear¬ 
ance of sun-spots and years of scarcity 
and femme 'He will be known to the 
future generations in the Deccan as the 
Aryabhatta of modem time" said the 
Times of Indie (20 March. 1884) paying 
tributes to this great man He was aptly 
called so for his capaaty to inter-relate 
and organise different aspects of know¬ 
ledge. 

Professor Chhatre has written three 
books in Marathi Grahasadhananchi 
Koshtake*ilB6Qh Tithichmtamani\and 
Tanchenga Sadhaaa Koshtake* ilSS]). 
He has been instrumental in reforming 
the Hindu calendar He has translated 
English mathematical works into 
Marathi and written text books on Phy¬ 
sics and mathematics He suggested 
graded teaching of mathematics and 
wrote his books "for anyone interested 
in learning" He was one of the earliest 
persons to develop Marathi scientific 
terminology Simplicity, lucidity and 
clarity differentiated his books from 
others 

The Times of ladia 
Reference Service 


“'(bc-»-ba) (ahfeb) 
-998(101 

7) Rotate again thiough one mou rnu and 
rt label as shown in hg Performing 
column additions 

1 + v\+v/ 2 xy^ry vx + yz 

i xy+/y=vx+v7 4 xv■^zv-vx^y/ 

Combining the foui icsults 

(xv+Al+lxy+iQ?) -(vx4 v/)4 (vx-t-yz) 
-(xy+ 7y)+(x\+7yl 
(vx-t \z) f (y\ + yy) 
-70870(1 

Obtaining similar results from tow addi 
tions 

(ab+cb)- (ba+bc)=(cb+ab)-(bc+ba) 
=(cb+db)-(bc4ba) 
-(cb+ab)- (bc+ba) 
=998001 

Rotate rows and columns through one 


position from the originii fotmat and 
^ le labtl shown in I ig 0 jtul in I ig 7 
pLiroiining idditions ind suhtu^tions is 
itriicd out m piLMou k iscs usiill ot 
tows 99S001 i»t tiilumns > 

9) 2 ^ M iliix l< rm dion 

(OIK in nunilw r J J miliix ii inutions 
,.an K di\iiopid iioni thi nii^iml lornutl 
of kesbodtJ ihisis li(»wri in Mg S tod 

1 Considering I i^ S < i) mhI lb) 

(yy-4y/) (x\z\ 1 li ij I 

+ ih’\2) 

2 Considering (a) and le) 

(ab i-cb)-(ba-i bc)(-i‘i21 f 4187 = 12S4 
+ 7854) 

d Lonsideriiig (c) and id) 

(xy + zy) - ly/+y\» 1/458^9058 = 

859648547) 

4 Considering (b) and (d) 


(ah4-cb) (be + ba) nji6i98s6 
052Ub5S9) 

5 l ombinmg tlu ilovi derived itsulls 
(y\ ^v/) i-(vy I-An ix\ i a) f \v/* v\) 

I ib -i-eb‘ ^ «ah ^ ehi 
Iba + heM hi + b i) 

22 20 

(onipulini. li igon il)\ eidi iiialiis in a 
ripedni}^ pittern 
i) l598hr51J*l i5^„()i-i78i) 

II) (l-iJl 4 9i8|>) M)0)4 /iS1) 

txploiing tiuse ml resting piltetns tnd 
then lesiilts is wot lit n efioil Rtsulls ot 
matiiv totinidion ifttr r iw tnd loliimn 
shifts ate left to readers 

George Varkey 

/ leuttnanf i < /w/Oi/mVr C I itkiu w //tt 
Indian \u/ v nic i? 1^71 Ik has hi. t n an ardi d hq 
\atitmal fit ^tdn h Ik t thpim u! ( offHirati m lot 
Meritorious Itiimtum m \uqit t 







IIMS 


A FHOROUGHLY PROFESSIONAL MDIAN JOURNAL 






Modara 

fiiAnA^Encnc 


JIM 


A {^janerly Kxmal of htemational Institute of Management Sciences 


Modem Management Ihe leading professional management joisnal in Mia-a forum 
for the latest concepts and trends m management thnkirig and policies, a convergence of 
the best practising management minds n Mia and abroad. Every issue of MODERN 
MANAGEMENT offers wel-researched, autKoritative articles on key subjects. 


To order your subscriptions^ please fill in and mail to us the attached order form with 
you remittance 

Inland Annual Rs. 32.00 

SUBSCRPTION RATES Foreign Annual Rs 300.00 

(Air-mail) Single copy Rs. 75.00 


Please wnte to the following address 
Editor, 

MODERN MANAGEMENT 

INTOtNATIONAL INSTITUTE OF MANAGEMENT SCKNaS 
2/C, L N. Mukherjee Road, Calcutta-700006 Mu 


The Editor 

"Modern Management" 

International kntitute of Management Sciences, Calcutta. 


End Rs..._(Rupees. 


_.....only) for Annual subscription to 'Modem Maragement' 

quarteriy journal. Piease send to the following addfess 

Name_______.... 

( in block letters ) 

Address _......... 

(in block letters ) 

If Student/Member, write Regd./Membership No--—--- 

Bahk Draft/I P O ............... on ............ 

..._. Bank, _*_-_........... 


The Dank Draft/Oossed I.PO./M.O. should be payable to "Internationat Institute of 
Management Sciences, Calcutta. 


INTERNATIONAL INSTITUTE 
OF MANAGEMENT SCIENCES 

CALC UTTA 
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For the following 


lSCIENCE 

la) POSTGRADUATE COURSES 


Jnstjtuiio^^hemists.. A.I C. (I) 

i) Industrial Chemistry 

ii) Plastics b Ru bber m) Ceramics Er Glass 


PIGINEERINGJ 

f^GRADUATESHlP COURSES 


or B. Tech. 


Equivalent to B. E. 


vnHndiai^nsiitui^f C 


The Institution of Automotive Engineers.. 
A.MIAE (1) 


c) DIPLOMA COURSES 


0 Electronics & Telecommunication 


ii) Eltctronic Data Processing 

iii) Refrigeration & Air-Conditioning 

iv) Automobile Engineering v) City Er Guilds (London) 


MANAGEMENT 



a) GRADUATESHIP COURSES 


I) Institution of Business Management... A M I B M. 

II) Institute of Chartered Accountants. A C A. (h 

III) Institute of Cost Er Works Accountants J C W A (I) 

IV) Company Secretary.. ACS. (I) 


i) Institution of Engineers.. A.M I.E (I) 

II) Institution of Electronics b Telecommunication 
Engineers ..Grad I E T E (I) 

III) Indian Institute of Metals.. A M I I M. 

iv) Indian Institute of Chemical Engineers... 

A M.l I Chem E. 

v) Indian Institution of Industrial Engineering .. 

I I I E. (Industrial). 

VI) Aeronautical Society of India...A.M.Ae S I. 
vii) Indian Institute of Ceramics... A.M.I.l. Cer. 


Hb) DIPLOMA COURSES 


i) Business Management 

ii) Sales 8 Marketing 

III) Personnel 8 industrial Relations 

iv) Management 8 Financial Control 

v) Research 8 Technology 

VI) Export-Import Management 
vii) Purchase 8 Materials Management 


■facilities 


• Qualified 8 Experienced Staff 

• Fully Equipped Laboratory 

• Wide range of Library Books 

• Model Answers 

• Career Guidance • Placement Service 
Detailed prospectus available at Rs. 10/- for 
Engineering Courses and Rs 5/- for Science 8 

; Management Courses from The Director. 


The Centre For Professional Advancement, 


Div of Technology And Research Associates, 
5 , Linds. jy Street, Cdicutta - 700087 , 
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If yoiAe into fitness,BulworkBi^ 
, - puts it all together 
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JjM ABDOMEN 1 

FREE Bulhwofliar' 
4 ;" CarryinB CaM, 

. ; { 24 Pm Brochura. 

^ Exaroiaa Wallehart and 
rralniriB Ouida inchidad 


^ j "Looking for a fitness programme that's 
8 J tsst^easy and gets results right away ?"asks 

fitnm expert Bob Brenton Bullworker puts 
^ it all together. In just 5 minutes a day you 

can giva your body a complete fitness workout 
shoulders, back. arms, chest, abdomen and lags 

/r 4 /esf;Each exercise takes onlyTseconds once a day 
/f's easy Any inon between 15 and 65 in good 
general health can run through the whole 

i programme without getting tired 

You cai] see your progress 1 ight from the very first 
day on the built-in Powermeter gauge After two 
or three weeks of training, most men can expect 
to measure extra 2 to 5 crtis of muscles on their 
shoulders, chest and bicep,s-and 2 to 5 ems less 
Mr Canada ar'ound thc middle.^^ 

damonairaiaa Komt aulhworkar 3 powaniaa your / 

body .n |UBI 70 aaeonds a day' opk! I 
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workout your strength inrredses 
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up to 50^ in the first three months^ lliiwi 


BuNworlim Mphu MhIm I 


pPOSli %DAY!J Ruhwotkw Oapi 2tl WC 

\<;OUfpr!.—Mii/ia/ rs vr«r/taM>/tawi drxiaod 

T Pl4>A«f> ri.sh ii'i. r'CLlWOHMM 't ari.l IIih Wtn kK f (..ninMi^n (nn, 

I iorn. I unJerM ipii •hrii it 1 iti. imi fiiM. wn'm nta. 

rnluiri i vur/lhii <i ^.i .in iimm tl. iii* i* lijnil if i.ii. • 'li ss H A | ,1 1 

I Plaain iii-li 'teppr.ipnats hnn 

I rJSemi'jy Mijyd Pki.'Piirifl I dm Minijinu ?IM by PM'i IPt. 

Nn dt (I evitljli in H'lPifim'knr Pvt L iil 

I I i SvruJ by V P P I prrMTii4^ ir, (.ly fill, pcj'iniiiri R' 7 a 4 /•■ ili livr *. 


Pin SiflOHurv 

res/ I’d ttk9 to be a WINNER 













'The Salamander is the mythical beast of the Greeks... 
the creature that defies death and decay,” Anil said to 
Medha. He was trembling with excitement... 


f ®QUABBLKS among Suigeons", 
screamed tiie headline. The 
i^news spread like wild fire. Nev- 
“fer before had a tumor been 
promoted over (lie head of his senior in 
the Department of .Surger>’ al one of 
Bombay's well-known hospitals— 
where prumotion.s. so far, had been 
strictly on the hasi.s of seniority. 

The newspapers lost no opportunity 
to liigiilight the “supersession". And 
column after column was devoted to 
the controversy. Some prai.sed the pro¬ 
digy, Dr. Anil Vishwas. Some welcomed 
his elevation as a progressive decision. 
For in our country too many old people 
occupy too many positions for too long. 
What are the talented juniors to do? 
Wait in the queue till the elders either 
retire or die? Dr. Vishwas was regarded 
as a medical wizard of India, lie had a 
string of degrees after his name. But 
his rival Dr. Bhujbal, too, had those 
degrees. In fact, not so long ago, 
Bhujbal had taught V'ishwas. But the 
pro-Vishwas elements countered that 
in almost all professions, particularly 
in medicine, degrees had a very limited 
value. They seldom described real ta¬ 
lent. But it was to his credit that at the 
age of 36, Dr. Vishwas was appointed as 
the Personal Surgeon to the President 
of India. It was an unprecedented 
honour. Also, the first-ever lung trans¬ 
plant operation had been pet formed 
under his guidance, it wa.s dune in New 
York simply because the sophisticated 
equipment ncce.ssjry for the operation 
wasn't available in India An article 
praising that epic operation had de- 
■scribed Dr Veshwas as “the suigeon 
who amputates the hands of Yama" 
But the “Bov Wonder" had his de¬ 
tractors They characterised his promo¬ 
tion as improper and contemptible 
They li.td no comments on Vishwas's 
abilities, x' liich thev grudgingly ack¬ 
nowledged But they pointed out that 
Dr. Bliuihai was no less qualified. Being 
.senior m age -Bhuibal was ,'52—his 
experience should have been consi¬ 
dered foi the ptist ,\tter all, experience 
was a vital factor in medicine. Moi cov¬ 
er. they pointed out. it would have been 
befitting that Bhuibal he promoted 


towards the end of an illustrious 
career. For he had barely six years 
before he retired. The post would then 
have surely gone to Dr. Vishwas. And as 
far as the well-publicised lung trans¬ 
plant operation went, the pro-BhuJbal 
newspapers pointed nut that it could 
well have been done by Bhujbal him¬ 
self, (but fur the unfortunate bereave¬ 
ment in his family which prevented 
him from going). They also pointed out 
that the original article describing the 
method, which fetched the US invita¬ 
tion, had been published in the Indian 
Medical Journal under the joint names 
of Bhujbal and Vishwas. 

Outwardly the two protagonists gave 
no indication of their feelings. Even 
Medhd, Vishwas's wife and herself a 
practising physician, was also unable to 
fathom her husband’s mind. Whenever 
she broached the topic of promotion he 
would side track the issue. Invariably 
he would laugh saying, “Medha. as far 
as 1 can see, you are ttie better 
surgeon... belter than both of us..." 

And Medha was puzzled. 

"...You have performed an absolutely 
bloodless surgery. You have created a 
place for yourself in my heart—without 
opening it! It’s a real miracle!” 

She would smile and look fondly at 
her husband. When her eyes sparkled. 
It was difficult to say whether they 
reflected pride or a .sense of fulfilment 
at her husband's gallant tribute nr 
wonder at his .skilful parrying. 

The conlroversv gradually subsided. 
The newspapers took .some other con¬ 
tentious hones to chew. But an uneasy 
silence prevailed m the Department of 
Surgery at the hospital. 

And then that terrible accident took 
place I )r Vishwas's .survival was really 
quite miraculous. 

lie had been walking along a foot¬ 
path in the congested area ot Uirgaum 
and suddenly a portion of the balcony 
collap.sed directly over him. He fell 
unconscious As had luck would have 
it, a large chunk ot lU'C. which was 
precariously hanging, fell on hiS out¬ 
stretched right hal’d, crusliing those 
shapely, sensitive fingers completely! 

Dr. Vishwas was rushed to the Hos¬ 


pital. Medha and Dr. Bhujbal were 
called in. The injuries on his head were 
deep but not serious. Fortunately there 
was no damage to the brain. Only 
suturing was needed. 

But his hand was a tragic mess; The 
concrete block which had fallen on Dr. 
Vishwas's hand was full of rusty invn 
skewers. And the fingers were pulped 
under the enormous impact. Anil had 
lost a lot of blood. And there was every 
possibility of gangrene creeping in. 

There was only one remedy: Amputa¬ 
tion. 

The situation was so grave that it 
brooked no further delay. Dr. Bhujbal 
explained all the possible complications 
of the case to Medha. After all. Mrs. 
Vishwas too, was a physician. She 
fought back her tears as she signed the 
form permitting surgery. 

And that afternoon. Dr. Anil Vish-jJ 
was, M.S., F.K.C.S.. Padma Bhushan, 
lo.st four fingers of his right hand... 

When Dr. Vishwa$ came to his own 
the next day. Dr. Bhujbal was near his 
bed. Me explained the whole situation 
to him. Medha who lield her husband's 
left hand, winced in pain as he clen¬ 
ched it involuntarily. 

“I am so sorry Dr. V'ishwas, but I am 
sure, even without the fingers you can 
still give us your valuable advice." Dr. 
Bhujbal was saving. Dr. Vishwas was 
gazing at the ceiling. His lace wa.« 
completely emotionless. His eyes werf- 
blank. How much of-what Dr Bhujbal 
was saying came out of sincere griet 
and how much Out of sadistic pleasure? 
he wondered. 

After the accident, although the 
management of the Hospital retained 
Dr. Vishwas as the Head ot the Depait- 
ment of Surgery, he resigned on his 
own. “You can't leach .swimming by 
standing on the banks of a river. A 
suigeon who cannot operate has no 
right to teach", he wrote in his letter of 
resignation 

Naturally, his resignation attracted 
wide publicity in the new.spapers. They, 
spared no words in praising his sincer¬ 
ity. But that was the last thing writte^ 
about Dr. Vishwas. He went out of 
limelight and was .soon totally for- 
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The adventures of the first infrared astronomical 
satellite (IRAS) which is providing breathtaking views 
of the universe never seen before..* dust clouds» 
brand new comets and asteroids* ringed stars and 
baby suns tucked away in dark* unexpected quarters 

of the galaxy 


IRAS IN 
WONDERLAND 

VithalCNadkaml 


‘7 wonder how many miles I’ve fallen by this time?” 
she said aloud. “I must be gettmg somewhere near 
the centre of the earth.. ” 

—Lewis Carroll 

Alices Adventures m Wonderland 

A JOURNEY to the centre of the Earth is the stuff 
science fiction is made of So is the journey to the 
centre of our galaxy at least as of todaj But that 
space odyssey seems less improbable than a journey 
to our roots For thanks to the Infrared Astronomical 
Satellite (Iras) we at least know what the heart of the 
galaxy looks like an iridescent slash of gas and dust lit by 
unseen suns, etched across the mysterious purple of the 
cosmos hee picture above right) 

Its one of the most remarkable pictures ever 
produced a view doubly precious For it is obtained not bv 
visible light but bv waimth by mttared radiation to which 
human eyes are blind The Earth s atmosphere compounds 
our blindness Water vapour blocks all but a few select 
photons ot the infrared signals from space Says pioneer 
rocket astionomer Herbert Friedman The air above us 
makes life livable and comfortable but it blinds the 
astronomer ti all but a very limited view of the universe It 
seems particularlv frustrating that radiation that had 
travelled billions ot light years could be lost in the last 
thousandth of a light second, barelv a hundred miles from 
completing its journtv to Earth 

Infrared observations are extremely valuable to the 
astronomer For unlike starlight, infrared waves can pass 
virtually unimpeded by dust m the interstellar medium. 
Moreover, many types of astronomical objects radiate a 










large fraction of their total luminosity in the infrared 
region. This is particularly true of bodies with low 
temperatures. For ever>'thing in the universe, be it a dust 
mote or giant gas cloud (or even the universe itself) which 
bears even the slightest heat, even if it is only a few 
degrees above absolute zero, radiates some infrared waves. 
This non-luminous matter of the universe includes 
asteroids, planets, protostars, interstellar molecules and 
interstellar dust grains. Says Mitchell Waldrop in Science: 
"This ‘cold’ component of matter is probably at least as 
important in the universe as the luminous stars: indeed, 
during the last decade infrared astronomy has become one 
of the mo.st active subdisciplines in the field. Unfortunate* 
ly (as said earlier), infrared photons arc strongly absorbed 
in the earth’s atmosphere. ” Moreover, there is the 
problem of thermal emission Trorn the atmosphere and the 
telescope itself. This heat noise readily drowns the faint IR 
emanations from space. 

The gMketic centre of the Milky Way (above) aa viewed by the 
infrared Aatronomicai SateUite (IRAS). The buigea and biota 
are giant chuda of gas heated by nearby Mara, Left: IRAS 
discovered this comet, IRAS-Araki-Akock, within 5 miiilon 
kilometres of the Earth. The faiae colour Image, detected at a 
wavelength of 25 microns, clearly shows the shrouds of 
partkies around the core. Far left: A unique picture of the 
constellation Orion, probably the first view of the entire 
hrmathn 







HIAS IN WONOIRLAND 


Supwfluid tolium tank 



The solution: mA.i . .<>dti'llite tele¬ 
scope chilled with liquid helium to 
detect faint emanations of heat or 
infrared radiation from the universe. 

By all accounts ikas was a technolo- 
({ical triumph. It.s telescope was chilled 
to below 10''K to control its own 
internal heat emissions. To maximi.se 
sensitivity, its focal plane instrumenta¬ 
tion was cooled to — 2.5''K and the data 
it gathered in its lO-month “successful 
odyssey" is bound to keep an army of 
scientists busy for several years. The 
findings will sharpen our sights and 
may even revolutionise our thinking 
about the universe. 

The portrait ot the universe thus 
revealed is cold and dusty. But only to 
the trained eye. In the false colours of 
the computer palette, a cold-cored 
comet found by ika.s (see previous page) 
looks as colou^l as an Easter egg (or a 
red hot fireball)! 

Through the “cold" eye of iiw.s is 
evoked a vision ot wonderland, of vistas 
unseen before by human eyes—dust in 
myriad incarnations—curls, wisps, 
spumes, knots and awesome cirrus 
clouds scattered in the dull depths of 
interstellar space: du.sty cocoons 
warmed from within by whole hives of 
na.scent stars; new comets and aster¬ 
oids ru-shing pell-mell through a dust- 
spattered solar system: mysterious 
gala.xy-like “objects" radiating 101) pet 
cent as much heat as light; and above 
all rings, rings of dust and debris 
around stars other than our own Sun 
No other finding has.excited public 
imagination as much as this, could 
these rings coalesce into future worlds 
(as ours did once upon a time)’ 

llias'. observed all this from ils 900- 
km near-polar orbit, sate from the heal 
interference of the atmosphere below 
The $1S0 million satellite, a joint 
venture of the I'nited States, the 
Netherlands and United Kingdom, was 
launched on iifi lanuary. iyH.'{ to com¬ 
plete the first all-skv survey at the 
infrared wavelengths between 8 and 
119 microns. 

When work began on the ika-s) in the 
mid-seventies the challenges faced, 
technological and financial, were enor¬ 


mous. NASA started the project in 1974 
inspired by a short-lived cryogenically 
cooled satellite launched by the Air 
Force. It had the state-of-the-art exper¬ 
tise in key areas like infrared detectors. 
But It was beginning to feel the pinch 
of the costly space shuttle development 
programme. 

Enter nivr. the Netherlands aeros¬ 
pace agency. Flush with oil money 
following the 1973-1974 oil embargo 
(Netherlands' refineries process most 
of Europe's imported oil), the Dutch 
Government was planning an infrared 
.satellite (as a sequel to a small cosmic- 
ray/ultraviolet observatory known as 
the Astronomical Netherlands Satel¬ 
lite). A collaboration was inevitable. 
Within a year a joint working group 
began the conceptual designs. 

The British joined shortly thereafter. 
The final shares were as follows: Bri¬ 
tain. a 10% partner, built the lK/\.s 
ground station (at Chilton, South of 
Oxford) from which they would operate 
the satellite and collect its data once it 
wd.s in orbit. The Dutch, 40% partners, 
made the spacecraft with its associated 
.systems of communications, pointing 
and power. The Americans, 50% part¬ 
ners. built the telescope, the detectors, 
the cryogenic system, the launch vehicle 
and the scientific data piuce.ssing. 

"The programme faced problems 
that were just continuous." sav.s Pro¬ 
ject Manager Gerald Smith of the Jet 
Propulsion (.abordtory. “For a time we 
thought there'd be no end to it." After 
iwo years of delay, liw.s (described as 
one of the most frustrating and difficult 
projects ever attempted) was finally 
launched into polar orbit from the 
Va'ndenburg Air Force Rase in Califor¬ 
nia by a McI)onnell Douglas Delta 3910 
launch vehicle. 


Once in space, at an altitude of 900 
km, the satellite began to perform 
flawlessly. One week after launch, on 1 
February, 1983, the satellite ejected its 
telescope aperture cover, exposed its 
helium-chilled sensors to the sky and 
began taking data at the rate of 700 
million bits per day... 

The heart of the satellite is the 
telescope ff/9.6 Ritchey-Chretien de¬ 
sign with beryllium mirrors and a <( 
.57-cm aperture). The telescope focuses 
the incoming infrared radiation on an 
array of 62 solid-state chips which 
produce an electrical signal in response 
to heat. These infrared detectors, each 
a rectangle less than a centimetre 
across, observe radiations ranging from 
eight to 119 microns. (The band width 
from 8.5-15 microns is observed by 15 
silicon-arsenide chips; the 19-30 mic¬ 
ron range by 16 silicon-antimonide 
chips. Of the 31 germanium-gallium 
detectors. 16 scan in the 40-80 micron 
range while 15 detectors are designed 
to survey the 83-119 micron spectral 
range.) 

“These four infrared wave lengths 
correspond to temperatures between 
the freezing point of water and about 
20 degrees ceLsius above absolute 
zero—the very temperature range in 
which he planets,asteroids and instellar 
dust clouds (ot 'cribs') where baby stars 
are born." says Gerry Neugebauer of 
Caltech, Leader of the .lKA,s Science 
team. “(So sensitive is the cold eye of 
IRAS) that it can see the heat of a dust 
motetwo miles away, or of a baseball 
across the continent." 

The IR.AS 1 mission can be viewed as a 
sort of Dewar's* dream come true: it's ' 


* Alter Sir James Dewar,Sctittlsh invenlor of a 
doubie-watted thermos “fbak". 
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The most celebrated discovery of IRAS concerns 
the so-called ring of Vega—^the first known 
example of a star other ^an the Sun 
orbited by solid particles. 


the largest thermos bottle ever to fly! 
The doughnut-shaped tank which sur¬ 
rounds the telescope was filled at 
launch with 72 kg. of superfluid 
helium. “This is the first time helium 
hv been used in a satellite experiment 
r^ulting in by far the lowest tempera¬ 
ture of operation of any instrument in 
space," says the report ^ the iras team 
in Nature. 

The superfluid helium was indeed 
the lifeblood of the mission. It boiled 
off into space through a porous stain¬ 
less steel plug. (2.4 cm diameter) on 
the top of the tank. In the process the 
vaporised gas chilled the liquid helium 
and carried off the heat from the 
container and the focal plane into 
space. According to original estimates, 
the helium supply was expected to be 
V'thausted by six months. However, it 
fasted for ten months by which lime 95 
per cent of the sky had been scanned at 
least four times and 72 per cent had 
been surveyed six times. 

Scientists who were hoping that the 
helium would last till 4 January were 
surpri.sed when on 21 November, the 
supply of superfluid helium fell from 
standard rate of flow to zero in a matter 
of seconds. Until the very last minute 
the telescope was operating normally. 
As the helium dregs boiled off, the 
remaining fluid spread in a thinner and 
thinner coating that still cooled the 
telescope. As Discover put it." iK,\.s was 
good to the very last drop"! 

After the cryogen was depleted, the 
focal plane temperature began to in¬ 
crease at a rate of about two-tenths of a 
degree centigrade per hour. As the 
detectors began to go blind, pioiect 
engineers tried to continue to collect 
data with the remaining detectors until 
the temperature' rose to -260*^. "By 
then, however, the science goals had 
been accomplished,'* says Charles A. 
Beichman. member of the iKA.s Scien¬ 
ce team. “It will be a frustrating 
footnote that we didn't actually get 
everything (about 5 per cent of the sky 
remained to be surveyed when the 
helium was exhausted), but we have 
certainly gained more than we could 
t -have hoped for before the launch." 


Barely one per cent of the data 
collected by IRAS has so far been 
analysed. It reveals view of the universe 
that is startlingly different from the 
one shown by visible light. 

For one thing, it is a far dustier and 
enormously more fecund plaice. “In 
fact, the satellite uncovered so much 
dust and debris, the cumulative mess 
may force astronomers to recalibrate 
cosmological distances," says Frank 
Low of the University of Arizona. "Esti¬ 
mated distances to certain heavenly 
bodies are based in part on their 
brightness: The dimmer they are the 
farther they are assumed to be. But if 
considerable dimming is caused by 
heretofore invisible dust, these objects 
are probably much closer.” 

On the very first day of its operation, 
IRAS detected about 4,000 infrared 
.sources. This is approximately equal to 
the number of sources known in the 
entire sky before the satellite’s launch. 

By end of mission the “cold eye” of 
the satellite had pinpomted over 
2,00,000 infrared objects in space. “It 
had discovered ^ and made detailed 
observation of five previously unknown 
comets, four new asteroids, and an 
enigmatic comet-like object apparently 
the source of orbiting debris that 
causes the yearly Geminid meteor 
shower on Earth. When iR.vs made a 
broad sweep of the solar system to 
estimate the total number of asteroids, 
it counted about 20,000, some four 
times the number previously de¬ 
scribed,” reports Michael Gold in Sci- 
ence-84. iras also discovered a band of 
dust around the Sun between the orbits 
of Mars and Jupiter. 

The most celebrated distoveiy of 
IR.A.S concerns the so-called ring of 
Vega—the first known example of a 
star other than the Sun orbited by solid 
particles. Also called Alpha Lyrae. Vega. 
60 times more luminous than the Sun, 
is 26 light years away from the Earth in 
the Milky Way galaxy it is one of the 
most studied stars in the sky hut it was 
only during an .iR/\$ sighting that two 
American astronomers. George Au- 
mann of JPL and Fred Gillette of Kitt 
Peak National Observatory, tioticed 


that Vega was unusually bright in the 
infrared region. The “bump" its radia¬ 
tion was producing on the charts at 
Chilton was “too fat” for its size. The 
astronomers deduced that the extra 
heat was coming from a ring of pebbly 
material some 80 astronomical units 
(Earth-Sun distances). By contrast the 
.solar system of the Sun is 40 astrono¬ 
mical units. 

Aumann and Gillette determined that 
the particles must be larger than cos¬ 
mic dust grains, of size 1 mm and more 
(even tens of kilometres). Anything 
smaller would have been drawn back 
into the star by gravity. The discovery 
of the ring was verified by a team of 
astronomers from Texas University 
who used an infrared telescope aboard 
a Lockheed aircraft (NASA’s Gerard P. 
Kuiper Airborne Observatory'). 

The questioi\ that excited layman 
and editorial writers alike was: could a 
planetary system be born out of this 
ring of dust and debris? It seemed 
unlikely. For calculations .showed- that 
Vega would reach the end of its “main 
sequence" lifetime before a planetary 
system could evolve (assuming the 
existence of conditions suitable for 
such evolution). 

Some months later, scientists 
announced that a second star. 
Fomalhaut. the brightest star in the 
constellation of Southern Fish. Piscis 
Austrinus, was also apparently sur- 
niunded by an orbiting collection of 
dust and debris. Fomalhaut is twelve 
times more luminous than the Sun and 
one-fifth as bright as Vega. With a 
lower surface temperature than Vega 
(8.800 K compared with 9,600 K). 
Fomalhaut should have a lunger life¬ 
time, although IRAS astronomers are 
as yet unable to provide numbers, 
according to a report in Nature. The 
star, which is 22 light years from 
Earth, has a dust shell about 100 
astronomical units. 

Excited by these findings, .scientists 
began a search for stars that were ton 
bright for their actual size. Out of the 
9,000 stars examined, Gillette has short- 

Continued on page 69 





GEM OF 
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G reen emerald, bluish-green 
aquamarine, rosy Vorobyevite, 
yellowish green beryl, wine col¬ 
oured heliodor; crystal clear 
phenakite, delicate blue euclase, 
chameleon -1 ike chrysoberyl—from 
times immemorial the stones have 
complemented the beauty of women, 
enhanced the splendour of kings. Wars 
have been fought over these coveted 
stones which have always been eagerly 
sought by sovereigns and subjects 
alike, in the world of tomorrow too 
these gems are going to be precious. 
Hut for a different reason. For they 
constitute the ore of a very important 
mebl— beryllium. Although one of the 
lightest metals, beryllium is a 
heavyweight when it comes to its 
utility. 

This metal i>f the future has a very 
illustrious pa.st. More than 2.000 years 
ago. Queen Cleopatra is said to have 
owned large emerald mines in the 
litcless Nubeaii desert. The Roman 
Emperiur Nt ro too had a penchant foi 
the green gem and loved watching the 
gladiators fight through a large emer¬ 
ald crystal. 

However, the element beryllium it- 
sllff was discovered in 1797 by Vauquel- 
lin. In French, the element was refer-, 


A METAL 

Ahuja 


red to as glueinuim (Gl), because of the 
sweetish taste of many of its com¬ 
pounds. Later Wohler and Bussy in 
1828, produced metallic beryllium in 
the form of impure powder 1 ^ reducing 
beryllium chloride with metallic potas¬ 
sium. They named the new metal 
beryllium (Be) which was officially 
recognised in 1957. During the 
nineteenth century numerous other 
investigators contributed to the de¬ 
velopment of chemistry of beryllium. 
Of particular interest is the work of 
French scientist, Lebeau. who in 1899, 
obtained small hexagonal crystals of 
beryllium by electrolysis of sodium 
beryllium fluoride and later prepared 
beryllium-copper alloy by direct reduc¬ 
tion of beryllium oxide with carbon in 
the presence of copper. Commercial 
development of beryllium in United 
States was begun in 1916 when first 
significant beryllium metal ingot was 
produced. In 1932 beryllium copper 
master alloy was made available com¬ 
mercially. 

But the element was still unknown 
until the late 18th century. Many 
scientists had attempted analysis of 
beryl, however no one could detect the 
metal contained in it. It looked like the 
element was hiding behind the back of 


aluminium and its compounds—its 
properties were strikingly similar to 
those of aluminium. But there were 
also differences. The French chemists 
Nicolas Louis Vauquellin was the first . 
to notice the essential differences. He 
reported on 15 February, 1789,that 
beryl and emerald contained a new 
“earth” different in properties from 
alumina—aluminium oxide. He per¬ 
sisted with the efforts and ultimately 
identified the new element eight years 
later. 

Among the thirty odd recognised 
minerals containing beryllium, only 
three are significant, beryllium (2Beo. 
Al 2 C) 3 . 6 S 1 O 2 ), phenacite ( 2 BeO. Si 02 ) 
and bertrandite, (4BeO. 28102. H 2 O). 

Of these beryllium, a complex beryl¬ 
lium aluminium silicate containing * 
about 11-13 per cent BeO is commer¬ 
cially important. 

The metal is widely distributed and 
estimated to be about 0.001 per cent of 
earth crust. India, Brazil, Argentina, 
Canada, United States, Congo, South 
Africa, Uganda and USSR are principal 
producers of beryl ore. Low grade 
bertrandite ( 0.6 to 0.9% BeO) is now 
also being processed in USA. Hand 
picking IS the only commercial method 
for concentration of this ore and there¬ 
fore i.« limited to large crystals of beryl. 
Gigantic crystals of beryl occur natu¬ 
rally. They may weigh tens, hundreds 
or even thousands of kilograms. One of 
the biggest crystals known is nearly 9' 
metres long. 

Beryllium metal is commercially 
produced entirely by the ruction of >< 




beryllium fluoride by metal magne¬ 
sium. For obtaining beryllium with 
higher purity (used salt electrolysis of 
beryllium chloride is a preferred route. 

Mhignesium reduction of beryllium 
fluoride is carried out in a graphite 
^ned fiimace at approximately 900°C 
using excess of beryllium fluoride. At 
this temperature the reduction pro¬ 
duct, beryllium, is in the form of 
powder intimately mixed with the slag. 
In order to consolidate the metal pow¬ 
der, the temperature of the reduction 
charge is rapidly raised to about 1400X 
and it is poured into a graphite receiver 
mould. This is then wet-ball-milled to 
obtain beryllium metal in the form of 
pebbles. 

In the electrolytic reduction method, 
the process is carried out in a nickel 
crucible, which acts as the cathode 
while a high density graphite rod 
placed in the molten metal mixture 
acts as an anode. The beryllium metal 
gets deposited on the crucible walls in 
the form of flakes. 

Both the processes yield acceptable 
products, however, the metal is con¬ 
taminated either with slag or electro¬ 
lyte salt. It is therefore not suitable for 
direct production of powder and is 
further purified by vacuum induction 
melting. The metiil thus obtained is 96 
to 99.5 per cent pure. 

Beryllium metal with its melting 
point of 12H3°C should present no 
problems to melt or cast. However, the 
cast beryllium metal exhibits essential¬ 
ly no ductility at room temperature. In 
order to overcome this problem powder 
metallurgical techniques are adopted 
to produce fine grained material. The 
vacuum melted beryllium metal ingot 
is converted to powder form by mecha¬ 
nical attritioning. It is then consoli¬ 
dated to near theoretical densities by a 
variety of techniques. Among these the 
vacuum hot pressing is the most com¬ 
monly applied technique. Most beryl¬ 
lium parts produced today are 
.machined from vacuum hot-pressed 
blocks. 

Beryllium with an atomic number 4 
and an atomic weight 9.013 (chemical 
scale) lies in the flrst short period of 


the Periodic Table. It heads Group IIA 
which includes magnesium, calcium, 
strontium, barium and radium. 
However, it is much closer to alumi¬ 
nium by nature of its chemical prop¬ 
erties. Like aluminium, beryllium 
forms a protective oxide skin and its 
stability in air, even at red heat is due 
to this protective oxide layer. Nitrogen 
attacks beryllium at temperatures 
above 900°C forming beryllium nitride. 
Beryllium reacts readily with sulphur¬ 
ic, hydrochloric and dilute nitric acid. 
Alkaline solutions react with beryllium 
with evolution of hydrogen gas. 

The similarity between Be & A1 
caused quite a bit of trouble to the 
author of the periodic table Mendeleev. 
Because of this similarity in the middle 
of the 19th century beryllium was 
considered to be a trivalent metal with 
an atomic weight of 13.5 and conse¬ 
quently should have occupied in the 
table a place between carbon and nit¬ 
rogen. This introduced obvious confu¬ 
sion in the regular change of properties 
of elements and cast a shadow of doubt 


on the validity of the periodic law. 
Mendeleev, however, was convinced of 
his law and hence placed beryllium in 
the .second group with an atomic weight 
of 9. Later Swedish chemists Nilson and 
Peterson found this to be correct. 

Beryllium can form polymeric com¬ 
pounds as well as a class of covalent 
compounds which show remarkable 
thermal stability. Some can be distilled 
at temperatures above SOO^C at atmos¬ 
pheric pressure without decomposi¬ 
tion. Example of these compounds 
include the basic beryllium carboxy- 
lates, Be'O (RC02 )a and neutral che¬ 
late compounds of beryllium such as 
the well-known beryllium acetylace- 
tonate which is volatile, melts at 108*^ 
and boils undecomposed at 270"C. Be¬ 
ryllium alkyls prepared by reacting 
Grignard reagents with beryllium chlor¬ 
ide, have been shown by X-ray diffrac¬ 
tion studies that they form a polymeric 
chain in which each beryllium atom is 
attached tetrahedrally to four carbon 
atoms and each carbon atom to two 
beryllium atoms. The structure of solid 
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sodium hydroxide 
E'liiiP jamBonal purification step. 
. J^.pMpeis: 111 this process the 
. KqteSiaijpiMa the Bwmial treatment 
original stnktuK because 
‘nactoiy nature. This is done 
•fieatiiig it to molten stete 
lidld^iuanfibing In water or Iv 
' plkaijiie earth 




Among the two processes, the flubrl^ii^J 
process is simpler in operation end.laiic 
capKai Irdensive. ' ., '" 

'BerjWium halide intermedietae:. Thf‘ 
betyIHum MroxidepNidaeed iQRbne cr,;^ 
the abbve methods >is converted 
enfapdirMi herylilum fluoride 
ide tor metal production'. .For the 
dueBan'oTenhpitonifbeiyUiiimflUa . 
the UlQlihim Iqftooxkle is dissolved' 
ammonium biftuoride to prodoito-)...>; 
aiflinnnium beiyllium fluoride. The dour " 
ble fluoride is purified by' stsautorid 
precipitation procedures aito then is 
erystoSised. The crystals are thermally 
decompmed at 800 ^ to obtato aribyd-'' 
rous beryllium fluoride. Beryltiuni . 
chloride is produced by the chlorination 
of beryUlum oxide and Caiben mixture at 
lOOtPC, BeryUlum (htort^ distUIs awrtf 

to^hnr puriffeid w |!e-Mla|don«ih-?^ 

‘ .oul iO|W in a etraam of hydirogah.'. 
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Beryllium has high fatigue resistance 



I 


dimethyiberyllium is that of an elec¬ 
tron deficient compound:- 

It is of analytical importance that 
beryllium does not react strongly with 
the universal complexing agent 
cthylenediamine telraacetic acid 
(EDTA). In the analysis of beryllium 
using selective pH many interfering 
metal ions are chelated by EDTA while 
beryllium is precipitated as hydroxide 
or beryllium ammonium phosphate. 

Properties and uses 

The uses of beryllium mainly stem 
from its nuclear and thermal prop¬ 
erties. It is an excellent reflector of 
neutrons, returning them to the in¬ 
sides of an atomic reactor. The leakage 
of neutron-s is thus prevented. Coupled 
with its high radiation resistance this 
property makes beryllium a darling of 
the nuclear engineers. Although its 
large scale use in power reactor has 
waned due to the helium embrittle¬ 
ment problem, it is still being used as a 
reflector material in research and fast 
reactors Beryllium by virtue of its light 
weight IS a potential material for com¬ 
pact reactors required for spacecrafts 
submarines or ships. When beryllium 
atoms are bombarded with alpha parti¬ 
cles from radium, the nucleus yields a 
profusion of neutrons. It is, therefore, 
used as a source of neutrons for the 
start of nuclear reactors and in classi¬ 
fied weapon programmes. 

Beryllium is strong, stronger than 


structural steel. Besides, it has an 
exceptionally high melting point com¬ 
pared to Magnesium or Aluminium. 
This, along with its high thermal 
conductivity, high specific heat as well 
as resistance to heat makes it possible 
to use beryllium compounds as a 
heat-sink material especially in light 
weight, high performance aircraft 
brakes and missile re-entry vehicles. 
The metal is also used for making 
rocket engine nozzles, switch gear 
components, etc. 

Parts made from beryllium are cap¬ 
able of maintaining high precision and 
stability of dimensions. This makes it 
an ideal material for precision naviga¬ 
tional aides fur aircraft, spacecrafts, 
missiles and submarines. Beryllium is 
also considered an important material 
for space optics. Along with other 
properties of beryllium its ability to 
accept optical polish are very important 
considerations in both scanning mir¬ 
rors and large mirror components of 
satellite optical systems. 

Because of its propr’tie.s beryllium is 
an ideal choice as a structural material 
in the aerospace programme. Theore¬ 
tical weight saving that can he achieved 
by using beryllium may range for 30 to 
more than 60 per cent depending upon 
the structural material. 

Beryllium possesses an excellent re¬ 
sistance to metal fatigue and corrosion. 
It can also retain its elasticity over a 
wide range of temperatures. While 


automobile springs made of ordinary 
carbon steel break after 800-850,000 
impacts, beryllium springs can with- 
stand 14 million impacts without any 
signs of wear-and-tear. 

Most metals tend to absorb X-rays 
and hence can best be considered 
translucent. But beryllium is transpa¬ 
rent to X-rays and transmits them 
some 17 times more efficiently than 
aluminium. Hence it is increasingly 
used for the constru-.'lion of windows 
for X-ray tubes 

Beryllium oxide is used in the manu¬ 
facture of high-temperature refractory 
material and high quality electrical 
porcelains such as aircraft spark plugs 
and ultra high frequency radar insula¬ 
tors. It also finds use in electrical and 
electronic fields. (Iraphite crucibles arc 
coated with beryllium oxide to avoid 
contamination of melted alloys with 
carbon. Beryllium oxide crucibles are 
used where exceptionally high purity 
and reactive metals are being melted. 

Beryllium metal powder has one of 
the highest heat of re.iction of any 
element; it may he mixed with oxidiz¬ 
ers and binders in liquids, solid and 
hybrid type of high-energy propellants. 
Solid propellant motors containing fuel 
mixtures of beryllium have been made. 
Promising applications ol beryllium are, 
in high speed process machinery for 
stiffening other metals or plastics in 
composites and as cryogenic conductor 
for transmission of electrical energy. 
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One of the most exotic future applica¬ 
tion of beryllium is for making im¬ 
plantable light weight artificial heart, 
driven by a thermionic generator. 

Cu-Be alloys have unique character- 
yistic that lead to a variety of applica- 
Ttions. The most important are high 
'electrical and thermal conductivity and 
the ability to be precipitation hardened 
to high tensile strength. Tlie important 
Cu-Be alloy is one which contains 
about 2% beryllium and 0.25% cobalt. 
The alloy is ductile and when heat 
treated attains great strength. 

Toxicity 

Recently, some of the ailments of 
those working with beryllium have 



been specifically attributed to contact 
with betyllium and its compounds. The 
term ‘berylliosis’ is used for this. Acute 
berylliosis causes irritation of the re¬ 
spiratory tract with pneumonitis. The 
symptoms for chronic berylliosis are 
less clearly defined; they usually in¬ 
volve loss of weight and appetite. 



coughing, weakness etc. Ifowever, safe 
procedures have been developed to 
protect those working with beryllium 
so that its toxicity need no longer affect 
the workers and hinder manufacture 
and fabrication. 

The Indian scene 
India is among the few countries 
having fairly large deposits of the 
mineral beryl. Definite demands for 
beryllium metal and its alloys and 
other beryllium compounds have been 
identified in the country’s programme 
in space science, nuclear engineering, 
electronics and other allied branches. 

Considering the raw material re¬ 
sources and potential demand for be¬ 
ryllium products, research and de¬ 
velopment programme was undertaken 
several years ago at the Hhabha Atomic 
Research Centil with a view towards 
creating a ba.se for the production and 
fabrication of beryllium metal and be¬ 
ryllium copper alloys. Investigations 
have also been carried out on the 
sintering of beryl ore with .sodium 
silicofluoride at the National Metallur¬ 
gical l,aboratoiy and on the prepara¬ 
tion of beryllium metal by the elec¬ 
trolysis ol beryllium chloride at Insti¬ 
tute of Science, Bangalore 

Fluoride prnce.ss for ore processing 
was chosen over the sulphate proce.ss, 
for its techno-economic advantages. 
Magnesium roduction of beryllium 
fluoride was adopted as the process 
capable of producing beryllium metal 
and copper-beryllium mj.ster alloys. In 
a special laboratory set up with all 
recommended safety measures, exten¬ 
sive inve.stigation aimed at optimising 
the proce.ss parameters of each .step of 
the process were carried out. These 
formed the basis ol a pilot plant which 
has now been set up at Vashi. New 
Bombay to produce vacuum hot press 
ed beryllium blocks and coppei--2/ 
beryllium alloy ingot for catering to the 
immediate domestic need. The beiyi- 
lium pioeiiimme in India h poised for 
sUavU urowtli I 

ih // s \huio fs Stutiftfii nftki.r with thk* 
Chemisttu (Jwismn of fi \I . Ttnmhav. 
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Power transistors from the Keltron supermarket: 


KELTRON 
CO MPONE NTS 

THE 

ELECTRONICS 

SUPERMARKET 


You name it, we have it Devices in 
TO-3 TO 66, rO 39 and rO-18 Both 
NPN and PNP types Current (.apacity 
upto 30 A Power ratings Irom 14b MW 
to 1 bO W Voltage ratings from 20 V 
tolbUOV rransitiorrlrequoncy 
upto 550 Ml Iz i!N 3055, BU ?0b. 
PN3773, BD 115, BC 177, 
oven BU 326, BU 536, BU 208 D 


Reqd OMii-’ ' Khi.iIj y.iio HeritotHCs Devi*lopirn>'>lCr>tpornlion ltd Ki’limn House, Velldy^inibniam, rnv.'tndium 69b 001 Tekiphooe 
60t>/I h‘in^ 1 ‘uU i f* bD',/IN lelegnni bLKLTRONIC 

Bidnil’Mlf ■ iU!.’/\ (\)«)ikiiri«.htirnhfjrs, IAnoie Hoad Wofli, BorTibdy4n0 0Ui Telephone 89345^ 39744^ Telex U11 

5t3r» I ('log I in- Kl ' f ! 45 ( Haik Slreel (.Calcutta 7 OU (JIG Telephone 245834 213200 Telex 021 2207 Telegram 

IHyTm'U'Iv ' ( iiriismiiMtv (ajntrc 2ncl I-loot, Saldarjunq tndave, New Delhi 110018 Telephone 662193, 662194 Telex 031- 

3774 IHograrn I Sudarshan Building 86. Chamiers Road, Madras 600 018 Telephone 442310 Telex 041-7632 Teleqiam 

KELMAD [?.Cenloni^rvRiiiiding 28, M G Road Bangalore 560 001 Telephone 564492.564528 Telex 0845-746 Telegram KELTRON 
n?4/2G3.SviidnCt.uf( IiHokI. Iiivd‘idium69501C) Telephone 60241 lelex 0884 2R3 Telegram fLECTRONICCTa 4 49? TirstFloor 
Bdrl<.itpui.i. llvdt'ral-MUM'crj^/- lolephone 6378G Telegram KELIRONrj67. Pritamnagar Mangaldas Road Ellis Budge, Ahrnedabad 
380 006 lelophone /986^ Telegram KELTRON . 

II - .. - 









How to beat the heat? The orbital height of 900 km and inclination of 99" coupled with 'he 
Earth's equitorialbulge lead to an IRAS orbitalpncesnion of day \ Thus the satellite aiwuvs 
keeps in the twilight between wnlit and darkened portion of the Earth. Also by pointing U.e 
satellite radially away from the Earth the cold telescope is more easily shielded from the heat 
loads of the Sun and Barth while ptoviding a natural scanning motion across the entire sky in 
about six months 


listed about 50 candidates for deeper 
study. 

Dutch astronomers who studied the 
i IRAS data, lound ttiree partial shells of 
material around the hoary star Be- 
telgcuse. Also known as Alpha Ononis, 
this star is nearing its end as a red 
supergiaiit According to Harm Hab- 
ing, an astronomer from Huygens 
Laboratory in the Netherlands, the 
stiells were formed during the stellar 
blow-ups and collapses that Be- 
telgeuse witnessed during the last 
1,0(1.000 years Parts of the shells were 
lost due to intcrstellai diag exerted bv 
cosmic dust and gas Incidentally, the 
name BetclgeU'^ is probably derived 
from an Arabic pluase meaning “the 
Giant's (Orion's) shoulder . 

In the dark teaches ol interstellar 
space. 1RA.S also revealed laige collec¬ 
tions ol giaphitic dust. Called cirrus, 
clouds because of their resemblance to 
the wispy, high-altilude clouds on 
Earth, ttiese were desciibed as "a new 
component in the galaxy, not suspected 
before” by IKAS Science Teanr. Chief 
Neugebaucr. Becau.se graphite absorbs 
heat more readily than ordinary silicate 
dust (of which the inner planets are 
made), lhe,se cirrus clouds were found 
to be quite vv^arm—some 35 degrees 
Celsius above absolute zero. 

Heat also was the tell-tale sign of 
«small clouds o( dust that hid within 
their hearts baby stars. These so called 
Bok Globules which dot the Milky Way 
wete earlier thought to be too punv and 
cold to sire stars. But the sensitive 


“eye” of iRAS did respond to the stirring 
warmth of nascent stars within them. 
Many of these stellar nurseries, dense 
masses of gas and dust, are normally 
invisible against blackness of space. 
But brightness in the infrared region 
gives them away. litAS found signs of 
star formation in one-third of the small 
dark, clouds previously thought to be 
dormant! 

An important example of the new 
nurseries is a small cloud called Bar¬ 
nard 5. IRAS found in it four new 
sun-like stars. One of them was rough¬ 
ly of one solar ma.ss. Newborn stars 
previously reported have all been furth¬ 
er away than Barnard 5 or much, much 
larger than the Sun. Says Thomas 
Soifer from the California Institute of 
Technology: ‘‘Although to some extent 
we are seeing what we expected to find, 
we are seeing lots of new regions of star 
formation within our own galaxy, in 
eluding some we only suspected he 
fore.” 

Our Milky Way galaxy generates 
about one new star a year and gives out 
equal amounts of infrared lieat and 
visible optical energy. But lKi\s found 
that our nearest neighbour (and simi¬ 
lar) Andromeda galaxy puts out only 
three per cent of its energy as infrared 
radiation. Infrared luminosity is usual¬ 
ly a good indicator of the rate of star 
formation. Thus our galaxy is obviously 
more fecund than Andromeda. But the 
question Soifer asks is: “Why do appa¬ 
rently similar galaxies have different IR 
rates?” 


IRAS IN WONDERLAND 

Continued from page 63 


Indeed, ikas delected galaxies that 
put out ten or even 50 times as much 
heat as light. Is it because they are 
spawning new stars at an enormous 
rate? According to Soifer, .some of these 
prodigious emitters appeared skewed 
and had peculiar shapes, indicating 
that they have been affected by neigh¬ 
bouring galactic gravitational pulls. 
That in turn could have set off an inner 
collap.se leading lo a frenzy of star 
formal ion in the mass being com¬ 
pacted. 

More intriguing weio mysterious 
galaxy-like objects that apparently had 
the temperatures of galaxies but 
seemed lo be radiating more than 100 
per cent as much infrared as optical 
energy “But the IRAS has no way of 
determining how far beyond llie solar 
system these uRidentified objects are,” 
reports Discover. “They could be com¬ 
mon little dwarf galaxies, very 
clo.se.. that wouldn't amount lo a hill of 
beans, or ttiey could he very distant 
galaxies." 

This only illustiates the point that 
the infiared sky is unexpectedly more 
complicated, “On a given day, the IRAS 
detector array would generale 100.000 
detections per day," says John Dux- 
bury, Coordinator of the data proces¬ 
sing effort from ij*l And only 20 per 
cent are real, .stationary sources you 
want to retain.” As said earlier any- 
tliing can cause a blip in the detec 
tors stray moonlight, giant gas 
clouds, errant .satellites, ewn du.st 
motes knocked orf hoin the iRAs .solar 
panels hy micro meteorites' It is prob¬ 
lem described as an “embarras.smenl ot 
riches" (which, incidentally, required 
JOO-man year.s r^f software development 
at the piocesMiig laiulty) 

For all that nightmarish ' amount 
of data generated by lltAS, the astro¬ 
nomers are only hungry for more NASA 
IS planning a more powerful infrared 
telescope the Sfiuttle Infrared Tele¬ 
scope Facility (SiRTD, which will be 
flown in the 19905. However, you will 
still be hearing a lot from the canned 
tapes of the iRAS over the next several 
years... □ 
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BECAUSE MATHS IS FUN 



A seciioti of the pertlcipents of the ‘•Moths Olympiad-84 held at the Endian institute of Technology, Bombay, In February 


O LYMPIC games, summer and winter, 
are held every four years. The disabled 
have their own Olympics. There are also 
chess Olympiads. But are you aware of a 
'Maths Olympiad? 

“The Mathematical olympiad" has 
evolved from the Eotvos competitions, the 
first of which was held in J894 by the 
Mathematical and Physical Society of Hun¬ 
gary in honour of its founder and president, 
the physicist Baron Lorand Eotvos (SCIEN¬ 
CE TODAY, January 1980, p. 55). These 
contests, with a slfghtly different name, are 
held every year and the first place in the 
24th International Mathematics Olympiad 
held in Pans recently was won by a six-man 
team from the Federal Republic of Ger¬ 
many. The team was followed by the US. 
Hungary, the USSR and Romania. What 
about India's participation? 

For a country which so proudly talks 
about Its contribution to the development 
of the mathematics in ancient times, we are 
nowhere near the international scene. Even 
at the national level, there are no concerted 
efforts made so far to hold such an event. 
Only at a regional level, the Mathematics 
Association of the Indian Institute of Tech¬ 
nology (HT), Bombay, conducts “Maths 
Olympiad". Why does mathematics elicit 
such a lukewarm response in our country? 

I'his may be the result of a wrong but 
popular notion that mathematics is a dry 
and dull subject that racks the brain rather 
than stimulate it One of the objectives of 
the IIT Maths Olympiad is to set right this 
wrong thinking and to cultivate interest for 
the subject among youngsters. 

Surprisingly, the event has received over¬ 
whelming response and over the years the 
number of participants have increased sub¬ 
stantially. In 1979. when the Olympiad was 
held foi the first time, 425 students partici¬ 
pated. This year, when the contest was held 
at IIT, Bombay, in February, there were 
more than 1,000 participants. Clearly, the 
youngsters aie interested in mathematics 
and are eager to make their presence felt at 


international levels. Thus, to some extent, 
the objective of organising the event has 
been achieved. 

The "Maths Olympiad" also aims at 
discovering mathematical talents among 
students in and around Bombay. The thrust 
of the test is to assess how fast and 
accurately a participant is able to apply the 
basic principles of mathematics to the 
problems given. The problems are chosen 
from basic calculus, algebra, geometry, set 
theory and elementary piobability theory 

The test consists of 50 objective type 
questions with multiple choice answers to 
be solved in 90 minutes. There is a scheme 
of negative marking for wrong answers. 
This is to discourage the tendency of 
illogical guess work. A right answer carries 
two marks, a wrong answer one negative 
mark and the unanswered question carries 
zero mark. With the consent of the organis¬ 
ers, we reproduce here the 12 most in¬ 
teresting questions from the recent Olym¬ 
piad. We have avoided the multiple choices 
to enable you to arrive at a correct answer 
using the correct method. Try and solve the 
questions and see where you stand. Answers 
with necessary hints are given on the next 
page in reverse. 

1. There are 11 numbers. The average of 
the first six is 70 and the IcLst six is 80, 


while the average of the first five is 80 
and that of last five is 76. What is the 
average of all numbers? 

2. A circular fort of diameter 6 km has two 
gates only. One in the north and the 
other in the south. A great Oak tree is 
standing 2 km north of the north gate. 
What distance must be covered by a 
soldier walking east from the south gate 
to see the Oak tree, without obstruc¬ 
tion? 

3. A vessel contains a mixture of wine and 
water. Had there been a gallon more of 
wine and a gallon less of wafer, the ratio 
of wine to water would have been 7:8; 
but had there been a gallon more of 
water and a gallon less of wine, this 
would have been 2:3. What was the 
original mixture in gallons? 

4. Mr. G. Mohan lives in a bungalow with 
his cousin and 4 servants A. B, C and D. 
One day he finds that a sum of Rs 
100,000 IS missing from his locker. 
After considering the situation he con¬ 
cludes: ]. If A IS a thief, then B must 
also be one. 2. It is not possible that 
both B and D are responsible for 
stealing the amount 3. If D is not 
responsible for the theft then C must be 
the thief. 4. If his cousin is not a thuf. 
then either A or C must be 5 He is 


Looking for a solution ... 











Answers: 


1. The sixth number is counted twice if we 
add sums of first six and last six. white the 
sixth number is excluded if we add sums of 
first five and last five. Therefore, if sll the 
sums are added then all the eleven num¬ 
bers are counted twice. 


dVfVcige 

(6 - 7 0 1 ^f6>'80) > (5^80Kr)^76l 
2 ? 

- 76 36 


2. / ACF and AAED are similar 


Therefore, 


KDE) i(AD) 8 


f 2 


'I(CF) KAF) 4 
Therefore, KDE) 2IICF) -2<3 
- 6 km 



3. Let the original ratio of wine . water be 
X ■ y 

, X f 1 7 , X- 1 2 

Therefore,-; „and —: 

y - 1 8 y M 3 

After solving we get x+y = 30 gallons. 

4. There are five statement^ If we read in 
reverse order the thief can be identified He 
is convinced C cannot be the thief. There¬ 
fore, either A or hts cousin may be thief. As 
C is not a thief D is responsible. Hence B 
cannot be responsible As B is not respon¬ 
sible. A cannot be the thief. From this it can 
be concluded that his cousin and D are 
responsible for the theft 

5. AAPQ and /.ABC are similar ..Ss 

Therefore A 

HAP) . /AreaofAPQ ./T 
IIAB)" V AreaofABC" V 2 
Therefore, 

MAP) 1 
l(AP)4l(PBl“y2 
Therefore, 

l(AP) 1 B C 

liW *72 - r ^ (dividendo). 

6. Let the ratio of unequal arms be x ’ y and 
the sugar weighed be Wi kg when 1 kg is 
placed in left pan. Therefore. Ixx^Wiy. 
therefore, W, -- x y Let the sugar weighed be 
Wjkg when 1 kg is placed in right pan. 



Therefore, Wjxx-I^y, therefore.■*-y/x. 
The total weight W^Wii-Wy 

xT 

As x'4y^>2xy, sin'.e x^y. the weight of 
sugar will be greater than 2 kg 

7. The total number of people taking milk is 
13 and 2 take only milk Therefore, 11 take 
milk With tea or coffee or both The sum of 
numbers of people taking (tea and milk) 
and feoffee and milk) include the group of 
people taking all three Theiofore, 
104 6 11-5 people take all the three. 

8 There are 20 multiples of 5 which when 
multiplied by an even number would pro¬ 
duce at least one zero each Of these 4 
multiples are o* 25 Mamoly, (25,60.75,100) 
when multiplied tav 4,8,12 (any of 4n type) 
would produce an additional zero Thus 
there will be 24 zeroes at the end of the 
product of first 100 integers. 

^ Foul men stay m first 2^-16 rooms and 5 
men stay in first 2"- 32* rooms that is the 
fifth man stays in any one room numbered 
17th to 32nd Hence the probability that the 
27th room is unoccupied will be 15/16 

10 Let there be p pigs, s sheep and c cows 
Therefore, p*-sic-20 and 5p+3s-*-17c-198. 
Eliminate p to get 6c-s=49 As all are 
integorj greater than zeio, c cannol be less 
than 9 Put c-9. therefore, s -5 and P- 6 
(also c cannot be greater than 9 as p ^ s 4c 
- 20 ). 

11 Let the distance AC be 'S' covered in t 
sec. Therefore AB-25 is covered in 3t sec 
Therefore. 2(uH-l'2 atO- u(3f) *-1'2a(3t)^ 
therefore, at - putting this value m the 
equation 7-114*3 at, we get u- 7V 

12 Let the reduction in speeds K/n, 
therefore, (24-20)“Ky4. therefore, K^2. 

Reduction in speed cannot be more than 
24 mph 


••'pdsqjiuim 0} euifx 



Therefore, /n cannot be greater than 12, 
therefore, n *143 
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(M) supd aqi jo auo uo iqlfiaM 
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Plipjpd UMPjp s; au;i p ^gy a|SfuP{Ji p uf ‘g 

inoK 

upo jaiqi aqi puij 01 ajqe si an ‘jaiqi 
p aq 10UUP3 3 ipqi paauiAUoa i<||puij 



J. • Isotropic: B; Equivalence of 
properties of a material in all direc¬ 
tions. An isotropic material will trans¬ 
mit elastic waves at the same velocity 
independent of direction. Isotropic 
minerals—those crystallising in the 
isotropic system—will transmit light 
at the same velocity in all directions. 
The condition of isotrophy is con¬ 
trasted with anisotrophy, in which 
preferred directions of wave transmis¬ 
sion do exist (iso-t- Gk. tropos- turn) 


Isotonic: C: j(l) Having the 
same tonicity. (2) Having the same 
osmotic pressure on opposite sides of 
a membrane, said of solutions, espe¬ 
cially blood or plasma: distinguished 
from hypertonic also iso-osmotic, de¬ 
noting a muscle which contracts 
against a small but ur^iform tension 
or the curve of such a contraction. (3) 
Music pertaining to, characterised by 
or having equal tones (Gk. iso - 
tonous '- having equal accent or 
tones). 

3» Isoclinic: C: Corresponding to 
equal values of magnetic dip. Isoclinic 
line (Geophy). A line connecting 
points on the earth’s surface which 
have the same magnetic dip. Also 
known as isoclinal (solid state). A line 
joining points in a plate at which the 
principal i^tresses have parallel direc¬ 
tion 
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An laobur durt of the worid 

3o Iiobar: B; (1) A line connecting 
points at equal pressure, such as that 
which appears on a meteorological 
chart. The pressures on such a chart r 
are not observed pressures but are 
corrected for elevation i.e. to sea 
level. (2) One of two or more nuc- 

3m Isodosc: A: A curve drawn on a 
chart of an object, connecting points 
receiving equal doses of radiation 
(dosis: gift or give). 

So Isomcra: B: The laws of 
chemical bonding sometimes permits 
a given set of atoms to be combined in 
more than one way, so that two or 
more substances may exist that have 
identical chemical composition but 
different atomic arrangements. Such 
substances are called isomers and the 
phenomenon is known as isomerism. 
The term was derived in 1830 by a 
Swedish chemist Jous Jacob Berze- 
liurs, probably from the Greek words 
isos ( same ) and meros ( part). 




leides which have the same mass 
number but which differ in atomic 
number (Gk. isobars of equal weight 
as Iso - baros - weight). 

7 0 Isochromatic; B: Pertaining to 
lines connecting points of the same 
colour. Pertaining to a variation of 
certain quantities related to light 
(such as density of the medium 
through which the colour or 
wavelength of the light is held con¬ 
stant). 



laomen of bliychallaaea H 


JX 



sides of equal length (isoskeles • equal 


legged ^ iso. equal -i- skelos : leg). 
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Muscle-maklag magic at work: 
homoMc exercises 


laothermal: B: (1) Having the 
same temperature (2) Designating a 
layer of atmosphere lying above the 
region of convection also called stra¬ 
tospheric (3) of or pertaining to an 
isotherm. Isothermal processes are 
those conducted without any temper¬ 
ature change. (Gk.therme - heat). 


10 m Isometric: B: Of equal mea¬ 
sure, without change of shape (draw¬ 
ing) with plane of projection at equal 
angles to three principal axes of 
object depicted. (Physiology of mus¬ 
cle action), devoloping tension while 
muscle IS prevented from contract¬ 
ing, isometrics system of physical 
exercises in which muscles are caused 
to act against each other or against a 
fixed object (Gk. isometria as 
isometry). , 
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nternational Quality Oscilloscope 
for the Servicing Professionals! 


The lr.-45 Oscilloscope weighs lusl 
Kg and easily Ms into .1 tO(jl hnx jr 
briefcdse. I! measures only 33 
ems And has the capahilily neeJetJ for 
on Mie service of rtiuch of todriy s 
rompipx ei^uipinen! This versalilf' uI!m 
portable sr. ope h.-is 3 1 b MH/ 
bandwidth ? rriV/div see.sitiviiv and 
0 ^ us duv t Hlihiafed swrrp cdli- 
ivjf kerl iri an all alurriiniu'n raM* 

I hr* If- 4''t CMH hf IJI.CUl in j /''ill.' 

assorlrnf.'nt i)t aurilK cit'f)ns F fji 

I'XtjiMpU' Cl' ticiTU’sorvic' • Pi f~/)j,)i]r iV 

rpf (»i\/fr^ s wri'Shiii't nin-' hiiu 

si'Vi/irv) int3( hiiM'b.pli, It r an Ijc 'iM’iI uir 
siTVicrut and ipstijllinn tfi- ■ roi'iiilr-N 
nk'i'trunic rpr.trpispf pajs-■'ii'^s 
i)ili' ■ ‘ ncjpt.JiKi'[jispinv f f ■rriiin,i;‘. 
rci'-’.h Rr'Qi'-,tt'rL3. XPff'\ manhinf'- aPij 
niif'ro Lurnputi'TS paranns ran 

use It lu: scTvii irp of L lecttonif idniiK^n 
Systems and inipoitud dashlmdid 
instruments Modern tor.l lonms i an 
use? It toi seivinny and rPdintenar'ro of 
numerical controls of millinq rnar-hint'S 
lathes oti. 
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IDEAS AND INVENTIONS 


Folded 

T he disadvanlage of fluorescent tube- 
lights is that their straight tubes, exter¬ 
nal starters and bulky, current-stabilizing 
ballasts make them suitable only for wall or 
ceiling fixtures 01 late, manufacturers have 
been putting out slimmer tube-lights 
having a lower power consumption. 

However, even more compact tubes with 
folded or round shapes, which can be 
screwed into lamp sockets, like bulbs, 
are being developed by manufacturers in 
Europe and Japan. The fluore.scent lampscuse 
high-efficiency. rare-earth phosphors 
(Phosphors are chemicals that absorb 
radiant light of a given wavelength and 
re-radiate at longer wavelengths. In con¬ 
ventional tube lights, mercury is vaporized 
to give off short-wave ultraviolet light 
which on striking the phosphor-coated 
tube IS converted into visible light). The 
new phu.sphors enable more light to be 
produced from the small diameter tubes 
than IS possible with the le.ss efficient, 'cool’ 
phosphors in the standard larger tubes, 
electronics has replaced the bulky control 
gear and reduced power dram. 


fluorescents are coming 



TMm compact fluorescent 
has an integral starter and 
ballast plus a screw base. 
The tube is double-folded for 
a longer discharge path. The 
sealed outer globe has vents 
at top to keep the inner tube 
near optimum temperature 


The new compact fluorescents use folded 
or specially contoured tubes to ensure a 
long discharge path within the confines of a 
small space. Kor peak efficiency, the glass 
temperature must he around 40"C. To 
ensure this, cooling zones have been cre¬ 
ated in some of the models by means of tube 


joint*^ and bends One model, the Miser 
Maxi-Light, even dispen.ses with phosphors, 
light IS produced via an arc discharge stiuck 
through metal halide vapours inside a 
quartz tube. The 5.S-walt Miser Maxi-Light 
gives 2250 lumens-- about as much as a 
150-watt incande.scent lamp 


Hybrid micro circuits for space 
applications 

YHRIU micro circuits (HMCa) have been 
developed by the Central Electronics 
Engineering Institute, Pilani, u.sing thick 
film technology. A . HMC is a small, encap 
suldted module containing an electronic 
circuit on a substrate Units have been 
supplied to the isiu) Satellite Centre. Banga¬ 


lore for use in .SRiiss- 1 . the next Indian 
satellite to he launched in 1984 85 from 
Sriharikota 

The thick film technology consists in 
screen-printing conductor and resistor inks 
on to a flat ceramic substrate to form the 
basis of an electronic circuit These inks 
when fired become an integral part of the 
geometry to give a desired resistance value 




and tolerance. Furthei circuit elements, 
active and passive, may then be added to 
complete the circuit Semi-conductor chips 
are mounted directly on the substrate and 
wire-bonded to the conductor. These semi¬ 
conductor devices may be simple diodes or 
LSI chips. Alternatively, miniature packaged 
components can be soldered or epoxied to 
the substrate. 

Helicopter sans noise 

A BRITISH prototype for a high-stealth 
photo-reconnaissance plane is designed 
to offer the slow flight of a helicopter 
without the noise. It can't quite hover, hue 
it can fly at 80 kmph and operate from short 
.strips Called the Optica, its wasp-like waist 
enables air to be drawn info a large, 
shrouded pusher-propeller. 

Medicine bottle that remembers 

A n American engineer, Bart Zoltan, has 
invented a medicine bottle that records 
the date and time when it was opened last. 
Quite handy for those patients who are 
forgetful or too til to remember, cap. as it is 
called. IS expected to be on the market this 
year 






Oscilloscope with automatic 
time range 

O scilloscopes are universal measur¬ 
ing devices which have become indis¬ 
pensable in both analog and digital applica¬ 
tions. A dual-channel oscilloscope with new 
automatic time range feature isi the latest 
ij^ddition to the family. It has a front panel 
with colour coded sections permitting swift, 
error-free operation so that even inexperi¬ 
enced users can handle it efficiently. 

The oscilloscope contains an automatical¬ 
ly focussing picture tube producing clear 
sharp images, by means of which the 
measuring signals are displayed on an 8 x 
10 cm screen. The screen surface is suffi¬ 
ciently large and bright for the finest details 
to be recognised even with the highest 
resolution. In both channels the user can 
produce “static images” as both signals can 
be triggered independently of each other. 

In addition to the standard time base, a 
second delayed time base is available with 
which any non-expanded part of a signal 
can also be displayed in an expanded form 
This second time base can be triggered 
separately and produces a static image even 
with non-correlating signal components. 

The new oscilloscope is suitable for use in 
all measuring and test stations in research 
and development and also in commission¬ 
ing, service and repair of all kinds ot 
electronic equipment. It is a compact unit, 
and includes electric protection against 
operating errors. Its low weight of 9.6 kg 
makes it easy to carry it to different 
locations. 

Parboiled rice sans odour 

T he new pressure parboiling technique 
of preparing parboiled rice (selti) of¬ 
fered by the Central Food Technological 
Research Institute (CFTRIi. Mysore, saves 
time and co.st. and has higher turnover than 
existing techniques It also dues away with 
the bad odour as.sociated with parboiled 
nee. 

The method consists in merely wetting 
the paddy, follmed by steaming at a 
pressure of about 1.U8 kg/sq cm. The 
resulting parboiled rice i.s gelatinized only 
partially and has a small *white belly'm the 
centre, which is needed for rea.sonably 
quick cooking and for reducing discolora¬ 
tion. Complete gelatmization must be 
avoided in pressure parboiling. 

4 The process is a modification of the 
technique originally developed by the Paddy 
Processing Research Centre, Tiruvarur 
(Tamil Nadu), which involved soaking the 



The duai-channei oscilloscope, incorporate 
ing a new automatic time-range feature 
with which measuring signals can be 
represented with a resolution from 1.5 to 5 
periods 

paddy for about 30 minutes in cold water 
and then steaming at 2.16 kg/sq cm for 15 
to 30 minutes. 

Both the hot-soak and the pressure 
parboiling methods have overcome the bad 
odour of parboiled nee produced by the 
traditional method which involved soak¬ 
ing 20 to 50 tonnes of paddy in water in 
underground cement tanks either at room 
temperature or around 40"C for three to 
four days or 1.5 days, respectively, followed 
by open steaming in 150 to 700 kg lots for 
three to eight minutes each. 


Khoa-making equipment 

A n easy-to-operate, fuel-efficient equip¬ 
ment to ensure kbna of uniform quality 
has been developed by the Engineering 
Division of the National Dairy Research 
Institute. Mangalore. 

Khod is an important ingieJient of Indi¬ 
an sweets, prepared by evapuraling water 
from milk until tlic total solids have 
increa.sed from 70 to 75 per tent in small, 
shallow, round-bottomed iron pans placed 
over a brick fire, the milk is stirred 
constantly until it becomes viscous. 

The equipment consists of a stationary', 
mild .steel jacketted drum with inside rotat¬ 
ing blades and a foam column at the top of 
the drum to accumulate the raised loam 
during boiling The blade is in contact with 
the inside surface of the drum and is rotated 
manually One kilogram of milk can be 
converted iiiio kbua in 7 5 minutes 


Recording rainfall at remote sites 

E ven an instrument su e.ssentially sim¬ 
ple as the ram gauge has been trans¬ 
formed by the application of microeleclro 
nics. The Digital Recording Ram Gauge 
announced by a British firm allows water- 
supply authorities, river and drainage 
boards and national weather service.s to 
record rainfall accurately at remote sites 
where frequent visits are impo.ssible. 


One version of the instrument has a 
built-in electronic memory which can re¬ 
cord the total daily rainfall each day for 
more than three months. Another version 
can record the exact times of day at which 
ram fell, again over a period of several 
months. Alternatively, the pulses produced 
hy the instrument are suitable for automa¬ 
tic transmission by radio or telephone link 
to the headquarters of water-control au¬ 
thorities. giving them immediate informa¬ 
tion about heavy rainfall and providing 
advance warning of flood danger 
The upper, funnel section of the gauge 
(shown removed m the photograph) col¬ 
lects ram tailing through an aperture of 
precisely 400 enV, and channels it via 
flow-moderating device to a ‘tipping- 
bucket' mechanism below. Ram flows into 
the upper half of the divided bucket until, 
when this is full, the mechanism tilts like a 
see-saw, discharging the collected water 
and allowing the other half to begin filling. 
The alternate filling and discharging con¬ 
tinue so long as mm is falling, and at each 
tilt a magnet closes the contacts of a 
reed-switch, which emits a pulse. Each 
pulse can represent 0.2 mm oi 0 5 mm of 
rainfall 



This electronic rain-gauge can operate for 
more than three months unattended 


The base of the gauge can lonhiin a 
battery-powered and vveattierprool eleclro- 
nu memory This counts the puLscs for 
each day. and every 24 hours records the 
total and starts a new count When the 
gauge IS eventually visited, the daily totals 
are displayed in turn on a digital liquid- 
crystal counter, which is then zeroed for 
re-use 

Alternatively, the firm offers a weath¬ 
erproof on-site data logger. Thi.s records the 
time of every pulse in a removable solid 
state memory module. Every few month.s 
the module is exchanged and the recorded 
informaMon can be printed out by com¬ 
puter. 
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Viewpoints 

^ Darn page 

Inal oul as a part at preventive mr.iMiies tor terlain 
pswholrjftn.al atfliclions. li'nlnrlunalelv. jiirN plav less than 
biAs in all elas.ses nl snciely as Ihev liave tn beat the 
ailJitmnal tLspon.sibilities of either workinjj or looking after 
the younger members ot the familv These are also the 
leasons why Ihev tliH(mtiiuie then eiliieation and drop oul 
(rom sehools at an earlv age 

Signiliainllv. the Demoet.itK IVople n hepubliL ol 
lv»tLa acioids the Inghest prif»ril\ to health care and 
wUI-being o| its must precious possessum. the children At 
all levels llie attempts ate to ^ee that the children grow well 
tiiul legularlv in total fiaimoiiy with the environment 
We have a l(»ng wav to go m ptovidmg health lor all our 
children. M\ the investments m child health ultimately 
leads to impiovid social development, pioduetivitv and 
better i|ualitv (»1 liie Improved edcu at ion health and s<»cial 
status ot W(»men m general is an issue tundamental to the 
health ol ihildtcn and soeietv 

l l^^^tlv mtetiilated to this l^sue i.-^ the concept (»t 
aiualitv luj all A basic livel ol health care is the right ot all 
pit'pk and not onl_\ oi the privileged W\\' or tor the urban 
pupul.ili* n The leceiil i-mphasis on high teelinologv and 
hi" hospiiMl ups m i^untrasl h» near (a complete ahsenee 
ni pnman Inaltli e.iu svslem in several ot oiii villages and 
pLuis. and even in our cities is proving to be 
(.il.isijnph lei*- taue il waw .it kasl the high tech. 
•■(‘‘Ivni modi I whki) wl lia\i ailupled is not tor us We 
iiri'i huild a slioiig pjimar'x health c.ue system t«i suit our 
u\.!i iulJi \:ill) eieater emi'ha^i' on preventive and 

id'Uatix^L nuasiius 

In nakliiMuii a iliiids health is il>, legilimale right 
IliiSL au Hk HL’hls wiikti the i\ luiiiialh raognised m 
!'• .iiiJ - hivti lia i been ralilied Iv all I \ memhers The 
i.'iunex' \- and ai Jiiuus fUll there s n«» wa\ oul. lor oui 
kilui ‘ dt pends nil il 

Simin Irani 

/»’ lur'i I 'I '•/ ihujui iit the ir S ^U‘du>il 

(fdh /. ii'Hf fhr l\ / '/ fhwitiil Piifit HnrnKii/ ^he t iw tdi cdtri 

yi'ientl II - I ttn.l /'•/>;». m / ‘tfnutfdfhn^ and ihtrnaUdt/yu a;?i/ in o 
nuniK} nf tfh ^ctnixitfdnau iorwn nt Indut 


If your ward 

Has passed or studying in Intermediate 
or 

Has passed or studying in Matric 
Inspire him to Appear in 

National Talent Search 
Examination 

& 

Advise him to Prepare from 

UPKAR GUIDE 

By 

Dr. Lai and Jain 

1. National Talent Search Exam Class X 

English Version Hindi Version 

3Sh 35/-- 

2. National Talent Search Exam Class XI & XII 

Arts Group 40/- 40,- 

Science Group 30/- 30/ 


The Book will definitely pave the 
way of success Because 


It iiu ludvs every aspect ol the Syllabus meant for this 
examination le Mental and E.ducation.il Ability Test, 
Physics, Chemistry Biology. Economics, Civk s, 
Geogiapliy, History, Mathematics etc 

Previcms ve.irs solved Papers an* €rlso given 

Ask .iiiv lu'okisfilUM III voui Uiwn or write to Ub (»n the addiusb 
I liven III'low 

Upkar Prakashan 

?/ll A, Swadeshi Bima Nagar, AGRA - 282 002 
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Colgate's 
Trusted formula works 
to give you clean, 
fresh breath... 
strong, healthy teeth 
every time you brush. 


Here's how: 




Odour- and decay-causing bacteria 
grow in food particles trapped 
between your teeth 

■■■■■I Colgate's unique active foam 
PTo I*'? '] reaches deep to removfj dangerous 
Toi.o] food particles and bacteria 

pilHII^H Result Fresh breath confidence, 

[ I I ] j protection against decay, 

1 strong healthy teeth 

Remember to brush with Colgate Dental Cieam 
after every meal* Stop bad breath fight tooth decay 


You'll love its fresh minty taste! 






SKY CHART 



SKY IN APRIL 
Mars becomes retrograde 

Earth ib now gradually approaching On 5 
Mais* In their respoclfve orbiLs, thev are begir 


1 Mais* In their respective orbiLs, thev are 
now moving side by side. Since the speed oI 
the Earth ib (always) taster than that of 
Marb, ano the (»rbit of Mars lies bevond that 
of the Earth. Mars would now appear 
trailing liackward (westward) 'in the bky. 
This retrogade motion of Mats occurs once 
every two ycar.s. At the beginning oi 
the current veai, Mars was seen slightly 
north of the stiir Spica in Virgo. Since then 
it has been advancing forward (eastward )i 
ar^ (ilcoming ever brighter. On It I March, 
It .seen between Libra and Scorpius, 
shibing ub the most bright object around. 
lU forward motion i.s now coming to a halt. 


On 5 April, it will become retrograde and 
begin to step hack towards Spica. This will 
continue till 20 June, whenecafter it re¬ 
sumes i(s forward motion for another two 
years 

Saturn, now in its brightest phase (looks 
as bright os Ktget in Orion) and to be sefn 
in Libra somewhere between Mars and 
Spicxi. IS also in retrograde. Jupiter will also 
become retrograde by the end of the month. 
In tact, if you see a planet rising in the east 
iust before or after the local sunset, you 
mu.st be sure that the planet is in retrograde 
motion, very bright in appearaheev and 
bigger in siee than usoal. This should be the 
most favourable time for observing them, as 


Nagpur 21.00 H (1ST)' 15>I.1984 
Lalituda 21 >9' N Longtiuda « 79**6' E 
glderoalTim* ' lOh. 18.66. 

they spend the whole night with (He 
obseir\/er. 

Idke the outer planets, the inner ones., 
Mcrcur>' and Venu.s, also become retrograde 
when they come clo.scst to the Earth. 
Mercury is now present in the evening sfo). 
only a h*w degree.^ to the left of .Aries, apd 
can ea.siiv he spotted with the naked eye 
during the first week of April. It will then 
become retnigrade on 12 April, and lea^*e 
the evening sky because of its westward, 
motion, it will soon overtake'the on 22' 
April and come closest to the lliarjth on 
2S. It reappear.^ In the morning duSk>W 
the first week of May j * 
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The Centro is dedicaited fo 
the provision of contimifn|i 
education courses fora broad 
spectrum of professionals. 
The courses emphasize the 
PRAC1ICAL Aspects of sci¬ 
ence and engineering with 
only that theoretical develop¬ 
ment necessary to foster the 
understanding of new coiv 
cepts. 

the Centre's practical ly<onen- 
fod courses are taught by 
renowned practicing profe- 
Istonals from induspy. aca- 


dgnlla and consulting dfiio 
hlsations. they are carefully - f 

selected for their eapertise in 
specific technical neMS. for '* 
their current practical know- 
ledga and for their didatic 

abiHtv. 

The CENTRE schedules its 
cdurseS at its Academic 
Centre at $, Imdsay Street 
(1st Floor) Cateutta-TOOMI^ 

West Benpi in addition 
coprsfo nre also offered in 
dOMiniently krated pieces/ 
't!Kt|^^|e tbg Qifontry. 


1. Analytical Chemistry (AC) 

2 Architectural Engineering(AE) 

3 Automotive Engineering (AU) 

4 Biochemistry (BC) 

5 Ceramic/Glass Technology (CC) 

6 Chemical/Process Engineering (CP^ 

7 Civil/Construction Engineering (CE) 

8 Clinical Lab Technology (CL) 

9 Coal Technology (CT) 

10 Cosmetic/Chem Specialities (CS) 

11 Cost Engineering (CO) 

12 Elec Power Util Engineering (PE) 

13. Electronics Engineering (ELI 

14. Energy Technology (ET) 

15. Environmental Technology (EV) 

16 Fooci Technology (FD) 

17 Industrial Engineering (Ifc) 

18 Industrial Safety (SE) 

19 Iron/Steel Technology (IS) 

20. Manufacturing Engineering (CM) 

21 Laboratory Instrumentdtioa (LZ) 

22 Mechanical Design Engineering (ML) 
23. Medical Scien<ie (MD) 

24 Metal Forming/MFC (MTj 

25 Metallurgy (MN) 

26 Non ■ Util ■ Power Engineering (NP) 

27 Offshore Technology (OT) 

28 Organic Chemistry (OC) 

29 Packaging Technology (PK) 

JO Paints & Coating Tec hnol(>g\ (PC) 

31 Papc*r ^ Pulp Tec hnolog\ iPP) 

32 Petroleum lechnologv (PF) 

33 Pharmacc-'utical lerhnolog\ (PMj 

34 Plant Engineering ( PZ) 

35 Plastic 5 Tec hnology (PI) 

36 Process Instrumentation (IZ) 

37 PuiC basing (Pin 

38 Sales and Mar kc'tmg (SM; 

39 Technical ManagemuMit 1 1M^ 

40 Textiles (IX) 


THE CENTRE FOR PROFESSIONAL 
ADVANCEMENT 

Div of TechrroloByi^t Research 
Associates 

5, Lindsay Street (1st Floor) 
Calc utta - 700 087. 







TELL US 


■■■ why people 


S OME objects float lo wain while othei:* 
sink Whether a bnJv iiKludinj* the 
human body—will float oi sink depends on 
Its specific {Jravilv Sprijlic jjiavity is the 
ratio of the densifv of the hudv to that ol 
water. The spetilit ^ir.ivitv of human body is 
found to var>’ between ii and 1 tl5. In fresh 
water, a person lias to h.jve a specific gravity 
less than 0 to he able to float. When 
we inhale and till our liin{|.s with air the 
specific fSMVilv ol (he body decreases and it 
increases wlien we exhale 
In cl .sliidv of hundred males. C. Hij^h- 
more et jJ found that only lb per cent were 
constitution.iilv non floaters and would 
sink even w Ih their lunjjs full nt air Amonji 
boys only 7 such smkei.s were present in a 
sample of 1040. The ability to float v\as 
found U) be maximum in the rankle ol 10 to 
I'J years 

Why is drowninji si» commonplace il the 
maionly of people can float.-' The reason is 
simple, people panic and start hreathinfi 
frantically and swallow water alon^; with air 
Once the lun>*s arc partially tilled with 
water, hvf) thinj*s can happen First, the 
specilic ftravitN' ot tin. t-ody may inti'ease 
sufficiently to make the person sink 
Second, even it the person manajjes to float 
the capacity ot the alveoli in the lunj^.s to 
exchanjje caibon dioxide tor .ii» could be 
drastically reduced resulting in suthKalion 
All this can happen so quickly that on an 
average it takes only 40 seconds loi a peison 
to drown 

Anothei ha'/ard, tortunalelv not preva* 
lent in (»ur seas is the danger ot Iwpother- 
niia. when the body gets cold. Modv heat is 


Shaded regions are the parts of the body 
that lose heat readily in cold water 




lost /wen/y limes faster in water than in an 
of the same temperature. The heat loss is 
mostly from the sides ot the chest, the head 
and neck, and the groin where the legs join 
the trunk. .\s the body gets colder, the 
blood ves.sels to the extremitie.s constrict to 
prevent further loss fir heat and to keep the 
vital organs like the heart, hi am and the 
lungs warm. The skin, muscles and gut can 
survive for over an hoiii without blood 
circulation hut the brain will get damaged 
irreversibly pist alter tour minutes Once 
the body temperature goes down to 29 4 to 
32 2 degrees centigrade (the normal tem- 

Heat-Escape-Lessening-Posture iHKlP) to 
conserve body heal 



perature is 37.2 degrees centigrade), it can 
lose its ability to warm itself without 
external help Below 29.4 degrees centig¬ 
rade the heart stops beating, but prior to 
this the peison loses judgement and coordi¬ 
nation and will inhale water. And the cause 
of death will be wrongly attributed to 
drowning. 

Wrong methods of first aid may actuary 
kill the hypothermia victim rather than 
revive him. Vigorous rubbing of the limbs 
or the application of hot water bottles will 
lead to what is known as afterdrop-the 
cooler blood from the extremities is 
pumped back through the heart decieasing 
only briefly the temperature of the heart, 
but causing heart failure. This happens 
if the temperature falls below 30 degrees 
centigrade. Making the victim breathe 
warm air (40 degrees centigrade) saturated 
with water vapour to raise the body temper¬ 
ature IS a good method of reviving The next 
best method is to put him in a hot bath 
(42 2 degrees centigrade;, although hen^ 
loo lies the risk of an afterdrop. 

Swimming in cold water can lead to rapid 
cooling of the body, due to the increased 
flow of body heat into the .surroundings 
Then the best way tor a swimmer to 
conserve body heal is to resort to ntLP— 

I teal-Escape-Lessening-Poslure. holding 
the arms tightly against the chest, with the 
thighs raised and pressed together and the 
legs crossed. 

The body iii this position will not be 
stable, however. The body weight acts 
downward through the centre ot gravity and 
the upward thru.st of the water is through 
the centre of buoyancy. 

Since these two forces do not act along a 
line the body tends to rotate in the forwarc 
direction The new' position of equilibrium 
has the head down and the legs up. A lift 
jacket w'lll avoid this awkward .situation and 
will help keep the body erect 

Finally, we are a.sked not to swim after a 
meal. Thi.s is because hlood is diverted to 
the stomach atter the meal, to aid digestion. 
It the heart is weak or the swimming too 
vigorous, blood supply to the stomach gets 
.shut down since more oxygen is demanded 
by the exercising mu.scles Since the sto¬ 
mach must contract when it has food in it, 
it will continue to contract until its muscles 
run out of oxygen, and the person will 
.sutler abdominal cramps and drown. 

B. F. Chhapgg j 

Or. 8 F Chhapyar is Scientific Officer fof 
Aquatic Radioactivity Studies at the Bhabha 
Atomic Hesearth Centre. Bombay. 
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through the BRITISH INSTITUTES 

• THE LAMEST COMESPONKHCE COLLEGE IN INDIA WITH 45 TEARS* EXPERTISE 

• HAS HELPED OVER A MILLION AMBITIOUS MEN AND WOMEN 

• QUALIFIED AND EXPERIENCED TUTORS AND CONSULTANTS TO GUIDE YOU 

• OFFERS SPECIALIZED COURSES. WRIHEN BY EXPERTS 

FOR 

A.M.I.I. (INOIAl, A.M.t.MICH.1. (INDIA), A.M.I.I.CHCM.I.. A.HAI.(.I.. A-M - ASSHPUfll' 
N.P.C. lUPIRVISOA*, I.I.T. INTRANCI. ClAT. A.l.l.>.. 

A I. TAX), O.COM, (■ANKIND), O.COM. (COSTINO), D.COM. (DUt. ORG.), D.COM (COHP. 
tie.),A,C.t. (INDIA), A.I.A.M, A C.A INTAANCI IXAMINATIONS 

JOB ORIENTID COURSRS IN Sacretaryohip 




HICHANICAL INGO. NTROLIUH 
M(KliMnk«l_DrMnhum>mhlp _ TICHNOUOOY 


RubbImii 

AUSINIIS 

.NANAOIMiNT 


Also Eiiacutiva 
Sacrataryohip 

MATtmALt MOT. 
PIMONNIL MOT. 
MMRgamapt 




lush int* 

till* Lriv Mi’xl issiit* nl 


Rs. 6 with 

1 year’b subscnplion 


Rs. 16 with 

2 years' sui>sciiption 


Rs. 26 with 

3 years’ subscription 
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KHINATiONS 

FOR BANK FROBAIIONAHV 
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Fnc losi^d IS mv chi’qut*’ moncv nid»*r'dt^mcind di ift f<ir 

1 VLMr's subscnplion Rs t? 
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through B.l. Languages Institute 


(LINGUAPHONE) 

You listen, you understand you beyin speakmn immediately u' cnua p, rsons.fy fu 

speakinq well and confidently with an authentic iiccent> B I LANGUAGES INSTITUTE (LINGUAPHONB) 

English Couraos for all lavalt primary. Praliminary Bank Ruiid.nq Fi(>i.i HiuniBin 

(beginr^ars) Irttormadiata and Advanced "OO 02.1 

Also availabla • French. German. Polish, Russian. PrTA T’ .. jnnn. 

. viovt PirU f. Eitsi (..lUiiilf 700004 

Japan.*., Spanish, Paraian, Arabic. China&a. i,, B.nn..i f..,piov.,Hn> 

(Mandarin), Chinasa. (Cantonasa), Malay. English, n«« o.iiu 1 looo? 

Intermediate and Advanced English, ____ 

Hindi or any of the 38 languages |B l LANGUAGES INSTITUTE (linguaphonE) 

and travel packs. j5bF4 uro b«iitk B'du Fio»ii FounMin, J69 D n hm qombrt /400073 

- B.I LM0UA6ES WSTITUTt (LINGUAPHONE) I .. . ... 

/ provides everything you need to I 

W learn a language. Im^ptn 
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COMPUTER CALL 
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JOB ORIENTED DIPLONIA 
COMPUTER COURSES 

B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


Advancgd Computer Programming 


Cobol Programming 


Baaic Programming 


Fortran Programming 
Paacai Programming 
Data Baae Management 

Word Processing _ 

Console Operations 
Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. 


We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 

JOIN BDPS BECAUSE BOPS IS THE BEST 


ruN lAC T 

B.D-P-S- / OR / OR IHtR Di JAIL S 

m ■ ■— BUREAU OF DATA 

PROCFSSING SYSTEMS 



HeedOlflee 
BDPS ITI 

103. Hind Raiasthen Bldg 
Dadaseheb Phalke Road 
Dsdar East 
BOMBAY >400 014. 

Tel No 448422 
BOPS ITI 

Krishna Cinema Building 
I St Floor ShivaiiChowk 
KALYAN 421301 
BOPS ITI 

Alankar Cmonia Building 
Naai Railway Station 
POONA-411 001 
BDPS ITI 
Mathura 
Wow rev t-ani* 

Shivaji Hoad 

NASIK-422001 

B D P.S. I T I 

Dhanwaiay Ashram 

Mdiviya Road 

Sitabuldi 

NAOPUR 12 

BDPS IT I 

Dr Bansod s CorTipounci 

1M Floor Maitehdi Road 

Near Central Bus Station 

AMRAVAT1 

BDPS ITI 

Geetd Niwos 

Rajurkar Budding 

Maiden Aad 

AHMEONAGAR 

BDPS in 

74 A Woods Road 

Opp Madrasa Allam 

MADRAS-BOO 002 

Tel No H11275 

BOPS ITI 

No ’’ Pnttabirama PlllBi 

Street 

Tennur 

TRICHI-020 017 


BDPS ITI 
Firs! Floor 

246, Naicker New Street 
MADURAI 
BDPS ITI 
Itt Floor, R S Building 
141, Rangai Gowdar Street 
COIMBATORE >041001 
BDPS ITI 
61, Cherry Road 
Opp P W D Office 
Near Reserve Line 
Kumd'asamypatfv 
SALEM-636 007 
BDPS ' Tl 
No 1.’ 1st Floor 
South C ar Straat 
Tirunoivclii Tuwn 
TIRUNELVELLI 627 000 
I T I 

No I. A Perundurai Road 
Opp Sathya Moorthy 
Hoapital 

New Ravi Theatre 

ERODE-OSBOno 

BDPS ITI 

No 12, East Cross Road 

Gandhi Nagar 

VEUOREMIOOO 

IT Nadu i 


BOPS ITI 
No 8, Victoria Road 
Near Head Post Office 
TUTICORIN. 

(T Nadu I 
BOPS ITI 
89 Gandhiyadigal St 
KUMBAKONAM • 012 001 
BDPS ITI 

157, Kamatchi Amman Ku'l 
Sr 

Oppoaiie Kandan Thoatre 

PONDICHERRY - 006 001 

BOPS ITI 

22, 5th Cross Road 

Gandhi Na^ar 

BANGALORE 900000 

Tel No 76414 

BDPS ITI 

2b 9th Mam 3rd Block 

Jayanegai 

BANGALORE-BOOOil 

BDPS ITI 
873, Narayana Sashri Rd 
Opp Mahadeiwara Temple 
MYSORE-670 004. 


BOPS ITI 

Above New Udyaya Cafe 
Near Sooraj Circle 
Railway Station Road 
Robertaonpat 
KOLARGOLOnELOB 
BDPS ITI 
Dinker Building 
Vidya Nagar 
Mam Road 1 
NUBLI-680021 
BDPS ITI 
Shivayan 

Opp Lmgrai Collage 

College Road 

BELOAUM-5B0001 

BDPS ITI 

Bharat Building 

Room No 40,3rd Floor 

K S Rao Cross Road 

MANGALORE-675 001. 

BDPS ITI 

89. Biahmm Street 

Above Arvind Gen Agenciea 

BELLAMY-6B3101 

ITI 

4th Floor. Vellho Bldg 
Neer Municipal Garden 
PANJM-OOA. 


ITI 

3rd Floor, Dwaraka Bldg 
Near Cine Lata 
MARQAON-GOA 
401BOI 

ITI 

Melquiedea Building 
Behind Judicial Court 

VA8CO-OA-OAMA • GOA 

in 

Shankar Building 
Below Poornima Lodge 
Ansa Bhatt 
MAPUBA-GOA 
BDPS ITI 
Parvaihi Mandiram 
Near Dairy Farm 
Pattorn 

TRIVANDRUM-006 004 

Tel no 66051 
BDPS ITI 
ia416E 

Moideen Palli Road 
NaarCorp Bus Stand 
CALICUT. 073001 
BDPS ITI 
38'80, Convent Road 
Near Convent Junction 
Ernakulam 
COCHIN-882011 
BDPS ITI 
3rd Floor 

338, Chandralok Building 
Office Complex 5 D Road 
SECUNDERABAD • 600 003 
BOPS ITI 
12 3-234 SunnappaSt 
3nd Floor 

TIRUPATI-617601 

BDPS ITI 

3rd Floor, Above Dene Bank 
Opp. M S Uniyeraily 
BAROOA-300005 
BOPS ITI 
C'o Sf Xavier's Engliah 
High Schoo* 
Khaamahal, Tatanager 
JAMSHEDPUR 
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A 2500^^;^ old 
Egyptian Formula 
that Fnlochs the Mysteries 
of Wealth and Snceess... 

The Power Within 

A stcret fornuli amwritttn until now Guaranttod to work or you pay notbinf 

Remember the ancient Egyptians and How is it possible that nobody's ever heard 
their fabulous wealth? Even today the of this incredible formula^ Don’t worry, 
tombs of the Pharoahs yield spectacular lots of people have. Only they’ve kept silent 
quantities of gold, silver, diamonds and about it for obvious reasons King Artaxerxes 
other precious stones How did they > of Egypt used this formula to attain the 
ever amass these incredible riches? / pinnacle of power. Much later. Napoleon 


The answer is contained in this / 
startlingly powerful 200 page secret / 
formula that AUTOMATICALLY GETS £■ .• 
YOU ANYTHING YOU WANT IN LIFE! 

Money, fame success, happiness^ 
love power they're all yours for the 
asking providing you know how 
to work the formula. 
Guaranteed to ahaka your world 
In infinite painstaking detail it tells 
you how to turn the key to release 
a flood of riches into your life... fe* 
how to read, control and dominate ? 

other people s thoughts. 
actions and attitudes . 
how to gam the 
power used down 
through the 
centuries to change 
and control your 
own destiny how to 
heal people through 
power of psychic energy 
and rid yourself of illnesses m an 

amazingly short time how to^^^aH 
understand the seven periodic^V| 
movements of your 'life cycle' and take ^ 
full advantage of them all these as well 
as many other closely guarded ancient 
secrets hitherto kept under a veil of 
silence and superstition can now be yours' 


'' pinnacle of power. Much later. Napoleon 
, did the same 

< Today. Rockefeller. Onassis, Jean Paul 
J Geliy. Howard Hughes-all tremendously 
■'} successful people who started out very 
fDoor in life - they are )ust a few of the 
r..‘.>v people vyho have used the power of 
ihis formula with staggering results 
NOW YOU CAN TOO' This is the 
chance you've been waiting for! This 
' fomula^is being sold abroad^ 


OfFCR 


m 



Institute of Human Dynamics 
3/305, Navjivan Society. 

Laniington Road, Bombay 40000S 

Please rush me “The Power Wlihm’^theZOO- page^Secret Formula of Success under your 
one week guarantee period I understand if I am not sati Jied I can return ft within a week to 
get my i.ioney back (less packing & postage) 

I will pay postman Rs 47/* (Including Rs 4/- for packing & postage) 


Address - — — • — — — - — — - — — 

SaveRs 5/-. Please tick 
P0W6f ^ Cheque/I P O. for Rs. 42/* enclosed. 

□ M.O. tor Rs. 42/- sent. (Same 7-day money back privilege.) 

Institute of Human Dynamics Is a division of Business Development Associates 
Cheques/I P.O/s/M.O.'s should be in favour of Business Development Associates. 
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DaraouesT 


DATAOUEST. the complete computer magazine, identifies Th« Top 10 computer companies 
dominating the 100 crore market Detailed profiles of all the 44 active computer companies 
of India 

DATAOUEST. for the latest in computers is a must for every computer buyer 

ALSO. 


D araoues T 

THE 
DO 
TOP 
10 


thI UlKOIIT COMntllK 


* Recursive Programming 

* Computers in Libraries 

‘ Computer sducation in India 

* Income Tax incentives for computers 

Plus our regular features 

* News 

* From abroad 

* Employment Opportunities 

DATAOUEST 
Cyber Media (India) Ltd 
810, Meghdoot. 94 Nehru Place 
New Delhi-110019 

OISTmeUTED BY I.B.H. 




USE THIS FORM TO START YOUR SUBSCRIPTION 



Please send me DATAOUEST for 12 months/24 months/36 months 

I am enclosing a cheque/money order no_ 

in favor of Cyber Media (India) Ltd 


Name_ 

Job Title -_ 

Address ___ 


. Co_ 


Dale_Signature_ 

No of employees 1-24 25-49 50-99 100-249 over 250 
in your company 01 □ 02 IJ 03 □ 04 □ 05 □ 


In what fype of an organisation do you work 

10 D Computer manufacturer 

20 □ User InslaHation 

30 □ Software House 

40 □ Training Centre 

50 □ Consultancy 

60 G Educational 

70 □ Govt Bureau 

BO □ Other. 


Subscription Rates 


Rs 72 00 
Rs 132 00 
Rs 160 00 


□ 12 months 
G 24 months 
Cl 36 months 


' I understand that if I am not fully satisfied with the first three issues. I can claim a full refund 















A LADDER TO juwiob 

A BRILLIANT CAREER OPI 

FOR OUl 

SCIENCE STUDENTS ;DIBEST 

J" U 

A Complete guide to various science based exams, viz at 10+2 lavel, =: « 
IIT, Engineering Entrance, Medicai Entrance, C.P.M.T., N.D.A., etc. g ^ 

SPECIAL FEATURES : S | 

^ □ Informative and educative articles on Maths, Physics, Chemistry m « 
and Biology; Science News. Mental Ability Test, Test Yourself, s a 

□ Life History of National and International Scientists. 0 il 

□ Readers Queries, Projects. Model Test Papers for various com- ^ ^ 

pstitive examinations, JSD penpals. X 

And g 

Various Contests Offer Fabulous Prizes. ^ 

_Also, free gift offer to direct subscribers 


VARAfA brothers 

21 , Shankar Market, Connaught Circus, Post Box 531, New Delhi-110001. 
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CAREERS/COMPETrnON BOOKS Rs. P. 


GK AWho'sWho 2.50 

Objective Type General Knowledge 

O P Varma 8 00 

General Knowledge, Current AfTiiirs, 

Interviews & Who’s Who O.P Varma 10.00 
Super Intelligence Tests 

Major Jodh Singh 15 00 

Career Opportunities in India 

O P. Varma 25 00 

Self Eniplo>mciit for the Educated 

Unemployed J S Pomar 15 00 

Directory of Medical Instituiiuns in India 7 SO 
Guide for Admission tn Medical 

Colleget Major Jodh Singh 35.00 

Directory of Technological & 

Engineering Institutions in India 7 50 

1 I.T Mathematics Dr. Malhotra 30 00 
Check Your 1 Q Su’ihii Varma 6 00 

I.Q. Made Easy Sushil Varma 6 00 

Popular I.Q Sushii Varma 6-00 

Improve Your I.Q Sushii Varma , 6.00 

lest Your^c•If Sushii Varma 6.00 

Handbook of Mental Ability Icsls 10 00 

Self Development & Better Living 

Dr SK Ray 6.00 

Sticptilic Knowledge O P Varma 10 00 

Everyday Science O P Varma 6 00 

Gandhi's Tcachings Shai li Batra 6.00 

Essentials of Constitutional Law 

of India - 12.50 

I CIVIL SERVICES (I.A.S ) EXA^^ATlwr~' 


Complete Details & Prospectus of Civil 
Services Exam (Preliminary & Main) 6 00 
General Studies (Objective Type) for 
Preliminary Exam. 

O P. Varma, Shaktl Batra, 

V.B, Rakheja ig Prahha Aggarwai 35 00 
Varma’s Handbook of English for the 
Civil Services Mam Exaniination 
Shakti Batra 25.00 


[][_ CENERAI, ENGLISH 

How to Write Effective English S. Batra 
Art of Belter Speaking A Belter Writing 
Mrs. I'imia Ojha and Shakti Batra 
Humoious Quotations 
How to Study, to Read and to Make 
Notes Shakti Batra 

Common Eirora in English and How 
to Avoid Them 

Varma'B Essays for Higher Secondary, 
Pre-University & Intermediate 
Exams. Sfuikti Batra 

Varma's College Essays Shak it Batra 
Varma’a Book of Idioms A Phrases 
Shakti Batra 

Varma’s Composition Book with Applied 
Grammar for Middle A High School 
Classes ^.5 Kanva 
Synonyms, Antonyms A Homonyms 
Shakti Batra 

New Pattern General English 

Shakti Batra and Prahha Aggarwai 
Dictionary of Proverbs, Literary 
Gems, Idioms A Phrases 

Two Partition Novels Shakti Batra _ 

I DETTER WBiriNC ' 

1,000 Letlen 
Catchy Business Letters 
Modem Business Letters 
Little Lovely Letters 
Modem Letters 
Love Letters 


I 


FREE POSTACF & PACKING ON ORDERS WORTH Rs ^0 


Ask vitur lo<al book seller or send v«'M» fnder\ to 


_IJ_ BUSINESS MANAGEMENT _| 

15.00 Practical Business Management 12 50 

Personnel Management A Industrial 
7.00 Relations Harjinder Singh 22 50 

6 00 Varma's OHice Procedure A ITiafii ig 15 00 

Small Scale Industries in India 16 00 

5 00 b.N. Ahuja 25 00 

Public Relations A S Chauhan 25 00 

7.00 Materials M'lnagement N ff. Kapoor 25 00 
Mass Coniinunications B .V Ahuja d- 

7 nn Shakti Batra 35-00 

s on Negotiate, Bargain and Enter 

inio Collective Agreements 

_ J P Sojeena 24 50 

/.DO Fundamcntil Principles and Practice 

of Management J S Gujral 22.50 

5 00 Organisation & Management 25 00 

Financial Manai’emcnt A Corporate 
7 00 Finance B N Ahuja A S Mahmdru 35 00 

Interpersonal Relations in Hospitals 

7 00 N Kapoor 18 00 

Farm Credit A Finance J S It mar 35 00 

8 00 Foreign Capital & fKbt Servicing 

2S 00 Seth 30 00 

’—^ A Handbook of Export Matiageniei i 
-1 J S Oujral 50 00 

h ^ |Ft.LITIC AI. SC IKNC F # INIKKNATIONALI 

7.00 __---J 

6.00 World Cunshlulhm*. It.W Mnmi 18 00 

7 00 E-ssenlials id'InrLm.iliiiii.'l L.iw 1500 

6 00 Advanced Indian riimoniicv Q,A 17 50 

S 6Rm?RS"^”RT lT'Rs 50 - TnD ABOrE ' 


r>] VARMA BROTHERS 

MJk 21. SHANKAR MARKET. CONNAUGHT CIRCUS. 
P.B NO 531. NEW DELHI-110 001 
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BANKRECRUlTMENt 

PROBATIONARY OFFICERS/CLERKS 


“Specialised Training in NSB 
Reguiar/Correspondence Courses has proved 
to be the guaranteed way to secure jobs in 
Banks as Probationary Officers & Clerks.” 

.says Editor, Citylight, Bombay. 


If you have applied to State Bank of India i 
or any Nationalised Bank Boards, for 
PO or Clerical Post Join our Course now. 

Banking: ^ Jp^Our Professional -.Success Earned is i»mim 

A Rewarding Caree^,^ Commitment Success Deserved: 


Banking: Ic 

A Rewarding Caree^ 

Nvativ 2300 Rrohationary OfUcers^9 'MQ 
are te*.ruitvd cucrv \/car b\f Banks 
in /niiio 7/iis riL/ent/p nf direct recruitment 
as Probatinnar^i Officers in Banks offers a 
promising career for bright young people 
tudav Anv graduate between 21 and 
28 yeufs ran apply for the post The lob 
brings a haridsomc remuneration, security 
of st'ri/Ki* and ^ob saris/atfion The work 
content is rich and varied And, after 
naiiaiialisaiion. Bank fobs have acquired ci 
new Status because now the Banks have 
taken iipun themselves the responsibility 
of building a better India Today in our 
Banks, our social ideals find a dynamu 
Ckprrssion Bunk fobs, therefore, offer the 
opportunity and challenge to participoie 
IF’ ihapina our < ountry's futuie 


Selection on H 1^ 
Merit through 
Competitive Exams: iuiW 

I (U liMi ii ^ (}l r 

l’r<jbtJ.'K»iiiir« ClfliiiMs C/prks 
-jri* (ii't iiifi.i ijf inft’ii»uis <if a/mosf eyc'V 
three rnitnfhs f»v one Bank or another, 
large numbt'r.s appk for thorn and appear 
for the intensely i ompetitive exams based 
on general intelligeni e tests Standards of 
evaluation ure rrmst nqorous and impartial 
The percentuqe of siicct’ss is lower than 
0 5'A In 1*^ Sn from a total of 6'.. lakh 
applicants J.fOO u-t-rc faken as POs by 
Bariks Tne'etore, every single adddtonal 
mark that you gel becomes impeyrtont 
A provenlyi ornpetrnt, s/hn lahsed and 
thorough coaching becomes a MUST 


IVr coach in reguku I 

Courses at Bomhay, Pune ) 

and by POSTAI TUITION ^ 

/broiigbai.'f India Jar objectiue^^' ^ 

and descriptive test of PO exams ‘ 

All subiects- I) Reasoning (verbal, logical, 
non i>erbal) (2) Quantitative Aptitude 
(3) General Awareness and Current Affairs 
(A) English Comprehension (5) Essays, 
letters, prec is-wnting are covered exhaus- 
tiiwly Specialised pracfice books on alt 
subfects covering thousands of typical 
and actual exam questions are supplied 
in the Course These books are not sold 
fo Ui/lf'rs 


MSB’s Faith in 
Specialisation: 

^SCHOOL OF 

Notional Sc hnol of Banking, BAJOONG 
head quartered at Bombay srssL ^ 

was founded a few years ago _ I 

as a spec lalised msfifufe providing ZTZ —> 
coaching mainly for BANK RECRUITMENT 
exams of POs and Clerks 
It has groLun rapid/ii and is noiarbe largest 
pre recruitment training institute in the 
(ountry Our continuous research and 
on going study of obiei live and descriptive 
exam question papers have contributed 
to our present pre eminence as the central 
institute for BANK RECRUITMENT 
training 


Success Earned is ilm^ 
Success Deserved: 

We are /ust a few years old^ 
hut our successes have bei*n 
noted across the country Help and 
recognition have come from everywhere 
and in abundance Te t after test, 
hundreds of our students join /he 20 
Nationalised Banks. State Bank, Associate 
Banks, Lie, CIC, ECGC as Officers 
The subjects, syllabus, pattern of tests 
and examining body (NIBM) for all these 
exams are same Naturally we have a 
single common BRPO course for all 
these exams Success orionfed s/iidenfs 
;oin the Course well m aduance the 
test and benefit by our step by step and 
exhaustive coaching Admissions ore 
open round the year but the numht r rf 
admissions is limited to the num* ' • o/ 
vacancies declared by Banks 

The entire course materials and books 
are supplied on urgent basis in large 
instalments to those whose exams 
are scheduled soon 

JOIN NOW AND PREPARE FOR A 
RICH AND REWARDING CAREER 
For details of vacancies, application 
forms and our special courses, write 
today with Rs 2,-PO or M O to 






ftvni a total of b'j lakh training 
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ne^otorr. every single additional ^)3nKinCi 

I you ('on gel becomes imporfonf If 

ily I. ornpi'tent. spe^ lahsed and 1 Telegram BANKSCHOOL 

coat hng becomes a MUST I Telephone 466280 

X ^ Ash Lane (Babrekar Marc]),off 

Gokhjie Road Dadar, Bombay'400 028 

the only specialised Bank Recruitment institute in the country. 
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FEEDBACK 


INTEGRATED 

BIOLOGY 

This IS With reference to the viewpoints on 
inteftrated Biolo({^''. by Kev. i^ncy Pereira 
(February. 1984). 

1 am not one ot those teaching in any of 
the 'best university departments' nor am I 
(as a consequence^) perhaps one ot the 
'better minds' as correlated ^ Rev. Pereira. 
This may be the reason why my mind works 
in a direction contrary to what the author 
has written in support of integrated Biolo¬ 
gy’ and the expei iment that is in progress at 
the Bombay University. Rev. Pereira has 
analysed all aspects of the possible critic¬ 
isms that are likely to be advanced against 
an integrated course in biology. His intro¬ 
duction to the writeup is superb and well 
illustrated to show how the world is at 
present to he viewed as a single 'organism' 
floating in the immensity of space (and 
there could be many more such ‘organisms' 
at various levels ot ‘organisation* distri¬ 
buted widely throughout the universe). 

While it may be true that biology is 
heading towards a kind of integrated 
holistic approach, we must nut forget that 
this IS not altogether a novel approach. This 
is exactly the way early naturalists, such as 
the ancient Greek philosophers, viewed 
nature and tried to understand it. What is 
happening today is simply a return to the 
ancient iv ut learning, though with grea 
ter insights as to what a living system is. It. 
in the .3rd century BC, only a handful of 
philosophers could contemplate hohsticallv 
about life on the Earth, today, a similar 
understanding nf the living world is ex- 
petted troni s-'oie.s iil students who piis.s out 



tion papers [or two sections of questions in 
the same paper]—one in integrated biology 
and another in traditional biology (Botany. 
Zoology or Microbiology) and see the per¬ 
formance of each student. Even the courses 
offered in biology departments at the va¬ 
rious centres of learning could be in two 
streams: one with an integrated holistic 
approach and the other with a traditional 
emphasis. 

D.E. P.JEYASINGH 

Madras Christian Colitoe, 

Madras 60 mm 


I disagree with the views of Lancy Pereira 
(February 1984) on introduction of an 
Integrated Biology at university level. He is 
not aware of the Central Board of Secondary 
Education syllabus. The so called “Inte¬ 
grated Biology" 1 $ already being taught to 
the students of standards X. XI and Xll m 
sufficient detail. Every sub-biological 
branch—evolution, molecular biophysics, 
bio-chemistry. biology, genetics, etc is dealt 
with, in this course. The only difference i.s 
that the course is spread over three years. 

I feel that the Universities are right in 
offering specialisations in particular sub- 
biological fields, when there is so much 
burgeoning knowledge, with more being 
added continuously. 

SHIV NATH 

HiVtnder Saqar^ 
thihradun. 

I'P 24HOOI 


from our universities that offer an inte¬ 
grated approach to biology. But the ques¬ 
tion IS. do they really acquire such a broad 
understanding of the living world? 

Study of an organism starts with a study 
of its parts. It is only after mastering the 
aspects of ail its parts that one understands 
the whole organi.sm in the right perspec¬ 
tive. When one teaches plant science, for 
instance, one has to begin with the parts of 
a seed plant. Only later the student is 
gradually introduced to different types of 
plants, etc. Similarly, a detailed study of 
biology under separate headings such as 
Botany. Zoology and Microbiology has its 
own advantages as the,students come to 
understand the diversity of life on this 
planet. Rev. Pereira has rightly said |to 
quote] "....I am not saying that a more 
specialised study of animals or plants or 
microbes as .separate disciplines is not good 
or useful biology.. ". 

While It is true that at certain levels of 
learning an integrated approach mav be¬ 
come necessary, it need not replace a 
detailed study of plants, animals and mic¬ 
robes. While some of the centres of learning 
in the country could experiment with 
integrated biology courses (as is being done 
at the Bombay University), other centres 
could and should continue somewhat in the 
traditional .style, teaching biology under 
.separate disciplines of Botany. Zoology and 
Microbiology, though there still could be 
more interaction between these disciplines 
in certain borderline areas. 

Regal ding high scoring m competitive 
exams by students of integrated biology 
courses, perhaps in such exams the ques¬ 
tions are set by persons who are biased 
towaids such an integrated approach to. 
hiologv It may be a good experiment to 
offer in such competitive exams two ques- 


OhI Those printer's devils 

An erroi ha.s «.repl in on page 65. para 1, 
line 7 ol mv arlulc Uaylight robbers' 
(March 1984) It should n ad with a little 
expertise, the hm^ mav hi* sprayed with an 
insecticide", and n»)t the >*»ain.s. a^ men 
tioned in the article. 
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Btahgy de AarHultun^ /tui^iun 
HARC Bombay 
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In .scientifically speaking (March 1984). 
the answer for dressing' is not appropriate. 
By definition. ‘The process of removal of 
gangue. that is, unwanted impurities from 
the ore is technically termed as ore- 
dre,ssing or concentration of ore and not as 
turning ores into pure metal.' 

c oimhature S. VUAYARAGHAVAN 

Kfrala 


In our article on Marine Minerals (March 
1984) an error has crept in our reporting 
two figures. On page 57, column 3, under 
Chemicals and metals from sea water the 
figures 222 and 530 should read as 356 and 
1352 respectively. 

R. A. NAGLE 

t'ramum txtraction Division. 

BANC Bombay 
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Titanium—^the metal with a 
future 

Thtf article The metal witti a future - 
Titanium’ (January 1984) by Dr R M 
Sathe deserves congratulations The last 
sentence nt the article. 'And in case our 
resources get exhausted we can always 
import It trom the moon’, probably reflects 
author's deep anxiety about the future 
availability of titanium-hearmg raw mate¬ 
rials. 

In the text. Dr. Sathe has rightly men¬ 
tioned ilmemte and rutile as the two most 
important minerals of titanium which are 
available in Kerala. Tamil Nadu, and Orissa, 
► especially the ilmenites. 

It IS pertinent to mention that India has 
vast deposits of bauxites laluminium- 
hearing nre.s used in the production of 
aluminium metal) and Indian bauxites are 
characteristically high in titama (TiO^.) con¬ 
tent. With the current estimated re.serves of 
Indian bauxites placed at more than 
million tonnes, the contained titania mav 
correspond to nearly l.l.'S million tonnes, 
that IS. more than the titania contained in 
the comhintxl reseiTes of ilmenite and 
rutile 

Pinely ground bauxite ore is treated with 
caustic .soda to dissolve alumina, leaving a 
I solid residue called ‘bauxite residue' or red 
) mud' typically containing FcjO; 35%. AI .t), 
23%, TiOj 17% and SiO^. )%. besides minute 
quantities of vanadium and gallium For 
every tonne f»f processed bauxite 0 3 to*fl 4 
tonnes ot red mud are produced Over the 
years, we have accumulated millions of 
tonnes f»f red mud. Huge quantities of red 
mud will he generated by the giant MAI.CO 
plant, at Coimbatore, when it goes on 
stream This material is a waste product and 
i.s presently leff behind m ponds occupving 
large land areas This cau.scs serious en¬ 
vironmental pollution problems, heside.s 
the los.s of metal values contained m it 

Ki^d mud is a potential .source of tita¬ 
nium. especially because the original baux¬ 
ite has undetgone costly physical and 
1 chemical treatments and the extremely fine 
^ powdery material is ideal for further physi¬ 
co-chemical operations to recover titanium. 
Development of such a technology is a 
challenging task but well within the realms 
of a possibility. Add to this minute quanti¬ 


ties of rare and strategic metals like vana¬ 
dium and gallium, which also can be 
recovered simultaneously as a bonus to give 
an overall economic benefit in fhe extrac¬ 
tion ot the all-impf»rtant titanium Irorn 
Indian bauxites. 

Recover)' of titanium (along with other 
important constituents ot red mud) thus 
will not only enurrnouslv enhance the 
quantitative potential ol the metal with a 
future’ but will eonsen’c the mincial wealth 
ot the countiv on one hand and solve the 
environmental pollution problem caused by 
the indiscriminate disposal ol red mud For 
many nianv wars to come we may not have 
to make a trip to the Moon, at least tor 
titanium 

B. R. SANT 

( '*if{ h lutf ht ha'}-t* • 

I read witfi interest fhe article Titanium’ 
the metal with a future". Uanuao’ D*84) 
Titanium as pointed out. ha^ diverse appli¬ 
cations I wish to point out a new applica¬ 
tion of a titanium allov in the field ol 
orthodontics to perform tooth movements. 
Titanium at temperatures above 1,62.5'F 
rearrange.s into a hudv centred cuhic lattice, 
called the beta phase The beta structure 
can be maintained at loom temperature bv 
the addition ot elements like molybdenum 
or columbium. Such alloys called the beta 
stabilised titaniums have unique properties. 


A composition allov cd 11% molybde¬ 
num. 6% xirconium and 4% tin with 
beta titanium in the form of a wire has the 
follriwmg physical propeities; Mocluius of 
elastic I ly - 9. if) 0.1)0 psi Yield 
strimgth -I7f).000 psi, YS'L ratio1 8x 
10 (stainless .sliel--l 1 \ JO ) 

This wire fias been found lo have near 
ideal propertie.s in perlurining loidh move- 
lnen(^ 'Ihe wire lia> excellent torrnabilily, 
high spring hack and is weldable I’he-se 
fullil mod ot Ihe crileii.i ol woes lor use in 
orthodontic appliances For a comparable 
.section t»t steel wire, the beta titanium wire 
delivers foiii limes gieatei loice .Ndincd 
wires.Lhough lhe\ compare well.lack torrna- 
bilitv 

Roth beta lilanium and nitiiiol wires arc 
^'xpensivc Orthodontists import ttie wire 
tot use. and Indian customs lew 320% 
duly lliiis taking the cosl^ Ui si'll hi<4her 
values 1hL> takes it out ol reach ot the 
average pradilioner since lour lo six units 
ot wne are requitod pei patient India 
having vast resources of titanium, should 
shed Its Icthaigv and hecume a le.iding 
rnaniJtacturer of titanium spongi. and sta¬ 
bilised tiLaiiiiiins This pniduci has great 
potential both at home and abroad 


K. JVOTHINURA KUMAR 

iKfuttttm'iU ii »<r//rin/iiii.'K , 

Aeni/o. 
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fUUky's comet 
^Atappoint viewen? 

V^TtLL the return of Halley's comet in 
tY 1985-86 be a most spectacular 
astronomical events It appears we are in 
for a disappointment What will the 
! comet look like^ Surveying the situa 
tion, Ian Halliday of the Herzberg Insti¬ 
tute of Astrophysics in Ottawa, Canada, 
jttys the comet will not look good (The 
Jautmal of the Royal Astronomical Socie- 
ty of Canada! 

The appearance of the comet in 1910 
was so spectacular that, photographed 
by the largest telescopes of the time, it 
b^me a kind of astronomical allegory 
9oon after the comet s closest approach 
to the Sun, it had a bright coma (the 

n us and dusty clouds that envelop 
ucleus of a comet) and a luminous 
double tail extending across a fourth of 
the sky (SCIENCE TODAY, September 
1983, p 15) According to Halliday, 
however, the geometry of the comet's 
orbit on It 5 1985-86 passage will be the 
least favourable of its 29 previously 
recorded passages Halleys comet fol¬ 
lows an elongated elliptical orbit in¬ 
clined at an angle of 18 degrees to the 
plane of the ecliptic (the principal plane 
of the orbits of the planet) A comet is at 
Its brightest and displays its fullest range 
of activity near the perihelion (the point 
m Its oj^it where it is closest to the 
Sun) When Halleys comet reaches 
perihelion on February 9, 1986, the 
Earth will be on the opposite side of the 
Sun from it indeed the comet the Sun 
and the Earth will be nearly aligned 
From ^hc Larth the comet will appear 
less than five degrees north of the Sun 
and some distance to the west As a 
result it will rise less than an hour 
before the Sun in a region of bright 
twilight 

The comet will come closest to the 
Earth on 27 November 1985 soon after 
It passes above the plane of the ecliptic 
on its way toward the Sun, and on 11 
April 1986 about a month after it passes 
bdow the plane of the ecliptic on its way 
out of the inner solar system In neither 
case will It be particularly close to the 
Earth and in both cases it will be more 
than one astronomical unit (the distance 
^ from the Earth to the Sun) from the 
t Sun At these solar distances, the comet 
fr not likely to give rise to the expected 
spectacular celestial display However 


since the Halley's comet is the only 
short'^penod comet that reliably displays 
a full range of cometary activity and that 
has a well worked-out orbit, it is possible 
for scientists to plan scientific missions 
in advance, this is more than a compen¬ 
sation for the disappointing, less glo¬ 
rious, appearance of the comet 

—Ubnol 

Gosh Is nsiSiers sheep 
nora|oat 

H EYI What sort of an animal is this 
'gosh> Take a close look at the 
photograph below Ir you think its a goat 
then you are wrong And, nor is it a 
sheep 

British scientists have manipu¬ 
lated the cells of embryos and produced 
these sheep-goat chimeras The animals 
combine the characters of both sheep 
and goats (For details please see page 18) 
Not many animals survived nor all the 
survivors produced by the embryo man¬ 
ipulation technique, had chimenc char 
acters But the technique has for the 
first time produced viable offspring be¬ 
tween two different mammalian species, 
sheep fOois ones) and goat (Capra 
hmm) Rat chimeras (Mm mmetUm- 
Mm carolt) only had been produced 
formerly 



Sheep^goat chimera 


The technique opens up exciting vis 
tas of producing offspring between very 
different animal species Even the en¬ 
dangered species might be helped fry 
creating suitable conditions for the 
embryos The latter can be reared safely 
in a host mother of another type 
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Fmf. AUiu Salam 

Third World Acadciqy 


A Third World Acaderny’ has been 
launched at last. Prof Abdus Salam, 
the Pakistani Nobel-laureate and a 
physiast, is its first president Prof 
Salam is known for his concern for the 
directions of the Third World science 
and a champion of the Third World 
scientists “The Academy’ says Salam, 
''will be happy to advise governments 
and ottier bodies’’ on matters concern¬ 
ing science, development and tech¬ 
nology 

To begin with, the Academy has 25 
full fellows (two Nobel prize-winners) 
who are existing members of the presti 
gious academies and 14 associate fel 
lows The latter are from developing 
countries but working in the West The 
ftinctions of the Academy will be to 
support “good men’’ in developing coun¬ 
tries, to publish a scientific newsletter 
about third world science and to prom¬ 
ote scientific “South-South’ collabora¬ 
tion 


Unisexiul lizaids 

Y OU may not believe it but some of 
the communities of whiptail lizards 
(genus Cnemidophorus) in the south 
western US and northern Mexico consist 
of entirely females This is an example ot 
unisexual lizards which produce their 
young without fertilising their eggs A 
hint of their possible existence was first 
given by a Russian zoologist Uya 
Darevsky, in 1958 This has now been 
experimentally proved reports ^Charles 
Cole, the curator in the department of 
herpetology at the American Museum of 
Natural history. New York, USA 
The experiment was carried out in the 
lab by raising the first generation 
females in the aibsence of males These 
were then watched until they reached 
sexual maturity and produced a second 
generation in the continued absence of 
ConUmadonpageU 





‘CpiiwCfltii UtvKtiA, 
^esb Sharma 
" la^SP^knsmefu Yuri Malyshev 

\ Sjbrekalov, would be back 

.. tidth^'^us. >Wth a wealth of information. 
j|^ Ii^diillt and Russian scientists will be 
rf b^^ahalyaing and interpreting the 

oif lie' fiiit Indo-Soviet space flight 
whw lasted for eight days. Perhaps, the 
‘ w qsipact of this space research will be 
'knowin only after months (if not years), 
when the hundreds and thousands of 
photographs and charts have been analy¬ 
sed. Remarkably, five minutes of space 
probtt or rem^e sensing of the Earth 
with fnuttispectral special cameras do as 
much'work as two years of aerial photo¬ 
graphy 1^ 50 atrcr^ and BO years of 
prospecting by geologists. This is just 
one instance of the manifold powers of 
space research and our .scientists are 
definetely going to be busy decoding the 
results of our maiden, manned space 
venture. 

On 3 April 1984, the transport space¬ 
craft of the SoyUz-T series, ^uz-T-11, ^ 
launched the international crew of cos¬ 
monauts into the near-Earth orbit. On 5 
April, it successfully docked with the 
orbiUl station Salyut-7, where a rigor¬ 
ous schedule of studies were carried out 
by "the cosmonauts. The Salyut-7 was 
launched on 19 April, 1982, and since 
then it has served as a docking and an 
experimental station. It has hosted two 
long-duration expeditions lasting 211 
(the longest in space) and 150 days and 
two visiting expeditions. Decades of 
research and experimentation have led 
Soviet scientists to evolve a thr&- 
vehicle system for the exploration of 
space. This consists of the oitital labora¬ 
tory,Salyut-7. a vehicle of the Spyu*-T 
series to take the cosmonauts to and fro 
and a ferry cargo craft, of the Progress 
senes. The latter brought to Salyut over 
one tonne of fuel and 100 other odd 
items for tlie recent Indo-Soviet space 
trip. 

^ The space laboratorySalyut-? orbits 
the every 90 rriinUtes at an 

'altitude of 280 km. Its two cylinders are 
/di^ed' into four functional sections: 

^ equipmetit .worjting,. .rest and trarud- 




with it., The living compartment has a 
l)^oCsn arid a kitchen .with a dining 
table "with damns for crockery. A 
piQ^c^logical 'trick* is used to give the 
illusion bf a floor and a ceiling .(there 
being no floor or top in space). Also, it is 
possible to replace systems that are worn 
out. to take the orbital complex to 
higher orbits, to replenish the fuel in 
orbit and to turn or stabilise the craft, at 
will. 

Several new features are incorporated 
in the Soyuz-T-11 space-craft. Though 
belonging to the Soyuz-T series, it is a 
totally new generation space-craft built 
on the modular principle. The new 
orientation system makes it possible to 
locate the Sun, the stars and the Earth 
at a great speed and to automatically 
orient itself accordingly. It can even fly 
past the Salyut station and choose a 
free-docking joint. A micro-climate, of 
pressure 780 mm/Hg and temperature 
21*C, is maintained in the space-craft. 

The Indo-Soviet space flight has far 
reaching implications, scientifically and 
politically. Several Indian organisations, 
the Indian Space Research Onganisation, 
the Institute of Air Medicine run by the 
' Indian Air Force, the Department of 
Meteorology and the Post and Telegraph 
win be greatly benefited by the results of 
the space flight. But the many dividend.^ 
will be greatly multiplied in future. 

The cosmonauts made 628 passes over 
India. Pictures from the space-craft will 
enable experts to track the hurricanes, 
demarcate flooded areas, monitor the 
growth and denudation of forest areas, 
watch crops, predict their yields and 
even the diseases which might affect 
them, provide continuous data on 
snow-melting and river flow, the onset 
of the monsoon, etc. Even the different 
types of trees will be identified in dense 
and difificult-of-access forests: 

Remote sensing experiments are ex¬ 
pected to reveal mineral-, oil- and gas¬ 
bearing sites. In the field of material 
science, the results arc expected to find 
applications in the production of semi- 
super-pure crys- 
^ iPhr oelis and in the development 


vestibular disorders. Past experiments s! 
had ievealed that several vaJuable rwi'^r 
materials and minerals are produced 
space in conditions of welghtlesshe^: 


and deep vacuum. Already 
stronger than even high-quality 
and as light as wood, has been produu^lh 
in space. Special mono-crystals used fo 
semi-conductors, transistors electro^, 
accoustics, high-frequency technology, :l 
optics, etc have already been produced^l^ 
in. the zero-gravity environment of^^j 
space. '' 

On the biomedical front, experiments'f: 
were planned to study the effects of the 
microgravity environment existing in ' 
space on humans. Studies on cardio¬ 
vascular. deconditioning, space sickness'; 
and disturbance of motor functions were .. 
carried out, along with measures 
counter the same. Effects of certaift.;'; 
yogic asanas on problems typical of ' 
space travel (like Increased bio^ flow in ‘ 
the head resulting in heavy and swollen 
heads, headache, giddiness, ossifica¬ 
tion of bony tissues, etc) formed a part of 
studies in space. The results will indicate 
the success or failure of the yogic asanas 
in overcoming space maladies. The yogic 
excercises performed eveiy ten minutes, 
by Rakesh Sharma were Pranayatna, ^ 
^ithikarana, Vyayma and the asanas 
Padahasta, Parimitra Trikona and Ustra* 
The experiments in biomedical sciences'* 
will further enhance our knowledge 
concerning the cosmonauts' psychic 
conditions, their capacity for decision¬ 
making, and the different ways to 
achieve self-controi in space. 

In short, this space flight heralds a 
new era for India, with wide and impor¬ 
tant implications in all walks of life— 
meteorology, geology, agriculture, 
medicine, physical science, etc. At pre¬ 
sent. about 1,200 research, design and 
production organisations of the USSR 
use space information. According to 
calculations, the use of thi.s data 
amounts to a saving of 500 to 6(H) 
million roubles per year. India is special¬ 
ly suited to exploit this space-based 
iaformation. in view of its agricultural . 
economy and its dependance on mon- , 
soons. Let's march ahead. 


SCIENCE imy. MAV im 


' , 4 * 

taf 







K ii^ they did after Klentists 
UjilBal difBcultiet d maintain- 
In bvwrable conditiona in 

itence of uniMxualily in verte- 
aes tome fundamental qiiei- 
iit how and why it happens, 
hat has been observed is that 
: unisexual llsardt exist, there 
Hr Men, in recent geologic time, a 
ijitMfting of climatic eomUthms and 
iSwnges of plant coimniirritias. So the 
.feperts sugiest that some time hi the 
pat the grassland species of vrfdptall 
mMerhred with the desert Species, gre- 
SMting hybrids. As in the cam vdib asflpt 
^Siteemecfflc hybrids, the faiHUl crasees 
lirbbably included botii iMitBS and 
ihniales, most of them sterile. At the 
«anw time the hybrids prahaM^ ceyb* 
peted successhdty vdtii die nen^wms 
til the mixed desert-grassland hablMs. 
l|hc fiim-generation Iqibrid ihales would 
wve disappeared eventually, hut any 
imiales capable of dupUcati^ chromo- 
homes in their ova would have perpetu¬ 
ated their kind. i 
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Now the bHnd can bh 
telephone operatori 

T here ^ good news for the blind and 
the partially sighted. A new Braille 
manual, which can be read by both the 
blind and the sighted^ inckeftses their 
chances of getting emplc^red in tele- 
(fhone switchboard jobs. A blind oper¬ 
ator terminal converts the visual dis¬ 
plays of the answering position into 
Braille, a system of raised dots which 
can be interpreted by touch. 

The texts are composed of raised dots 
impressed into special thick, soft paper: 
4he blind person reads them by foeling 
tficm with his fingertips. The very same 
text IS printed in conventional form on 
^1^ same page for the sighted instructor. 
Sfolh trainees and instructors can thus 
the subiect matter at the a«iie 

new manual is being developed in 
iifflt Germany, 
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Oct^ one to 


I N wtiiK, a ddicBte Mbnce htlMM 
diUllniMti life fonm IS cMUtantiy 
tidned. Any imbalances can have dfe- 
aebmus aodcgical and enviramncntil 
eflueb and can even oidanger the veip 
iundwii <mF some life forms. 

This Is beautifiilly brought about ft) a 
meant etudy undertaken by Rfohaid 0. 
Estes, a behavioral ecologist from ttie 
tiS. Perplexed by the obsomtion of tiie 
veiy existence of ostridies in hyenaaand 
lien infested rcgioia, Estee woodemd 
whether the predatory habtis of hpOiH 
iqfluenoed the evolution of Sm aim; 
shape and thickness of ostrich eggs. 

During his experimental obserwiUons, 
he found a epiftted hyena lying beside 
ostrich eggs carrying tootiunarks of the 
hyena. Iti his surprise, the eggs were 
intact. He, then offered one of these eggs 
to about a dosen different hyenas. In 
spite of l^renas lunring dtatp strong 
teeth and Jaws that can bite thtougfe 
bones, they were unable to break opeil 
the Thejaws of hywia seemed to be 
short to get A grip on the egg. However, 
at times, hyenas are capable of dps- 
trogdngrflio entire set of eggitiy rolling 
and crushing them with their fomfeet. 

CuriosHy led Estes to test whether 
lions could eat ostrich eggs. An ostrich 
egg was placed near a group of four 
lionesses. Amongst them, an elderly 
lioness picked up the egg and settled 
down hying to open it up. She pro¬ 
ceeded to pip it with one canine and 
scoop up the contents greedily with the 
tongue. 


11w second oggwis^pfauieit in ftoitt of 

_i-jL * es. - ■ kh _ 


^ d|fe|^ litifeiB.'ttM fgwved 


it m Mmttime few wentinny 


tt Mmtferitog tm 

wfafttb «|P am the hugest eggs that m 
laid by livtigi bird. Each egg is dbpUt 

sfx iMMs fong and weig^ over arhg. 
the Is at good as a stone. 



"OtMch tggs tor breakfast, and I'm 
abaat/s late for warkt" 


Dio ecolQgisr, even after thu «> 
perimentation wondered as to whldi 
predators could and did eat ostrich eggs. 
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fMlr4r cvo*... 


' |f yeuiif 

f l» #rWrw»^ 

{ivviiiOkc iiicili- 

(fomto «i Vm iAM fmtaOon nuctor 
ChiMt M HMSMMNU t0 dcitVOir 
4(Wl|^ tn thi» GRteSQ«y «« 
AHW# 'WRr 4ilVi mcMww wnsapons, 
and .iHMfgr oaim viMdi tot tecitt. 
■ Sda|i4itoim tooHdng on deveiop- 
iqjlJMl tawlfAilt protective ahield to 
pniiitot dw US aiiinto a potiibte So^ 
tuiflmr aitiaif 

Ito'the Hnt feneratitoi of nuclear 
tveapons came atom bombs, the second 
flenendion consisted of hydrogen bombs 
and tfie third ^mention falls into the 
*atar<WBr' OBtcgory. 

ba itt blast move, the US find a new 
antistoelUte weapon mmt) in space in 
JtmMpy ttb year. Hite highly sophisti¬ 
cated A$AT was bunched from under¬ 


neath the wing of an ordinaiy F-15 
fighter aircraft, this space4>ased defence 
. system can destroy missiles in space. 
I The test was immeiUatcly denounce by 
the American sdenttets, who consider 
thu move a prelude to a dangerous new 
phase in the arms Issue. Prominent 
American cibeens who have criticised 
this test mciude Jerome Weisner, a 


fonn«r presidential science advisor, 
Hans Bethc, a physicist from Cornell 
IbiverBity, FranUin Long, former asso¬ 
ciate director of the Anns Control and 
Disarmament Agency and Herbert Sco- 
vilie, former deputy director of cu The 
neat step in the ‘star'^ar’ game is to 
install a space station. This move is 
being watched with increasing trepida- 
tion by the peopte. 

These devefopments make one won¬ 
der whether we are damned to live in 
foar for ever. The devciopment of thud 
generation nudearweapons by the su¬ 
perpowers, bodes in for peace and die 
veiy extetence of the world. So serious 


are the threats of a possible midear war, 
that different etntegies are being work¬ 
ed out, some to prevent, some to avert 
told some even to fight it out. At the 
same time, a deep realteation B dawning 
on Incmasfognumbcn about the fotility 
of a nudear war—no One IS safe, least of 
adl Ihe sundvon. 

ft’s only the ‘fools to>d madmen’ who 
lllipii tint a nudear war can be ‘con- 
talMnd’, dapped before the vwMidh dead- 

^^73naMr W!rt tswwitic ^pni^ 

'towipHMme pfi^ idpttmifaas'’ bp 



Carl Sagan, a DavfrfDunouiProfaiaorof 
aetronomy and space ectenbes and Direc¬ 
tor of Ae Labmatoiy ibr fflancttoy 
studies at ComeU Univtrilliy, in the ^ 
brings om In a mactedy IMP tba bopo- 
leasness of a nuebar ctoifotiain, both 
‘oonbiiitd’ amt iie ottO’ involving an 
outright hudeor war in any part of the 
world. Sagan's irtide of a 'midear 
winter’ was based on a study conducted 
by 24 US edenttets, all at ComdL fthas 
fwnd near-universal confirmation and 
support, even from sebntteb in the 
USSR. 

In Segan’e words, "Some of what 1 am 
about to describe te honrifobig. I know, 
because it honifice roe... there are 
severe and previously unantidpatad 
glofatl consequences of nuclear unm— 
eubfttesing temperatures in a twilight- 
radioactive gloom lasting for months or 
longer... There te IftUe question that our 
Ipobat eivilteation would be destroyed. 
The human population would be re¬ 
duced to prehistoric levels or less... And 
there Seems to be a real possibility of (he 
extinction of the human species’’. 

As Ae war hysteria increases wiA 
deployroent of more and more eophuti- 
cated weapons In the different p^ of 
Ae world, theie is a serious concern and 
some activism in Ae West, manifested 
in different ways. A new genre of war 
movies has been produced and in tius 
categoiy The Day After’, has generated a 
spontaneous wave of anti-nuclear senti¬ 
ments. 

The Carnegie Corporation has started 
a new programme d^ing five te seven 
million dollars per annum to involve 
more professionai soenttets in the pre- 
vMition of a nuclear war. this program¬ 
me, is intended to promote the shiartng 
of infonnation among weapon experts, 
political and behaidorai ictentiste, poliry 
anab«b»boA in ag$ outside fhagowum- 
meiit A» ft te, sew wj soteattets ham 
Imm aqUmfe fomlMd, 



Ac twedew arim tecito. Nfav Aftr wM fiOj 
paid some amount for wM titty 
doing in Aefar spnt tone, to reduce i 
riAs of a nuebar war. 

Atro% Place movements am 4 
in aH pi^ of Ae world. These ai» I, 
proBMiuiioed In the UK and VhtH 
ihany where the Cruise and ftershiag ftS 
mbsites have been recently liutaJIed 
the US. FeqBe protesters in the UK haw 
even been nominated for the 1984 Nobs) 
Pmee P[[tee. The pcopk of these two ; 
oountrics am pressurising their respec¬ 
tive govehwnents increasitigly and quai* 
tionlng their govenunents' dcctekm fo'" 
put the securi^ of their countries in Ac ‘ 
hands of the US. imto countries do not 
want to be caught midfire between the 
superpowers. NOr do Aey want Europe 
to be Ae hot-bed of a cold war. The 
memories of Ae Second World War arc 
still haunting many. A more indepen- 
dent and a pragmatic defence poii^ ft 
advocated by a large number of peoplk 
The USSR seems to have convinoed 
titan of its relatively pcaceftil kileii- 
tions. The people argue that the inuAS 
of USSR as an enemy No. 1 of western > 
Eumpe te greatly exaggerated to create 
an ideological polarisation and to serve 
the uiterests of the US. 

Fnct oiforts to India 

A nascent peace movement has , 
started in India too, Aough very siowh. 
Leading physicians of the country have 
issued a public statement and expressed 
fears Aout Ae possibili^ of a nuclear 
war. They have proposed the formation 
of an Indian doctors’ organisation to 
mobiitee public opinion against the con¬ 
sequences of such a ww. The otha 
prominent anti-nuclear movement is 
the Movement m India for Nuclear 
Duarmament (MMD) wiA its base in 
Bombay. 

—B.S.Nalia|aa 

s 
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Science and technology in Indian culture 


H istories dl scicruo and U'thnolojjy whlLli have so 
far heen writlfn do n(»l adcqualeK rcpiVM*nt Ihc 
intiTaclion <•! SLience and tLrhnolojjv with culUirc, 
social values and phil(».sophic.il ideas on Ihc r>nc 
hand and the etonomic Muicturc and cumoniic develop 
ment in any >?iven Micial system on the other Fiiither. they 
are highly Kurocentrii .ind leave out the developnient ot 
science and technolo^jv ot non-Kuropean cultures and the 
iatter's contribution to the woild stream iff knovvIedjJe and 
technological development. 

Since the Second World War. Pro! Joseph Needham’s 
contributions to the underslandin^i of the scienee eivilisa 
tion of China and the studies m history of science and 
lechnolotfv in Japan have brought out the extent «il 
development ot .science and lechmilo^y m these two 
countries. Recently. \v«)rk on science and lechnolo^jv in the 
Islamic culture area has brought loith the iichness (d 
contributions made during the medieval period. 

Somehow, the development of .science and technolofly 
in Iidia throuf^hout her hislorx- has not been adet|uately 
represented. In the absence of the scientific and technolo¬ 
gical component, there has been an incomplete undersltind 
ing ot India's culture and civilisation and their conlrihution 
to the enrichment ot w(»rld cultuie. Further, the introduc¬ 
tion of .science bv th» Rritish in India is considered to he the 
beginning of science and teclinolctgy in India and there is 
much dependence on the hteraiure pioduced in the PK and 
the L^SA on the historical and .social perception ot science. 

In order to develop a proper historical perspective and 
bring to sliaip locus the development ot science and 
technology in India and their lelations with soLietv. hei 
culture, .social values, philosophy and econtirnic develt>p- 
ment. the .National Institute ot Science. 'lechnologv and 
Development Studies (a c«instituent of the I'inincil ol 
Scientific and Indastrial Research) in New Delhi has 
initiated a significant ellort and is organising a maim 
programme under the title. .Scieiue and lecimology m 
Indian cultuie The pn»gramme is divided into ihe 
following 

.Science and technology in ancient India (from the 
earliest limes to the beginning ol \D l!^th cenlurv)' This 
will liace Ihe de\eb»pmenl ol stieiKc* and scientilic th«»ught 
in Indi.i in Ihe peisivitiw ol Ihi histoiv ol sihute 

with Ihw au.iitiiess ot the complex inlen.oiini lIioms n| 
science with ^fMal oiganisalioii. techimli»g\. ciatllorv iiiul 
helicl svsiem the last «is emnodivd in magk lolkb’i'e. 

• religion. phik»Noph\ and uirisprudeiKe The purpose is not 
onlv to disiein ciunp.irable lontrihiitions ol Indian scien- 
: ti.sts with u»nlempt)rar\ siientists in i»thei civilisation but 
^ also to .seek .msweis to the tiillowing queries What did 
.scientists in India lonlnlnite to the mainstream o| world 
.science-' What did Indian scicnti.sls receive fiom this 
mainstieam" Wheie and whv did Indian .scientists (ail to be 
’ enriched by the .scientific activities in other civilisations 
I with which India had relations through trade, commerce. 


pohlu al and religious mission.s? Other factors which caased 
the decline of science in India will al.so be studied. There is 
also a I'rojecl to .studv in depth the Indian tradition of 
maritime activities, navigation and nautical sciences in 
ancient and medieval periods. 

Science and technology in medieval India (AD 1200* 
IS(M)): In this theme, particular interest is being taken as 
regards the impact f)f Central and West Asian .science on the J 
Indian sub-continent. In addition to the development of' 
.science and technology, which wa.s part of the Indian 
tradition, .scientific ideas have percolated to the Indian 
.society through Arabo-Persian .scholarship. It is believed 
that this .scholar.slYin became a part ot the Indian culture. 
Il(»\v lai Ihi.s process has been successful will be investi¬ 
gated. The hulk of the historical literature for this period 
dealing with .scientific and technological work is available in 


In the absence of the scientific and 
technological component, there has 
been an incomplete understanding of 
India's culture and civilisation and 
their contribution to the enrichment of 
world culture 


Arabic. Persian and Sanskrit. A few important texts have 
been selected for critical examination. The historx’ of this 
peruid will be reconstructed to highlight the interaction 
between the development of science and technology m the 
vaiious sectors of .society. It will include the studv of science 
and technol(»g\ subieil wi.se as well as interdisciplinary 
developments (wer different periods in medieval India. 
Finallv. it will draw a .synoptic view of the development of 
.science and technology as a component of Uie cultural 
sy.slern A.s a part of this study, an effort is ahso being made 
to study the intioduction ol Indian science and its impact 
on Arabic scientific lileiature. 

Science and the Indian re.sponse in the colonial era: 
The inlr(»duction (»l western science and technologies n 
India .specifically with reference to imperial motives and 
neuls IN being studied While the e.slabli.shrnenl of various 
sue III Ilk surx evs and expl(»rati<»n.s and the mtrodiiclifjn of 
steam navigatiim. electric telegraph and railways, etc had 
Mime positive effects, it helped the Hrili.sh in creating an 
impre.s%ion that Indian .science and educational traditions 
were backward ani^ gave rise to socio-psychological tension 
in the Indian mind. Here the objective is to analyse the way 
in which Indians reacted to the introduction of western 
.science du^-ing the Briti.sh rule, and to a.sses.s the impact it 
had on the emergence of .scientific institution.s, technolo¬ 
gical projects and industrial development. This study will be ^ 
spread over hvo phases covering the East India Company 
(1965-1857) and the Raj (1858-1946). 



Science and technology in post-independent India: The 
evolution of science policy in India is being subjected to an 
in-depth study. There has been a migor effort to tty to put 
together the information on science and technology de¬ 
velopment in India since independence. Considerable work 
has already been done particularly with regard to the 
evolution of science policy as seen from the speeches and 
pi^icy statements on science and technology of Jawaharlal 
Nbhru and Mrs. Indira Gandhi. 


The INSTADS is initiating a major 
programme to study science 
and technology in 
Indian culture 


*ln this programme, the main thrust is being given to 
the development of research capabilities for achieving the 
take-off stage for developing research themes and studies. 

^Presently, there are two main difficulties in the develop¬ 
ment of research capabilities. First, there are only a few 
scholars in the country who have the required expertise in 
the study of history of science and technology. The young 
historians are not much attracted to this field as it is not a 
traditional area of research. Two eminent historians, one 
conversant with the ancient period and the other with the 
medieval period, have been appointed as guest scientists to 
develop capabilities among young scholars. Second, the 
scholars are required to have a fresh look at the historical 
development of science and technology in India. Also, there 
are constraints as to the access to the basic sources for 
evidence. Access to such resources are to be developed 
I through translation from classical languages and sufficient 
; bibliographical work. Sources in Sanskrit, Persian and 
Arabic are being developed through translation of selected 
texts in English, Hindi and Urdu. 

In addition, for the work on the history of science and 
technology in the Indian culture, a ‘National Archives for 
Science and Technology' is being built at the institute. It is 
intended to locate, identify and retrieve science and 
technology information contained in the hitherto unex¬ 
ploited archival sources of the country and keep them at 
one place so a& to make them available to scientists and 
technologists who would like to work on the development of 
science and technology in India as well as to planners, 
policy-makers, administrators, scientists and technologists 
through appropriate reference media. 


A. Rahman 


A eonfidmt artel poatura aho^ a J®"- 

ba it mala or famala. Raaaamh haa prm^ that a tall 
poatura la more appealing to the oppoaita aax. Are yo u 
being denied the good thinga of IWa |uat bacauaa of a poor 

poatura? Dank daapalr.whatauarba your age and __ 
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GOSH! IT’S 
NEITHER A 
SHEEP NOR A 
GOAT 

T AKK ii klo^e look at the nnimals in the 
photnjjrdphs here Are they iloals or 
sheep? Well, neither vet both. They are, in 
fact, -sheep goat chimera.s with characteris¬ 
tics ot both these animals. The one on the 
left has mixed fleeLC. horns of a goat, but 
tw'isted like a sheep's, and blood with red 
cells ot both sheep and goat, it behaves like 
a male goat but has proved inlertile in 
natural matings with female goats. The 
animals on the right are sheep-goat 
chimera (standing) and its .sheep twin 
(sitting). The chimera has hairv bands and 
patches on the neck and trunk, characteris 
tic of g4»at hail. Othenvi.se the pattern of 
pigmentation in it is not ditlerent ftom that 
seen in it.s sheep twin 

rhe.se weird animals aie the results oi 
techniques of manipulation ot embryos and 
then subseguent implantations in female 
membeis ot goal and sheep 
In I Kos.sanl and \V I. Krels 

reported the produclKHi ol rodent chimeras 
of .Vi/.s 'fi/,s caro// Hithertc^. this 

has been (he onK published wotk where 
viable maininalian thimera.s weie produced 
bv lhe.se techniques The two mice species 
were closeh related, thougli not normalK 
interbreeding Kxperimenls with higher 
animals witir ven dilteienl ;^enetic consti 
tutnin" (like the ckniiestu sheep -t>\7s 
Jn- ."i) and ‘he doiriesru goal, (a/v./ 
/jf/c’i/s L’n= hii) which d<» iinl cios.s and 

pioduce Mahic oltspnng hid tailed 
Twii iccent reports «ine horn (he I K and 
the «»lhei horn tiermam. published 
fogelhci in V.i/i//e h'l07. (i.(i and (kI 7). 
H'eni t" be (he hi'.! siuce.Nslnl .dtenipt.s at 
pioclncinv. inieispei ilK chnneias Now* the 
po^Mbi'itii* ot pniJiumg niupnng between 
di\‘ I'', aiiiiiials. like ^ c»»w and horse or a 
/ebi.i .Mul .1 dii'i -n ti sheep and a giuil df» 
not Si cm leiiioU 

1 hough [he cle\vh'pnic‘nl or embrvos in 
dillcTLiil osiiani'ins \’an in detail thev tall 
into ,i bicMd r •tti u' till leihliscd ovum ol 
an .inirnal soon siait, dividing in a c'harac 
teii.slu nunMier (oiii eight- nuiti celled 
stage and Ifien a miIiJ xjiiuie ol cells, called 
the morula is toiined \\w ceils lontiniie to 
divide, a cavi(\ i»»nns giviny use to the 
hlastuia. a single cell-iaveix J hollow spheii 



Continued cell divisions lead to gastrulation 
and to subsequent evolution of the three 
tissue layers—ectoderm, mesoderm and 
endoderm. Later these three layers attain 
the structural and functional specialisation 
of the adult stage. 

The team of scientists at the .Mrc Institute 
of Animal Physiology, Cambridge, UK. 
carried ('Ut three senes ol experiments on 
the emhr>'os of goat and sheep. In the first 
and second series, single blastomeres or 
individual cells from 4-cell and 8-cell goat 
emhr>’os were combined with blastomeres 
from similarly developed sheep embryos. 
These composite embr\’os were embedded 
in dgat which held them clo.selv together and 
then tran.stened to .sheep oviducts for lour 
Ol five davs Krom there thev were flushed 
out once again and examined for further 
devekipment. Tho.se embryos which de¬ 
veloped into normallv organised masses of 
cell.s were then transferred to the original 
females (slieef) nr goat) from which the 
blastomeres weu* taken. 

In the next expeiimenl. the inner cell 
mass and the p(»lar riulrilive cells from 
da\-S goat enibrx'onic mass (bla.stocysts) 
were inserted into dav-8 sheep blastocysts. 
Reciprocal embrx’o-monipulations were also 
made These eel) ma.sses were then transfer¬ 
red to sheep 4>r goat recipients. 

Diffeient embix'onic cell-combinations 
gave vai lahle degrees ol sheep-goat chimer- 
isin In Nhoit. sheep-goat blastomeres 
foimed compo.site cell-mas.ses which were 
viable and gave ri.se In oflspimg which were 
sheep-goat chimeras .Also, a goat foetus 
tniild develop to full teim in sheep and vice 
vtisa The high abortion rate or the low 
degree ot chimerism encountered in .s«)me 
iristarice.s is attributed ov the authois to a 
teal turn of the recipient females against 
certain componenl.s ot the chimeric 
embn4> luilher. the authors al.so claim 
that It IS pussible to completely neutiali.se 
inHompalihilitv. the tendenev to ielect 
toieign tissue, between two diflerent animal 
species This can he achieved by construct¬ 
ing till chimeiic emhrx'o .siuh that, the 
growing emhyonic mas.s' surrounding nut¬ 
ritional layer (trophectuderm) is made up 
entirelv of cell.s belonging to the same 





species as the recipients * 

The fact that the cell constitution of a 
chimeric embryo is of great importance in 
achieving full-term pregnancy in inters- 
pecies crosses, has been further demons¬ 
trated and confirmed by S. M.Jilmann and 
B. Meinecke of Institute fur Tierzucht 
Haustiergenetik der Justus-Liebig- 
Universilat. Giessen, and Amhulatorische 
und Geburtshifliche Vetennarklinik der 
Justu.s-Liebig-Universitat Gie.ssen. Ger-. 
many, in the second pubiicatiun in the 
same i.ssue of Nature. Interspecific chimeric 
embr>'os (sheep bia.stomeres of the 4-cel I 
.stage with two goat blastomeres of the 
8-cell stage or two sheep blastomeres of the 
eaily 8-celi stage with two goat blastomeres 
of the late 8-cell stage) were transferred to 
an intermediate recipient and then again 
recovered and transferred to sheep reci¬ 
pients when they had reached the hlastocyte 
stage. Only three of the total of 15 reci¬ 
pients gave birth to two sheep and one 
goat-lamh' one of the sheep-lamhs was 
.still-born. Chimenc features could not be 
.seen in the offspring. Cvtological and diffe¬ 
ient blood and protein tests al.su did net 
indicate chimerism of the offspring 
These experiments indicate that during 
embryo development a strong protective 
mechanism operates which normally pre¬ 
vents Its ejection. In turn. thi.s same 
mechanism rejects any foreign mass. 
However, embryo manipulation and its 
implantation can succes.sfully overcome 
this barrier by proper design of the 
embryonic cell-mass to be implanted The 
lecugnitiun of a chimeric or a foreign 
embryo by the recipient can be prevented bv 
choosing the right type of cells to construct 
the chimeric embr>'o The outer ceils or 
those on the surface of the embrj'o which 
come in direct contact with the female 
recipient .should belong to the species into 
which the embryo has been transferred. 

The findings of this research will help in 
better understanding of the basic mechan¬ 
isms involved in tissue rejection and other 
allied phenomena like species-barrier, etc. 
They may also help in producing new types 
of animals with sets of desirable characters. 

B. S. Nahi^M 
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Yoghurt reassessed 

M any people complain of diarrhoea and 
crampy abdominal pains on drinking 
milk. Once this was attributed to milk 
allergy. However, since the last 30 years it is 
known that this is not due to milk allergy 
4ut due to poor digestion of lactose, a sugar 
Found in milk. Normally, lactose is digested 
by an enzyme, lactase, produced by intes¬ 
tinal cells. Lactase hydrolyses lactose to 
glucose and galactose In the absence of 
lacta.se, lactose is not hydrolysed and le- 
mams in the lumen of the intestine where it 
acts osmotically to retain water. This reten¬ 
tion and subsequent fermentation pn»duces 
variable bloating, cramping, borborygmi 
and diarrhoea. The fear of crampy-pain and 
diarrhoea stops many ddull.s from taking 
enough milk leading to protein dehciency 
and .subsequent malnutrition This is p^irti 
cularly true in populations which are vege- 
^ tarian or which do not have enough to eat 
and drink. 

Majorit\ of children have enough lactase 
for the dige.stion of ingested milk Usually, 
normal humans may hecome lactase- 
deficient by the first or second decade of 
their lives and hence lacto.se (milk) intoler¬ 
ance is more common in adults than in 
children. This normal decline in lactase 
activity is determined by an autosomal 
recessive mechanism and is not influenced 
by dietary lactose. Uctase deficiency is seen 
more commonly where people are already 
affected with a syndrome (tropical sprue), 
characteri.sed by impaired absorption of 
food, water and minerals by the small 
inte.stine. or where the population is com¬ 
monly affected with enleiitis (inflammation 
of the intestinal tract), giardiasis (a type of 
diarrhoea), cystic fibrosis of pancreas, 
ulcerative colitis and other bacterial infec¬ 
tions of the small intestine. Significantly, as 
many as 35 per cent (nearly one-third) of 
the normal Indian population is affected 
with lactase deficiency 
Curd and hutter-milk use is common in 
Indian households and in south-ea.st Asia. 
Only recently their use has increased in 
Western countries where very few can think 
of making curds at home, especially when 
several flavours of it are available in food 
stores. For the treatment of Sangrabani 
(tropical sprue, characterised by flatulence 
^and diarrhoea), yoghurt and butter-milk 
T were advocated as early as 2,500 years ago 
in the Charak-S^nhita. A recent report 
{New England Journal of Medicine 310 84) 


What was advocated 2,500 years ago in Charak Sanhita 
is being said today about curds 


confirm.s better absorption of lactose in 
lactase-deficient population.s—they 
absorbed lactose in yoghurt better than 
lacto.se m milk. 

The above report will definitely delight 
the yoghurt-lovers. Ingestion of 18 grams of 
lactose in yoghurt resulted in only about 
one-third as much hydrogen excretion as a 
similar load of lactose in milk or water. This 
indicates a much better absorption of 
lactose in yoghurt. The enhanced absorp¬ 
tion of lactose in yoghurt appeared to result 
(rom the mlraintestinal digestion of lactose 
by lacta.se released from the yoghurt organ¬ 
isms. This auto-digesting feature makes 
yoghurt by lactase-deficient populations and 
lactase deficient person.s Thi.s may also 
explain the widespread consumption of 
yogurt by laclase-deficient populations and 
m the West many adults who are not of 
northern F)uropean origin are lacta.se- 
deficient 

A large number ol Indians are vegetarians 
with a low dietary intake of protein. These 
vegetarians could improve therr tolerance 
of milk and intake of miik-protein by 
reverting back to yoghurt and butter-milk 
which Charak Sanhita advocated 2,500 
years ago. 

B. D. Pimparkar 

Dr hmparkat is a fhnnrarij Physiciun and 
C,astr(ienti*roloQist at thk' C S Mcdnal ('of/egt* 
and the KEM t/uspitat, Parel tiumhai/ 


Carbon isotope in 
natural radioactivity 

T MOSK (»t US who hciievc lhal alpha is Ihe 
heaviest parlu’e eniiUed duimg natural 
radioactivity aie in for a hig surpiise. \\ I 
Rose and C A Jones, .sucntisls from Ihc 
l'ni\'ers:tY of Oxiord. UK. report I Xaturc 307 
245) that Ihev have verv gi'od 
reasons to conclude lhal an occasional 
carhon-14 nucleus is also emitted as a detas 
product from radium-223 iKa 223). nor 
rnally believed to he an alpha emitter This 
bizarre event, howevei. is so laie that onlv 
one was observed for as many as 1.000 
million alpha emi.s.sin;is. 

Prodded bv a sixth—oi tourteenth 
sense, the scienti.sts set out to look for 
abnormalities in the decay ot Ka-223. In an 


observation that lasted over .several months, 
thev were indeed able to identitv the 
emission of a particle much heavier than 
alpha. Separating such events fiom a piie- 
up ot alpha pul.ses was nut an easy loh. 
Using technique.s famiiiai in nuclear ex¬ 
perimentation. thev w'erc* able to reject 
events due (o pile-iip. provided the indi¬ 
vidual dtplia.s in the event weie separated by 
ovei 100 nano.secoiids And the charge was 
identitied unambiguously with a .solid-state 
countei telescope 

l.eaving aside experiments. Joes the 
theorv ot radioactive decav accommodate 
such unusual decay schemes'* What arc the 
chances (or a particle like carhon-14 to 
form in the nucleus and subsequenlW 
e.scape from lU' Quantum mechanics tells us 
that an alpha particle tunnels through the 
nuclear harnei 

Ko.se and Jones liave applied such tticore- 
tical consideiatifin.s to inleipret their 
ubserx'ed ralio ol 8 3 ± 2 I In carbon 
nuclei pet alpha particle and inter "the 
emission ol carbon 14 from Ka-22.i virtual 
Iv selects itself out as the explanation ol our 
data " They helieve that similar hv fia.s.s 
decays must he occuiring in other nuclides 
of this region as well, more likely leading to 
the douhiv magic niu lens l*h-2l)8 and its 
neighhoiirho<»d 

Kiglil now the question is whether simi¬ 
lar studies will show up more such exotic 
decays, howevei lew and far between thev 
rnav be What practieal uses such decav 
modes could he put into will be the next 
question Will this pi ovule a means of 
dating geological samples remains to be 
seen 

Kadioccirhon d.thng methods using car¬ 
bon 14. now \videl\ used 'oi arcfiaeolngical 
samples is basi-d on measuring the concen¬ 
tration ol wirhon n in organic tem.MMs 
such as hail hinje wood etc Will this new 
mode of decav entail anothei cor ret tion for 
the initial concentration ot larhon i'l lor 
'•)me ol the samples used in i.idio caihf>n 
dating^ It seems unlikelv as iiMiiium is 
present in such low levels .is one part per 
million in locks and one pai! pei hillmn m 
the sea water I 2.t‘) ironr whuli Ka 223 
nriginat(‘s torms onK a small traction ( 7 
per cent I of it \dded I., this is !h.- MMt\ o| 
the event ilsell which has escaped aitenlion 
for over ninety vears .since natuial raclioac 
tivily has been knerwn 

Indira Murthy 

Dr. ^lutthv IS fin the editnnift ^tutt ut Si// a/ 
7Vv>n 
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How has the theory of general relativity 
fared in the seventy years since it was 
propounded? 


; 



I N 1915i Albert Einstein proposed 
the general theory of relativity. The 
theory was the outcome of intense 
thinking on the part of its creator 
on problems of space, time, motion and 
gravitation. It is unusual for a physical 
theory to be born this way. Generally, a 
theory is born when experiments and 
observations show up some unex< 
plained phenomena. Newton's law of 
gravitation (which general relativity 
was meant to supplant), for instance, 
came out of efforts to explain the 
observed motions of planets and the 
Moon. The electromagnetic theory 
took shape through constant interac¬ 
tions of theory and experiments. Even 
ideas on the special theory of relativity 
(Einstein’s first major achievement of a 
decade earlier) were in the air' since 
the days of the Michelson-Morley ex¬ 
periment. But there were no such 
challenges which motivated general 
relativity. 

Theories born in such isolation from 
the observational situation often turn 
out to be sterile and are soon forgotten. 
This year, general relativity enters its 
seventieth year. How has the theory 
fared in this interval which has seen 
dramatic advances in science on all 
fronts? What is left of it if we subtract 
away all the charisma and mystique 
built round it in Einstein's life time? To 
what extent has the theory contributed 
to the growth of theoretical physics at 
the fundamental level? And then the 
'bread and butter question': ‘how has 
the theory stood up to observational 
tests?' Let us try to answer these 
questions from the modern standpoint 
But first, what is relativity all about? 

in 1686-87, Isaac Newton published 
his famous treatise. Prindpia (The long 
title translates to Mathematical Fnnct 
pies ot Natural Philosophy). This work 
laid solid foundations for physics- 
foundations that survived for two cen¬ 
turies. Of the several aspects that 
Newton covered, ttie two fundamental 
ones, the laws of motion and the law of 
gravitation, are of concern here 
The laws of motion describe how and 
why things move. Newton's laws tell us 
that all bodies in the universe possess 


the property ol inertia because of which 
they resist any externally imposed 
changes ot their state. Thus a body will 
continue to be in a state of rest or of 
uniform speed in a straight line if no 
external force acts on it. And if such a 
force does acl on it. the resulting 
change of state is measured by the 
acceleration of the body. This accelera¬ 
tion, for a given external force, is large 
for a body of small inertia and small for 
a body of large inertia. You can lift a cat 


and move it around, but any force you 
exert cannot budge an elephant which 
has far greater inertia than the cat. 

Now acceleration is the rate of 
change of velocity while velocity is the 
rate of change of position of the body. 
Naturally, to quantify these notions, 
Newton needed the concept of space 
and time. After spending an agonising 
time over these basic issues, Newton 
finally arrived at the concept of abso¬ 
lute space and absolute time. The idea 
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if; of absolute time is visualised by im- 
laginini! a unique clock of nature which 
y serves as the timekeeping device for all 
I events and all observers. Likewise, 
I absolute space provides the backdrop 
I against which all velocities and acceler- 
^ atipns are measured. These laws of 
I mf^tions worked well and thereby gen> 
f erated confidence, bordering on total 
\ faith, in the Newtonian system. What 
; was forgotten was the fact that in the 
last analysis the Newtonian laws were 
, based on concepts of spacetime that 
were assumptions, not absolute truths. 

It was these assumptions that Ein¬ 
stein challenged when he proposed the 
special theory of relativity in 1905. 
Einstein argued that in concrete terms 
there was no unique backdrop that 
could serve as absolute space and so, in 
' principle, all observers with uniform 
“'velocities relative to each other were 
equivalent in status. 


He made a distinction between two 
types of observers: the inertial ones on 
whom no external force acts and the 
rest, non-inertial ones. Observers of 
the former category should, according 
to Einstein, have the same formal 
physical description of the universe 
The basic laws governing the electro¬ 
magnetic phenomena do exhibit this 
feature, for example—provided we are 
twilling to give up the Newtonian con¬ 
cepts of absolute space and time. 

I For a person, who is standing on a 
platform, the express train appears to 
move very fast as it rushes through the 
station. However, the same train, when 
viewed by a motor car driver moving 
along a parallel road, does not appear 
to move so fast; the observed speed of 
the train in the two cases is different. 
In the case of light, however, the same 
speed IS measured by all observers even 
though they are moving relative to one 
another. This required a new rule of 
addition of velocities. Special relativity, 
in fact, provided the new rules on how 
spacetime measurements are to be 
made. And these rules required giving 
the notions of absolute space and 
time. The resulting changes in the laws 
of motion were stated by {Einstein in 
the 1905 paper and out of these 



isMMc Newton 


Aiberi Einstein 


emerged the famous general relation 
E = mc^ between energy and mass. 

So much for special relativity. Where 
docs general relativity come in? The 
general theory provided an alternative 
to the law of gravitation. According to 
Newton, gravitation is a property ot 
nature that generates a force of attrac¬ 
tion between any two material bodies. 
It IS this force that drives the planets 
round the Sun and the satellites round 
the planets. Had there been no force of 
attraction between the Earth and the 
Sun, the Earth would have continued 
on a straight path with uniform speed 
as per Newton's first law of motion, 
instead of following an elliptical orbit. 

Einstein’s way of looking at the 
phemenon of gravitation was radically 
different. Einstein noted that since 



Fig. 1 According to Newton, graiilathn is 
a property of nature that generates a force 
of attraction between any two material 
bodies, it is this force that drives the 
pianets round the Sun: had there been no 
force of attraction between the Earth and 
the Sun, the Earth would have continued 
on a straight path with uniform speed. 
According to Einstein, however, the Earth 
is not going round the Sun because of any 
‘^force** of attraction between them but 
because the spacetime round the Sun is 
curved (see opposite page), Einstein calcu¬ 
lated that the geometry round the Sun is so 
different from that of Euclid that planetary 
motion indeed Is ‘*straightiine motion with 
uniform speed'" 


gravity as an interaction operates be¬ 
tween all material bodies, there is no 
part of space that is free from it. Nor 
can gravity be ‘^switched off' in a given 
region, as electricity can be. This 
omnipresence of gravity can be under¬ 
stood if it is linked to another omnipre¬ 
sent physical entity: space and time. 
Einstein achieved this link by means'Of 
geometry. 

Geometry as a subject deals with the 
mea.surements of spatial distances and 
angles. At school we learn Euclid’s 
geometry not just because it is the 
simplest geometry but also becau.se it 
has practical applications in everyday 
life. But thene are other geometries, 
which do not follow Euclid's basic 
postulates. Theorems ba.sed on these 
non-Euclidean geometries can be quite 
different from tho.se we are familiar 
with. For example, the theorem that 
the three angles of a triangle add up to 
180" doe.s not hold in non-Euclidean 
geometries. 

Using the.se non-Euclidean ge<>mel- 
ries, Einstein propo.sed the hypothesis 
of “curved .spacetime" that holds the 
key to general relativity. The basic idea 
can be illustrated with the Sun-Earth 
example. Why do planets go round the 
Sun in elliptical orbits? Not. according 
to Einstein, because of any “force" of 
attraction between them, but becau.se 
the spacetime round the Sun is curved 
(p. 20) New rules of geometry apply 
h^re. The criterion of deciding “what is 
a straight line''" of Cf)ur.se depend.s on 
what geometry we u.se. Einstein calcu 
lated that the geornelr>' around the Sun 
IS so different from that of Euclid's that 
planetary motion indeed is “straight- 
line motion with uniform speed" 
according to the new geijmetry* To 
anyone lociking at Fig. 1 this .statement 
will appear incredible. But it happens 
to be correct. So general relativity 
“eliminated” gravit>' as a force but 
instead argued that the effects of grav¬ 
ity are manifested through the non- 





Kuclidean ftcomelry (if spact* and time. 
This w(irld“Vicw si*pdiales jifneral re¬ 
lativity from Newtrin’s law of gravita- 
tKin by a gap that is far wider than the 
fiap that .separated speLial relativity 
from the Newtonian notions of abso¬ 
lute .space and lime 

Tests for general relativity 

The piogiess of theoretical phy.sics 
has bv and large been gradual with a 
few glaf’ing eueplions. The exceptions 
are highlighted by the discontinuous 
changes of concepts which suddenly 
inagnifv the physicist s vision. I can 
enuineiale these exceptions since they 
die so lew* the laws of motions and 
giavitation hv Newton (lf)87), the uni 
ficafion ol eleclucity and magneti.sm 
into electromagnetic theory hv Maxwell 
the birth of quantum Iheoiy in 
1900. the origin of special relativity in 
and that of general lelalivitv m 

1915 

Kven so. trie jump ol concepts from 
1905 to 1915 was drastic. Although in 
general relativity Kinsitin used tlu^ 
ioncepts ol LUivcd space and time, a 
concept that wa.s known m abslitict 
form to nineteenth century mathema¬ 
ticians like Gdu.ss, Lohati hcvskv, 
holvai and Riemann, Kinslein's (»rigin- 
alitv lay in his appreciation that among 
all natural forces gravity was somewhat 
special and therefore needed a special 
treatment. Ills equations of general 
relativity giv'^ a quantitative descrip 
tion of tiow the elements of non 
Liklidean geometrx' cf .space and lime 
aie related to the distribution ol matter 
and energy in it 

U'e diM.us.sed how the planelarv tia 
lei tones are regaided by general 
U'l.ilicity Fig. 2 illustrates the same 
con^eptN toi a light ray. Suppose wi 
lake the path of a light ray as describ 
ing a st«^aight line In Fig 2ta) a 
straight line is drawn. ac\'ort/;/?g ttf the 
rules ')/ huelids geomefrv. neai a 
ma.ssive obie« t. In Fig 2(b). a straight 
line IS diawn according to tlie rules ol 
non-Fuclidean geometr>’ that tm- 
slein’s equations prescribe. It does not 
look ‘slraight* to us since we are 
accustomed to Euclid’s geometry. 

22 .st'ivwrK TnruY mav ihua 
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F/g. 2(a) The path of a tight ray (discribing a straight iine) near a massive object, drawn 
according to the rates of Euciid's geometry. In Fig. 2(b), a straight iine is drawn 
according to the rates of non-Euciidean geometry that reiatMty prescribes: a tight ray is 
bent as it passes dose to the Sun 


Clearly, the situation can. m princi¬ 
ple, be tested. It the light ravs from a 
remote star can be seen grazing the 
surface of the Sun, we can decide hy 
looking at the star’s image which of the 
two ca.ses actually hold.s m practice. Ol 
cour.se. to be able to .see a star near the 
Sun. the Sun must he totally covered, 
or we need a total solar eclipse for 
observations 

Mow would such an experiment be 
performed'' Suppose .istronomers 
ob.seive the posit'on of a star con- 
tiruiouslv :i? the .solar disc crosses its 
line ol sigtit When the ray from the 
.star grazes the .solar disc, it would be 
bent md tile star's image on the 
photographic plate should show a 
marked displacement. From such a 
shift in the stellar position we can 
estimate the net bending of the ray. 

This important fact was appreciated 
by the English astronomer Sir Arthur 


Stanley Eddington who was ptimarily 
responsible for organising such an ^ 
experiment during the total solar . 
eclipse of 1919. The ob.scrvations taken^l 
at Sobral in Brazil and Principe in the, 
(lUlf of Ciuinea did confirm the picure 
2(b) And with it Einstein became a ■ 
celebrity. 

In relro.spect, judged by modern 
standards of observational accuracy, 
the 1919 result was far from decisive. 
There were many observational uncer¬ 
tainties in the actual measurements 
whicfi made the result inconclusive. 
One major uncertainty was whether 
the bending was produced by the re¬ 
fraction of the ray while passing 
through the hot corona that surrounds 
the visible solar disc, or was it really 
due to the Einstein effect. Despite 
many observations after 1919. the re¬ 
sult remained inconclusive during Ein¬ 
stein's life time. 
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However, studies using microwaves 
conclusively demonstrated in 1975 the 
correctness- of the prediction made by 
general relativity. Microwaves from the 
quam 3C 279 were observed and were 
found to bend (as .measured by the shill 
in the quasar’s location) by the amount 
predicted by general relativity. And the 
'uncertainty of microwaves being bent 
by refraction is very small. 

General relativity, in fact, offers very 
few observations that can be tested. 
What are the other possible tests, 
besides the 'bending' of light? Several 
decades of observations had shown 
even in the last century that the orbit 
of Mercury is not exactly elliptical as 
first found by Kepler by observations 
and as later explained by Newton using 
his law of gravitation. As shown in Pig. 
3, the orbit as a whole slowly rotates in 
space. This is seen from the fact that 
the direction from the Sun to the point 
of closest approach (called the perihe¬ 
lion) slowly rotates in the same sense 
that the planet goes round the Sun. 
This phenomenon is called the advance 
of the perihelion of Mercury and its 
rate is estimated to be about 575 arc 
second per century. Why does it 
happen? 

An arc second is an angular measure 
equalling 3600th part of a degree. The 
rate of perihelion advance for Mercury 
is therefore quite small (it is much 
smaller for other planets). Small 
though it is, it was large enough to 
worry astronomers in the last century 
like Le Verrier who postulated a* new 
planet, which he named Vulcan, even 
closer to the Sun than Mercury. Such a 
planet presumably disturbed Mercury's 
orbit but the planet was not found. 
(This trick of postulating a new planet 
to explain the discrepancies in the orbit 
of an existing planet nad worked ear¬ 
lier; in 1846, both Adams and Le 
Verrier had deduced the existence of 
Neptune from studies of the orbit of 
Uranus.) 

Now the fact is. Mercury’s orbit is 
. also disturbed by other planets like 
Venus, Earth and Jupiter and their 
combined effect is to push the perihe¬ 
lion by about 532 arc sec per century. 


Thus Newtonian gravity accounts for 
more than 921^ per cent of the 
observed effect. It was the unaccounted 
7 V 2 per cent that was nagging astro¬ 
nomers like Le Verrier. General relativ¬ 
ity clearly predicted that the Sun’s 
effect alone should advance the perihe¬ 
lion of Mercury by 43 arc sec per 
century. Thus it fills the gap almost 
exactly, fndeed this agreement has 
been one of the feathers in the cap of 
general relativity. 

I have always felt that this agreement 
between theory and observations is too 
close for comfort. There are at least two 
reasons for looking at the result more 
closely. First, if the Sun were not 
exactly spherical but were oblate like 
the Earth (that is. flattened at the pole.s 


due to rotation), then its gravitational 
force on Mercury is slightly modified. 
This small difference would contribute 
to the observed perihelion advance. 
Second, how accurate is the 
nineteenth-century theoretical value of 
532 arc sec per century for the effects 
of other planets on Mercury’s orbit? 
With highly accurate computer prog¬ 
rammes now available and the im¬ 
proved estimates of values of planetary 
masses and distances, we should 
recheck this. 

Recently my colleague N. C. Rana 
and I undertook such a computation. 
We had the advantage of a recently 
developed highly accurate computer 
programme by Svernc Aarseth at Cam¬ 
bridge. This programme computes how 







a system consistin^i of many massive 
bodies evolves as the bodies move in 
one another’s gravitational attraction. 
Thus we were able to apply the prog- 
lamme to investigate how the other 
planets influence the motion of Mer¬ 
cury. To our surprise, we found that 
the value is actually somewhat lower— 
530 arc sec per century. Thus the 
unaccounted balance does not match 
what is predicted by general relativity 
but leaves a gap of about 2 arc sec per 
century. This, we feel, could be due to 
the solar oblateness. Whether we are 
right or wrong, the above example 
illustrates the need for taking a fresh 
look at well-established old calcula¬ 
tions using new techniques. 

Another test of general relativity 
which has become possible through 
modern technology is the expected 
del^y in a round trip radar signal when 
its path goes close to the surface of the 
Sun. Fig. 4 illustrates the experiment 
undertaken in 1975 with the help of 
^riner spacecraft. As with the bend¬ 
ing of light, the expected time delay of 
around 200 microsecond (1 microse¬ 
cond = millionth part of a second) for 
microwave radar signals from the 
Earth to be reflected back from the 
spacecraft has been observed within 3 
per cent errors limits. Thus another 
prediction of general relativity has been 
vindicated. 

The bending ol light, the advance of 
the perihelion of Mercury and the delay 
in radar signal eciioes are the three 
tests which quantitatively substantiate 
the general theory ol relativity. Is this 
evidence sufficient to geneiate confi¬ 
dence m the theory? I will return to 
this question later. 

After Einstein 

Tlie charisma ot Kiastcin and tlie 
awe in which he was held during his 
lifetime are typified by the following 
verse. 

To Einstein, hair jnd violin, 
we give our finiil nod. 

Though understood by lust t»’o folks, 
himself—and sometime—Ond! 

In the early days of general relativity it 
was said that only three scientists 
understood the theory. The number 3 



Fig. 4 The path of the microwave radat 
signal as It passes close to the Sun. The 
return of the signal to the &rlh after 
reflection from the spacecraft Is delajied 
fractionally 


has no special significance and it could 
as well be 2.6 or 10, depending on who 
tells the anecdote. It reflects, however, 
the mystique that had developed 
around the theory, which set it apart 
on a high pedestal." 

The situation changed dramatically 
in the two decades that followed Ein¬ 
stein's death in 1955. Rival theories 
grew up while the general theory itself 
was probed for new insights into the 
phenomenon of gravitation. The Brans- 
Dicke theory, the Hoyie-Narlikar 
theory and Dirac's theory are examples 
of alternative approaches to gravity. 
The inevitability of spacetime singular¬ 
ity, where the known laws of physics 
break down, the nature of gravitational 
radiation, black hole physics and the 
positive mass theorem are results to 
come out of general relativity in the 
post-Einstein era. Let us look at these 
post-Einstein developments briefly. 

That rival theori.s for gravity should 
spring up is certainly a healthy aspect 
of current developments. Of these 
theories, the Brans-Dicke theory 
offered the strongest challenge to ex¬ 
perimental techniques to distinguish 
between it and general relativity. The 
various tests in the solar system de- 
.scribed earlier arose in response to this 
challenge and their verdict has been in 
favoui of general relativity. 


Both the Brans-Dicke and the Hoyie- 
Narlikar theories came out of attempts 
to incorporate Mach’s principle in a 
theory of gravity—a principle that Ein- 
.stein once regarded highly. Mach had 
argued that the inertia of matter 
(which we discussed in the context of ^ 
Newton's laws of motion) is not just an ' 
intrinsic property of matter but that it ’ 
owes its origin to the largescale struc¬ 
ture of the universe as well (see box on 
p. 23). It was his failure to incorporate 
this principle into general relativity 
that eventually led Einstein to disillu¬ 
sionment with Mach’s ideas. To those 
physicists who value Mach’s ideas, the 
general theory of relativity will inevit¬ 
ably appear an incomplete theory. 

Dirac's theory arose out of the mys¬ 
tery of the so-called large dimension¬ 
less numbers in physics. Why should 
numbers as large as 10*’ appear when 
the microscopic properties of the uni¬ 
verse are compared to its largescale 
properties? 

Although general relativity was the 
first to produce viable models of the uni¬ 
verse. this question remained un¬ 
answered. Dirac's theory atteinpts to 
explain it and out of such attempts 
emerges the result that the gravitation¬ 
al constant G is not really constant but 
should change with time. 

Some models of the universe in the 
Brans-Dicke and Hoyie-Narlikar 
theories also make such a prediction. 
The estimated rate is small, of the 
order of a few parts in hundred billion 
per year. Atomic clocks coupled with 
astronomical observations of the Moon 
and the planets can in principle detect 
so small a variation. According to these 
theories, for example, there is small 
but detectable change in the period of 
the Moon's orbit around the Earth. Van 
Flandern of the U.S. Naval Research 
Observatory in Washington D.C. had 
claimed on the basis of his measure¬ 
ments of the Moon’s positions as re¬ 
cently as in 1981 that G does appear to 
decrease with time at a rate of the 
above order. However, more recently, 
in October 1983, a detailed analysis of 
range measurements from the Deep 
Space Network in the USA to the ViWng 
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Lander on Mars led to the conclusion 
that G-variation, if at all present, must 
be considerably smaller than this pre¬ 
dicted rate (no more than few parts in a 
thousand billion). 

General relativity takes it for granted 
that G is a fixed constant of nature. A 
j^jxed G would therefore support gener- 
)ji relativity, while a variable G would 
destory it. Can such an important 
measurement be performed in the 
laboratory free from astronomical 
ambiguities? Present day technology 
does hold out such a hope, but to 
translate it into reality requires high 
levels of experimental sophistication. 
The gravity experiments undertaken by 
K. Cowsik at the Tata Institute of 
Fundamental Research in Bombay are 
expected to achieve this. 

Although each of these theoretical 
develoilments in the post-Einstein 
period ranks as a miqor achievement in 
theoretical physics, they have all high¬ 
lighted the complex and, in some cases, 
highly intractable nature of general 
relativity. This present awareness may 
appear deceptively similar to the early 
reputation of general relativity as a 
“difficult theory". Deceptively, for in 
the second decade of this century 
physicists found general relativity diffi¬ 
cult because they did not understand it 
while in the present times they find it 
difficult because they do understand it. 

For example, the work of the late 
1960's leads one to the conclusion that 
spacetime singularity is an inescapable 
feature of general relativity (see box 
above). A singularity in this context 
means a break-down of the laws of 
geometry of spare and time including 
measurements of spatial distances and 
time intervals, which are so inherently 
essential for. description of gravity. 
What should one make of a theory 
which leads inevitably to a break-down 
of its own fundamental postulate? 

Uplike electromagnetic radiation 
which led to a much better understand¬ 
ing of electromagnetic phenomena, 
^ gravitational radiation has only led to 
^ an awareness of how complex the 
phenomenon is in general relativity. 
Take a simple example in electro¬ 


magnetic theory. When a wirele.ss 
transmitter is switched on. it emits 
electromagnetic waves. These v^aves 
continue to be emitted until the trans¬ 
mitter is switched off—after which 
there are no more waves. Not so in 
gravity! Experts in gravity have still to 
produce a mathematical description of 
what is meant by the switching on and 
off of a transmitter of gravity waves. 
The mathematical solution which 
works for the electromagnetic trans¬ 
mitter does not give a clue to the 
answer in the case of gravity waves. 

For the last two decades, black holes 
have been a popular field of research in 
general relativity. A black hole is an 
object which is so highly compressed 
that even light is gravitationally pulled 
back from its surface. In other words, 
such an object will be invisible. Its 
presence could nevertheless be de¬ 
duced from the strong gravitational 
pull it exerts on its surroundings. Do 
black holes exist in the universe? The 
answer is “yes" if you are to be guided 
by conjectures and mathematical extra¬ 
polations of what IS known and 
observed, and "no” if you are asked to 
produce concrete evidence. Elegant 
and beautiful though it is, much of the 
work on fundamental properties of 
black holes refers to areas which have 
neither been tested by observation nor 
are likely to be tested m the foreseeable 
future. 

Two factors have contributed to 
make the general theory so JiiikuII to 
handle. And, ironically, both are con.si- 
dered its merits also. One is the proper¬ 
ty of gravity that it is a manifestation of 
spacetime geometry. Thus when situa¬ 
tions of changing gravity are encoun¬ 
tered, one does not know whether to 
look at it purely as a state of changing 
spacetime geometry or identity part of 
the effect as that of a changing gravita¬ 
tional force. For example, one expects 
two stars going round each other in a 
binary system to radiate gravitational 


waves. Normally one visualises a wave i 
as travelling in space. But how does '■} 
one characterise a wave that is also a ! 
manifestation of the changing nature 
of space itself? 

The binary problem is useful in' = 
illustrating the second difficulty also. ' 
The two-body problem which is thk 
basis of Newton's inverse square law of y 
gravitation has not yet been .solved ’ 
rigorously in relativity. Approximate 
solutions exist fur describing binary > 
systems hut these do not help in telling 
us how gravitational effects vary when , 
two highly compact stars (or black ' 
holes) go round each other in clo.sely 
bound orbits. The reason is that Ein¬ 
stein’s equations are what mathemati¬ 
cians call non-linear: the gravitational 
effects of a two-body .system cannot be 
obtained by simply adding up the 
effects that each of the two bodies 
would produce in isolation. 

Finally we come to Einstein's unful¬ 
filled dream—the goal of a unified 
theory. Einstein strongly believed in 
unifying all basic forces of physics, 
although when he put forth the general 
theory of relativity only two—gravita¬ 
tional and electromagnetic—were 
known. So it was not surprising that he 
shouid proceed to unify the two within 
the framework of non-Euciidean 
geometries for space and time. 

That he did not succeed could be due 
to .several reasons whose correctness or 
otherwise wiil be established only when 
unification finally .succeed.*;. Partly he 
failed hecdU.SL he was attempting uni¬ 
fication at the classical level when, as Is 
now realised, most of fundamental 
physics manifests itself at the quantum 
level. In particular, quantum electrody¬ 
namics, the weak and the strong in- 
teractioas, are revealing new facets of 
nature at the microscopic scale only. 
Einstein's attempts were at the macros¬ 
copic levei where these facets are 
smeared out of existence. Current 

Continued on p. 62 
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SCIENTIFICALLY SPEAKING 




HEAD. AEFER and AESPOHD 


Vidya Dhar 

T he suffix “re" usually Cf)nnotes repetition. “Re” is also favoured hy 
reference assistants and researchers (as an avatar of the Latin res which 
signifies a thing nr the matter being referred to). However, in science re 
can also have more than these two connotations, as you can see from the 
appended list of ten words. /Reflect on th^m, read, refer if necessary and res¬ 
pond to us! An.swer.s (m page 75. 


<1) Regeneration: 

(A) Renewal synthesis of a gene 

(B) Replacement ot an severely 
injured ti.ssue 

(C) The later generation 

(2) Regression: 

(A) Motion III reverse 

(B) Psychological aversion to 
aggression 

(C) Mean expectation of one vari¬ 
able relative to other. 

(3) Renal: 

(A) Pertaining to anal aperture 

(B) Pertaining to kidney 

(C) Pertaining to alimentary canal. 


(4) Reagln: 

(A) An mtermediate in the synth¬ 
esis of alcohol 

(B) An antibody responsible for 
allerfiic manifestation 

(C) A harmone responsible for 
the afteinit process 

(5) Realgar: 

(A) Natural Agar 

(B) A substance secreted by algae 

(C) A mineral ore 

(6) Rclaxin: 

(A) A hormone found in the 
serum of pregnant female 

(B) A laxative of plant origin 


(C) A doped impurity which re¬ 
lieves structural stress 

(7) Reamer: 

(A) An instrument to count 
reams of paper 

(B) An instrument to measure 
nonhomogeneity in glass 

(C) A tool used to shape a hole 

(8) Recessive: 

(A) A soft pliable material 

(Bl a gene allele wqhich is not ' 
expressed 

(C) A polymeric molecule which 
undergoes repeated scission 

(9) Rectilinear: 

(A) Resulting from the perimeter 
of a rectangle 

(B) Pertaining to muscles lining 
the rectum 

(C) Consisting of or bounded by 
lines 

(lOIRefractoiy: 

(A) Resistant to a treatment or 
stimulus 

(B) Congenial to repeated frac¬ 
tionation 

(C) Capable of causing refraction 
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CONSULTING ROOM 


ULCERS: The pain in the gut 


G ood morning. MalWi Come* iii Now. 

whdt bring.s you hert*'' 

DfKtor, I haw thi^ pam in the pit ot mv 
stomach tpmntinn to top lviUijI pintion ot 
his belly) for Ibc l<»ur to six weeks In the 
hcp,inninfi. it used to suhsidv tor a few hours 
when I ate !*omvthinp. hut lately the relief 
has become shot I- heed Mso. the intensity 
of the pam ha.s uk teased Sometimes I wake 
up in the middle fit the nipht and have to 
drink a plas*‘ ol milk hetoie I can po to bed 
apain I was hopinp that the pain would 
subside on its own. and now m\' family 
physician has advised me to lonsult you 
before it is too late 

Well, it Is good that you have come now 
First tell me something more about vour 
pain Can you lemember anything special 
which might have triggered the present 
problem'^ 

Conic to think ot it. thcic were many things 
on my mind tor the last few months. Our 
company i.s passing through difficult times 
I was working oveitime My meals had 
become irregular, and my smoking and 
coffee intake bad • i*nsiderahty increased. 
Just before this pain started. I had come 
down with '•evert* flu It was treated bv my 
family physician with aspirin and some 
other tablets Ihit I cannot really a.scnbc my 
pain to anything in particular. 

Do you have any other trouble, besides the 
pain^ Any vomitings Have vou policed any 
jL'hange in the colour of your stools^ Have 
you fell anv hall like structure moving in¬ 
side vour abdomen'' Do vou feel any pain in 
your back or right shouldei'' 

/ do not think I have any one ot those 
svmphmts Hut, sometimes I do get sour 
eiULtatioii'* which icavc a hut mng .sensation 
in the uvdhnc ot mv chc.st 

Have vou iindeigorie any investigations 
betoic^ 

No not toi this pjin 

What tiealmcnl have you taken during last 

four weeks-' 

I haw hccij ivalh medhating mysell I have 
been taking jiitatid tablets whenevvi the 
disi^otnlnit ii'as mndetahie 
Did YOU haw a similar piohlem helore'-' 
\Vs. dot hit I luce vears ago when I was on 
a bu.sirii'ys Itnii I had a similar problem. It 
lasted ti»i about tout to .six weeks At that 
time, I had Lonsulteda doctni who had told 
me that I was sintering from an ulcer m my 
.stomach lie had put me on milk diet and 
antacids and advLsed me to cut down on my 
drinks and kigaiettes lo he truthtul. I 
followed his adviL r tot .some time hut when 
J felt well I could not adhere to these 


icstiictions. Hut, I have done reasonably 
well during the pa.st three vears. Except for 
occas.s!onal discomtorl, particularly after a 
hea\y meal, there was no problem. That too 
u.sed to promptly respond to antacids after a 
few davs But this time it has been a 
ditfeient stor\*. 

Will you please remove your coat and 
shoes> 1 would like to take your weight. 
Your colour looks fine. Your pulse and 
blood pressure are also fine. Now let me 
have a look at your tummy. Can you point 
lo where you feel the pain? Is it tender here? 
Yes, It does hurt. 

Thank you. You can dress up. Let me 
explain your problem to you I think your 
ulcer has recurred. There is nothing to 
worry about it. It is very common for peptic 
ulcers to recur because it is not ea.sy to alter 
either your personality or your habits. I am 
very hopeful that we shall be able to control 
your problem by medical means and with 
your active co-operation we might be able 
to prevent its recurrence. But first I will like 
to get some test.s done 
What are these, doctoi? 

The tirst is a measurement of haemoglobin 
and a stool examination for occult blood 
to exclude any blood loss from the ulcer. 
The second is a good radiological examina¬ 
tion with barium meal to identify the site 
and size of the ulcer. If the latter is 
inconclusive. I may have to get a gastro- 



duodenoscopy done to be sure about the 
diagnosis as well as to confirm at a later 
date that the ulcer has healed. 

What is this gastroduo. . 

It is a procedure of visualising the inside of 
the stomach and duodenum with a instru¬ 
ment, like a telescope. For this, you will 
have to swallow a flexible tube which is 
approximately as wide as your thumb. The 
procedure can be easily done by spraying in 
anaesthetic in your throat. It is safe and 
takes only a short time. You can return to 
your home after the procedure is finished. 
But doctor, what is this peptic ulcer? 

Any ulcer (just like a wound on the skin) on 
the inner lining of stomach and duodenum 
(or at lower end of the food-pipe) which is 
bathed with an acid and pepsin (contents of 
the stomach secretion), is known as a peptic 
ulcer. Usually a peptic ulcer is single and 
chronic. It occurs either in the stomach 
(gastiic ulcer) or in the duodenum 
(duodenal ulcer) But ulcers may also bej 
acute and multiple, superficial abrasions ofj 
the stomach. Although, both gastric and 
duodenal ulcers are labelled as peptic 
ulcers, the clinical course, outcome and 
specific therapy differs for the two kinds of 
ulcers. 

How are these ulcers produced? 

I wish I could tell you the cause of this 
disease, but unfortunately, modern medi¬ 
cine still does not know all the answers. All 



X~ny showing duodenal nicer (ieft). Ulcer 
of the stomach is seen on the right. The 
epithelium lining of the stomach has been 
eaten away hy the ulcer 
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Ulcer formation crosses all socio-economic and occupa¬ 
tional barriers. But for its formation, the presence of 
an acid and pepsin is essential 


{ 


that we can say is that there are some 
predisposinft or precipitating factors. Rut 
then .the information that is availabie is 
quite useful to prevent the recurrence of 
ulcers. The control of the.se factors also 
helps in the healing of ulcers 
helps in the healing of ulcers. 

Although peptic ulcer is often quoted to 

a classical example of psycho.somalic 
%i.sease, it ha.s been reported to cross all 
^ocio-economic and occupational harriers. 
The presence of acid and pepsin seems to be 
e.ssential, but why all indiviJuals do not 
develop peptic ulcer may he related to 
mucosal re.sistance A variety of stimuli may 
.stimulate ga.stric acidity. These include 
certain neural stimuli such as sight, smell 
or thought ol food < through the same 
mechanism anxiety and stress may enhance 
gastric secretion), as well as chemical 
stimuli including certain food items such as 
tea, coffee, alcohol, tobacco, etc Cigarette 
smoking is an important contributory tac- 
tor in the causation of duodenal uker A 
number of drugs, particularly aspirin (and 
other anti-mflammatorv agents) and corti- 
costeroids are notorious lor producing 
ulceration. In certain di.seased states also, 
the incidence of peptic ulcer is fiigh 
Thank you, doctor. / am prepared to t/o as 
you say, hut I must pet back to woik as early 
as possible. 

O K . then here is your piescription. It 
staits with a list of don’ts 

(1) No tea. no toffee, no akohnl. (li) no 
peppers, red. green or black, (.'!) no smok 
mg. no tobacco, and preferably no pan 
masala either. (t) no hurry, worry or currv,' 
and (5) no aspirin, etc particularly <»n an 
empty stomach 

If you follow all these don'ts then you can 
eat anything you like. You do not have to 
take milk and milk alone. The meals mgst 
be frequent (preferably at two hour inter¬ 
vals to begin with—they can he spaced at a 
later date), they should be small and bland 
Cor this, you dt) not have to Slav at home 
You ean lake some milk, biscuits, sand 
wiche.s and ripe fruits with you you can eat 
chiipdtis or rice-and can also take baked or 
boiled meat, etc .And you have to lake only 
one medicine. It is an antacid It is prefer¬ 
able to u.se It in a liquid form But you must 
take It in the quantity prescribed and 
remember that you should lake it one hour 
after meals. 

This diet and drugs must be religiously 
f followed for six weeks, even if vour symp¬ 
toms disappear in few days 
Why have I to take the prescribed quantitv 





Nornnal stamac:h wall 






Acute ulcer 





Chronic ulcor 



Perforation 


A stomach ulcer forms when the strongly acidic gastric Juice, produced by the 
gastric glands, ei^es the stomach lining. An acute uker forms when the 
epithelium lining is destroyed. Left unchecl^, even the muscle iayer may be eaten 
away causing chronic uker. Eventually, the ulcer may perforate the stomach wall 


of medicine after meals only? 

The mainstay of our therapeutic approach is 
to neutralise (he acid production by the 
stomach. The (ood itself acts as an antaud 
m the beginning, but later more acid is 
produced m response to it. If is’ for this 
rea.son that we prescribe antacids one hour 
after meals and also advise frequent meals 
The exact amount of antacid required 
varies for pei:»on to person and brand to 
hiand ol the antacid, hut it has to he 
.sutficienl enough to keep the pH (a mea¬ 
sure of acidily) inside the stomach above 
3 5 all tlie lime. 

Hut (/oes f/i/s large anytuiit oi antacid Lautc 
any side eitetts oi toxn elte^ts 
IViperly chosen antaeids aic alm(»sl free 
trom any side effect The most common 
piohlern witfi antacids is that m .some they 
may produce either diarrhoea or constipa 
lion However, this can be lonlrolled by 
changing the antiuids .Soda bi-carh and 
calcium carbonate aw not recommended 
lor long teirn use Regarding infrequent 
.side one must lemeinher lhat all 

drugs are double edged weapoii.s llowevei. 
judicious use fwliere l^nefits arc more than 
risk.i) undei «lose medical .super\’isioii vii 
tualiy eliminate.s all risks 
isn't there anvthmg better and quicker-' 
Of course, there are other rnedicine.s hut 1 
do not think that they are either bettei or 
quicker A carefully chosen antacid in 
adequate dosage may heal 80 per cent of the 
ulcers in four to six weeks time 


Suppose, I do not get better with this 
treatment, what else can he done^ 

There has been one dramatic development 
in the treatment of peptic ulcer and that is 
the discovery of a new drug called cimeti- 
dine. It IS a very effective drug and can be 
useful even where antacids have failed. The 
dietary precautions have to be similar with 
cimelidme as with antacids and cimetidine 
also takes four to six weeks to heal the 
ulcer. Its succe.ss rate is also about 80 per 
cent. Kven though it is a good drug, it is not 
nece.s.sary to u.se it in all the ca.ses 
Can ulcers be surgically cured? 

In rny opinion the role of surgery should be 
limited to complications or where medical 
treatment has completely failed 
What are these compliLations which may 
requite ^urgety'^ 

Theie are two major complications of peptic 
ulcer One i.s bleeding trom the ulcer, 
r''.sultmg III vomiting of blood (haematemc- 
si.s) or passage of black-tarry stools (male 
na) The second maior complication is that 
of perforation The ulcer may al.so penetrate 
locally or produce an obstruction to the 
emptying of the stomuch 
Thank you dticfor You have realiv removed 
.dl my doubts 

S. S. Agarwal 

Dr Xganval ia a Header in Medu me at the Him 
iUfurge s Medn ai College and C, M ^ Hnspitals, 
Luiknon\ I’.P 
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No other counter can give you this muclt 
data manipulation and flexibility: | 

Airborne Particle Counting, Liquidborne 
Particle Counting Powder Sizing 

★ Choice of Minimum Sensitivity : 

Air 0.3, Liquid 2 0 
Powder 40 micron 

★ Choice of Plow Raf.e 1 0 CPM, 

0.1 CFM or 0 01 CFM 

ir Automatic Calibration & Self- 
diagnostic Capability 
Versatile Alarm £ Data Formats 
if Standard Computer Interface 

The World leader in particle 
contamination technology now 
brings you a totally new counter. 

One with more senser flexibility 
and more capability to manipulate 
data than ever before 



Hnc/ROTCO 

4101 System is ideally suited for INSTRUMENTS DIVISION 
monitoring environment in 
'A' Semiconductor Makers 
At Aerospace Ar Pharmaceutical Labs. 

Ar Besearch Ar Filter Testing 
Ar Industrial Applications 
Ar Powder Sizing 


This mocroprocessor-based, six- 
channel counter functions with 
either of two sensors, each sensor 
offering you a different combination 
of sensitivity and flow rate so that 
you can choose measurement 
parameters that meet the 
requirements of your particular 
application. 
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JLEBetS FLASHTUBES 
OUTSTANDING 
_PERFORMANCE— 


FOR 


Xenon fiashtubes dc krypton arc lamps and short arc dr merrury lamps 
are available from E G & G in a wide variety uf configurations and 
envelope inatenals Tubes are available in linear bulb type, helical U 
shape coaxial and air or liquid cooled designs with a wide range of 
bore ar d an length si/es All linear tube types can be supplied with 
w.ifer couled designs Changes in arc length and mechanical 
configurations are all available upon request 

FLASH TUBES POWER SUPPLIES : F G b G designs and 
rnanufartures power supplies These i»owei supplies are ptoduced 
piimanlv hir OEM applii aiions and designed pet custoiVer requirements 
CERAMIC - METAL THYRATRONS I G h G s Thyratrons ore high 
voltage high current switch tubes whu h ran operate at frequenriesupto 
bfi KH/ Ulili7inij reramir mei.il < onsirui lion the tubes feature small 
i/r .ind extended life and are qii<ili1ied to MIL spec ifii Litioiis 

Alsu riv 'il.ihle from t G b G are Photo Diodes Detecii s/Amplifiers, 
sjit'rk Gaps.Tngger Modules, PholtmieiPis Spectre Radiometers Standard 
CaliliraiHd L.iinps and Strcjposropes 
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ELECTRONIC ENTERPRISES V I 

216, Rt.-gdl Industrial Estate Acharya Donde Marg. Sewme ^ 

Bombay 400 015 Cable TRONIX Bombay 15 Telex 11-71071-ELEN-IN Phone 8827096 
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Don't let 
your gums 
lose their grip 
on your teeth! 


Only Forhai^s has 

an exclusive astringent that strengthens gums. 

And teeth last longer, when your 
gums are stronger. 

71 Tj I] Dr R |. PfM han, an eminent Amei lean 

dentist put an exclusive astringent 
lAl^ into his uxithpaste 

vill N Ul/ 1 An ingredient that acts directi> on 

_ _ _ thegums, and actually tightens them 

* 2 Making them strong, and giving 

them a better gr ip on voui teeth 
*1 I hus giving teeth a tit me t loiiridation, 
and a longer hie 


rorHai^y 

The toothpaste created by a dentist 




S-tfae toothpaste created by adendst. 
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NIMAL's i'xlrdordinao' stnse of smell. 
Ihci) uritJccounUiHItf inslirKl tur tind- 
diii'Ltinns and their ability to see 
he invi.Mhle and hear (he inaudible 


have l(jnM been at the focus of reaserch 
An animal's capacity to orientate itself is 
still poorly understood, and has been re¬ 
garded as an enigmatic "sixth sense". 
Investigations into what the.se capacities are 
involve a wide range of biological problems 
from the simplest chemical reactions to the 
most complicated phenomena, such as 
natural sonars (active and non-active), 
polaroids. solar compa.sses, and the sophis¬ 
ticated "choreographic " communications 
that have been disc(ivcred among bees. Of 
special importance among these problems 
is chemical communicalKm. that is, ex¬ 
change of information via odours. 

It IS well-known that animals depend on 
their sense ol smell to trac k down and chase 
prey, to tind a mate, to distinguish between 
strangers and members ot their own spe¬ 
cies. and t»j be informed of the presence of 
danger. But how do odours contribute to 
communication.'' Does their communica¬ 
tion .sv.stem luve a parallel in human 
language’'' Is that true that inlorniation 
exchange among animals is in .some wav 
similar to speech in humans*' And are there 
grounds to believe that animals have a 
languagt' rif their own" 


A language of odours 

According to the Soviet linguist Prof Yu. 
Stepanov, the question as to whether an 
animal language exists and in what way it 
would manliest itself, should not he posed 
that way. it is rather that the ver> instinc¬ 
tive behaviour ot anim.ils is a l.iriJ ot 
language ha.sed on a lower order of know¬ 
ledge. Amongst the gamut ot language or 
language-like phenomena, it is nothing hut 
a "language of low degree" 

Yet, some twenty years ago. this 
approach would have seemi*d uniealistic. 


Nature has lavishly endowed all cfeatures with a variety } 

of ways of communicating: gesture cues, sound cues and 
scent cues, the latter apparently being dominant in the 
majority of species 


Today, extensive studies on the behavioral 
mechanisms in insects, fish, birds, bats, 
rats, and whales have deepened our insights 
into the possible ways animals communi¬ 
cate with each other, and new dimensions 
have opened up. Until recently, only two 
types of signals were studied: optical sig¬ 
nals, that is. those perceived by the organs 
of vision and acoustic signals, those per¬ 
ceived by the oigans of hearing. Today the 
chemical signals as perceived by the olfac¬ 
tory and gustatory organs are at the focus of 
attention too. As a rule." animal-secreted 
odorous substances propagate over fairly 
large distances, are active in the dark, and 
can persist even after the sender disappears. 
This renders them superior to the signals of 
the first two groups. 

The information encoded in chemical 
cues and perceived by the olfactory organs 
is frequently decisively important for many 
behavioral acts. Evolutionarily, this kind of 
communication is the most ancient signall¬ 
ing system which is found in all living 
organisms (chemical signalling has also 
been discovered in bacteria, algae, fungi, 
and the higher plants). 

It IS not known exactly when living 
organisms first came to detect odours 
(molecules of special chemical com¬ 
pounds), It appears to have occurred many 
thousands of years before aquatic dwellers 
abandoned the oceans. Swimming in the 
primeval ooze of the Archean seas which 
covered the Earth at that time, they must 
have been able to respond in some way to 
w.iU'r-di.ssnlvcd chemical suhstcinces, to 
.search foi edible compound.s. to 
escape from hazardous agents Biological 
evolution saw increased sophistication and 
specialisation of this chemoreception as it 
came to play a decisive role in all animal 
behaviour 

An interesting concept about the role of 
olfaction in evolution has been advanced by 
the Canadian .scientist K. Wright, who is 
known tor hi^ long experience in the held. 
In Ills hook. 7’/if 6"c/enct’ of Smdis, he 
writes. "If the function of the brain is to 
regulate the activities of the organism on 
the ba.sLs of inforn-. lion received, it almost 
looks as though intelligence had its begin¬ 
ning as an apparatus for handling olfactory 
Mgnals from the chemicals which bathed 
our first progenitors in the primeval ooze." 

Specialists believe that of the vast 
amount of information received by human 
sense organs from the outside, olfaction 
accounts for no more than one per cent. In 
animal interactions the olfactory organs 
frequently play a dominant role. In contrast 


to man. many animals take decisions exclu¬ 
sively on the basis of odour. Their scent 
memory is even more developed and their 
sensitivity and selectivity to particular 
odour components of animal secretions are 
just short of fantastic. 

Relationships in the animal kingdom are 
impossible without information exchange 
between individuals. However, the transfer; 
of information, and naturally it is reception 
by the individual to which it is addressed, 
cannot be accomplished without known 
interactions, that is, signals of different 
ranks and complexities between the reci¬ 
pients. Nature has lavishly endowed all 
creatures with a variety of ways of com¬ 
municating: gesture cues, sound cues, and 
scent cues, the latter apparently being 
dominant in the msgority of species. 

The outside world is literally filled with 
odours, which are signals: thousands of 
challenges, warnings, promises, and orders 
are being communicated every second. The 
olfactory communication channel operates 
without interruption. 

First discoveo^ 

The first chemical communication agent 
to be described was bombycol. This compa¬ 
ratively simple organic compound—an un¬ 
saturated aliphatic alcohol with 16 carbon 
atoms—is used (in very low concentrations) 
by the females of Chinese silkworms to 
attract males and was extracted and subse¬ 
quently synthesised 24 years ago by A 
Butenandt, a Nobel Prize winner at the Max 
Planck Institute. Munich. 

Actually, that was the first "word" to be 
deciphered in the language of scents and 
the start of dictionary of odours. Today over 
200 insect pheromones are known. Pine ' 
filaments of scent bind together members 
of the same species of butterflies, beetles,, 
flies, dragonflies, ladybugs. mosquitoes ... 
in tact every creeping and flying member 
the invertebrates. They respond to a scent 
cue even if the sender is a few kilometies off 
and the pheromone lorKentialion i.s mi¬ 
nute . about 1 0 ' g m / c c ot 
air (millions of times lower than the 
concentrations detectable by the analytical 
instruments used in chemistry). Today, the 
insect dictionary available is not very volu¬ 
minous but It does consist of a few chemical 
words which, in most cases, are used very 
effectively. 

Information exchange between mam¬ 
mals, animals with more developed nervoiMM 
systems, is organised differently. For them 
a chemical cue is not a command but a 
piece of information to be assessed in a 
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HOW AHIMALS 
COMMUNICATE 


given situation. The more advanced the 
nervous system, the more complex and 
flexible the animal’s behaviour. 

In the Laboratory of Morphologv and 
Ecology of the Highei Vertebrates, lEAME, 
intensive research is under way on house 
mice. Norway rats, wild boar, mink and 
other animals. 

The studies are being conducted in a 
number of directions. The scientists are 
interested in: firstly, the sources of pher¬ 
omones; secondly, the structure of the 
chemical compounds concerned; thirdly, 
the biosynthesis of pheromones; and four¬ 
thly, the responses of animals to chemical 
cues. Last but not least comes the fifth 
direction—the most obscu/e but un¬ 
doubtedly promising avenue of studying the 
development of techniques of animal man¬ 
agement 

One very acute problem is whether the 
technical and intellectual resources niAv 
available will be sufficient to decipher, in 
the near future, the language of an aninial 
species. Researchers are confident, howev¬ 
er, that simple phrases like “we are of one 
blood ', “I am a female in cstrus”, “danger ". 
*T'II kill you”, etc, will be translated very 
soon from the animal language into 
human. 



Hut what are pheromones^ 

Their most common feature is that they 
are biologically-active substances. In small 
dose.s (fractions ot a milligram) they consid¬ 
erably intluence an organism's vital proces¬ 
ses, whilst the typical hiulogically-active 
substances, such d.s hormones, netirome- 
dialors. nariotius. and poKsons. aftect an 
animal's melahidic proce.sses from the in¬ 
side and in a largely nonspecie.s-specific 
way; signalling subs(ance.s which stimulate 
the external specialised chemoreceptur sys¬ 
tem to tm/dify* 111 a species-.specific way an 
organism's behaviour, physiological and 
emotional state. 

A pheromone is a .set of sub.slancer tor in 
the simplest Case a single substance) among 
the numerous c(»mponent.s released bv an 
organism int(» the environment Provided 
certain ixternal conditions are met and the 
inner .slate of the animal is appropriate. 
odorlferoll^ agents can modity its behavior¬ 
al and phvsiologua! respemses They are 
received via externa) i hernoreceplors, pri¬ 
marily the olfacton* system, (hough the 
gustalorv receptors can he involved, too. 

Pheromones, which are species-specific 
agents, m Mime cases may have an inter- 
specics effect when aniir.als from one spe¬ 
cies (ihtain inlorination about an individual 
belonging to another species Behavioral 
responses to pheromones may he both 
inherited and acquired through experience 
and learning Kesponses may vari' depend-1! 
ing on the situation and the individual 
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i characteristics of signal-receivers. 

Communication of chemical cues is 
Vbased on the contact of the olfactory surface 
l^^ith pheromones. The latter appears to 
off certain biochemical and phy< 
rj^logical processes and their inter-action 
with the receptor system can be regarded as 
/• an informational intci-action. 

The cue is transmitted by substances 
which the animal secretes either on its body 
surface or on some other surface. The cue 
\\itself consists of volatile substances in an 
^' evaporated state, the receiver is an olfactory 
; .organ, and channel '*noise'' consists of the 
/irrelevant, volatile substances in the en- 
^vironment. 

/ V 

Volatile mixture 

What is a secreted mixture of volatile 
compounds? It is nothing but a message 
being sent without a particular address. 

. Its chemical composition encodes certain 
Information but the information's import¬ 
ance is determined by its relevance to the 
' species’ survival (information such as spe- 
^Cles. sex, individuality, sex maturity, estrus, 

' etc). Every individual component or a 
•combination of components in the mes¬ 
sage. and also the relative and/or absolute 
contents may serve as code elements. 
Information about physiological changes of 
;• an individual may possibly be contained in 
, the sweat or urine, since the excretion 
products of a system quickly respond to 
Internal and external disturbances. Corres¬ 
pondingly. slow-changing or unchanging 
- information is communicated by excretions 
from the inertial system, e.g.. those from 
the sebaceous glands. As .soon as cue 
substances reach a receiver's sense organs, 
the recipient gets a sort of shock—informa¬ 
tion transf'.*rred via nerve impulses to the 
brain. When the information nas been 
received the individual instantly re¬ 
orientates its behaviour, making it ready to 
escape or attack, defend itself or meet the 
' stranger amicably. The nature and .source of 
the cues received account for the complex 
patterns of inter-actiun that occur between 
the numerous members of the animal 
' kingdom. 

Our experiments have demonstrated the 
decisive role scents have tor the behaviour 
of house mice. When a male hou.se mouse 
encounters a strange male in its territory, 
he flies into a rage, and starts chasing the 
Intruder in order to kill him. If however. 

' the newcomer has spent time in the host's 
scent environment prior to the encounter, 
the host remains quite peaceful. Take 
\ another example, if a female is approached 
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by a strange male when the host is absent, 
the latter batters his mate on returning, 
and remains furious until the strange scent 
fades away. 

It has been found that the physiological 
and emotional state of the mice is changed 
by the effect of a particular scent or 
pheromone. 

However, before an account of our ex¬ 
periments is given, let us turn to the 
structure and nature of pheromones. 

The chemical composition of the secre¬ 
tions of only one per cent of the 4,014 
mammalian species ever described have 
been inve.stigated. In addition, the complete 
composition, qualitative or quantitative is 
unavailable for even one specific skin gland. 

The outer surface of a mammal’s skin is 
known to be covered with a thin fatty layer 
formed largely by the secretion of nonspeci¬ 
fic sebaceous and sweat glands. The com¬ 
position of "wool fat” has been studied in 
detail only for sheep. Besides the nonspeci¬ 
fic sebaceous and sweat glands all mammals 
have a number of different gland types and 
their odoriferous secretions can accumulate 
both on their surface and in the skin fosse 
and recesses. Normally, secretion is ^t a 
maximum during Ihe breeding period, 
occasionally being as much as several 
grams per individual. 

Specific skin glands are classified accord¬ 
ing to their position and .secretion type. 
Thus Artiodactyla reindeer for example, 
have well-developed interdigital, prepucial. 
tarsal, audal and preobitai glands 
while Carnivora have well-developed anal 
and sole glands and some rodents have 
midventral. lateral, sole glands, glands in 
the corners of the mouth, etc. 

An examination of a mammal’s skin 
surface shows that different areas contri¬ 
bute unequally to chemical secretion. In 
addition, the animal's metabolic products, 
containing largely nonvolatile components, 
are subiect. when pas.sed into the environ¬ 
ment, to the impact of physico-chemical 
factors such as moisture, oxygen, ozone and 
radiation. Some additional components 
appear to he due to microorganism activity 
in .specific skin glands. As they are accumu¬ 
lating in skin reco.sses and heated by the 
animal’s warmth, its secretions promote 
the growth of certain microorganism spe¬ 
cies which process high-molecular subst¬ 
ances to yield molecular odoriferous com¬ 
pounds including semiologically-relevant 
one.s. (Semi(»logy, branch of lingucstics 
concerned with signs and .symbols 1. 

^ A mammal’s specific skin-gland secre¬ 
tions are composed of a very diverse variety 


of substances. Waxes and glycerols, plasmo- 
logens and free fatty acids (including low 
molecular weight ones), macrocyclic alco¬ 
hols and ketones, and nitrogen and sulphur- 
containing compounds—this list of che¬ 
mical constituents of a secretion is far from 
complete. 

What is a pheromone like? Let us tiy to 
describe it. First, it is a combination of ' 
members of certain classes of organic 
compounds, though their structure cannot 
always be fully determined even using 
sophisticated techniques. Secondly, it is an 
odoriferous substance (about 20 per cent of 
the three million organic compounds 
known are odours). A pheromone must 
reach, in an appropriate concentration of 
the order of 10 gram per millilitre an 
olfactory surface to stimulate olfactory 
cells. This can only be achieved by a small 
proportion of the known organic com¬ 
pounds, i.e., those with molecular weights 
nut greater than 300-400 and which nor¬ 
mally do not have more than a single polar 
group, e.g.. hydroxy (OH), carboxy (COOH), 
amino group (NH^) etc. Presumably, it is 
the polar groups that account for an odour’s 
distinctness. 

As to the nonvolatile compounds (pro¬ 
teins, nucleic acids, carbohydrates), these 
are believed to be perceived by another 
olfactory organ (Jacobson’s organ), which is 
quite small in man. 

The search for particular compounds in 
an animal’s secretions seems to be of no 
absolute importance since the problem of 
analysing piierom<«nes. of "olfactory im¬ 
ages", is rather similar to analysing a visual 
image. 

Thus, the chemical composition of a 
secretion appears to be species or subspe¬ 
cies-specific. Every organism is characte¬ 
rised by a unique odour and its individuality 
is accounted for by one specific gland's 
secretion, e.g.. the inguinal gland in the 
rabbit or the tarsal gland in the black-tailed 
deer. The gland's secretion is an animal'.s 
visiting card. It has been demonstrated 
experimentally that the pheromone mem¬ 
ory in the house mouse is strong enough to 
retain Information about dozens of mem¬ 
bers of Its own species. The following 
interesting fact has been discovered. If 
some animals are related they may carry a 
"family" pheromone which ensures recog¬ 
nition of family members. This is illustrated 
by the scent-marking act in a great-gerbil 
colony during which young animals pass 
occasionally under the belly of the domi¬ 
nant individual to lubricate themselves with 
his ventral gland’s secretion in order to 


acquire the same familial odour. 

It has been noted that a trap into which a 
wolf or a fox has been caught is avoided 
long afterwards by other animals. The 
reason is that captives leave a warning 
scent-mark saying “danger". This danger 
pheromone has also been recorded among 
rodents and some deer. 

Currently, research attention has been 
focused on a possible relationship between 
an animal's scent and its social status, but 
the respective pheromones have not yet 
been discovered. Interestingly, the weight 
of specific glands in wild rabbits is strictly 
correlated to social rank, the higher the 
hierarchical status of a rabbit, the larger and 
more active its glands. Can an individual 
substance induce some definite behaviour? 
Apparently, it is very easy to isolate a 
substance from the available set of species- 
indentifying compounds (acid. base, or 
neutral) which can elicit a definite be¬ 
havioral response. However, the data we 
have obtained at lEAME have revealed that 
animals do not respond behaviorally to a 
single chemical, rather it is a definite set of 
compounds that is informative. 

Story of Soviet experiments 

Knowledge of the qualitative and quanti¬ 
tative composition of the volatile compo¬ 
nents in mammalian secretions provided a 
basis for further research into chemical 
communication in order to elucidate the 
properties of those chemicals which convey 
constant or variable information about an 
animal. 

In order to reveal significant differences 
in the chemical composition between sing¬ 
le-type and different-type glands belonging 
to individuals of the same or different 
species, the same analysis techniques 
should be used. Strangely, this rule is not 
always observed. We have investigated the 
overall composition of the major secretion 
components (in natural concentrations, 
i.e., without accumulation) of the specific 
and nonspecific skin-glands in 30 mamma¬ 
lian species. We employed thin-layer tool 
for detecting the overall compositional 
differences when making comparative stu¬ 
dies of complex chemical mixtures. Mem¬ 
bers of five orders were used as subjects, 
these being: Insectivora (desman), Laho- 
morpha (blue hare. Cape hare), Rodentia 
(beaver, water vole, great gerbil. Mongolian 
gerbii). Carnivora (American mink, sable, 
glutton, otter), and Artiodactyla (wild boar, 
axis deer, red deer, manchurian wappiti, 
roe deer, elk, saiga, rem-deer. Thompson’s 
gaxelk. Grant's gaxelle. impala, Bufton's 



kob antelope, canna, guitred gazelle. Mon¬ 
golian gazeile, Pamir argali). The skin- 
gland secretions in different mammalian 
species were found to contain carbohy¬ 
drates and numerous monofunctional and 
polyfunctional compounds. Each species 
(and occasionally, subspecies) is characte¬ 
rised by a specific set of component groups 
in the skm-gland secretions. Two subst¬ 
ances common to all the species in our 
study are apparently cholesterol and 
monoesters, their concentrations in rela¬ 
tion to other substance depending on the 
species. It follows that the overall chemical 
composition alone is a marker of a mamma¬ 
lian species even in the absence of data on 
the individual components of skin-gland 
secretions. 

A study of the anal-gland secretion com¬ 
ponents that characterise^mark Mustelidae 
species was performed using gas chroma¬ 
tography. In contrast to thin-layer chroma¬ 
tography, this technique reveals the indi¬ 
vidual’s composition of a complex, mix¬ 
ture's volatile components. By using indi¬ 
vidual component analysis, comparative 
studies of the mixtures made using gas 
chromatography provide reliable indices of 
the qualitative and quantitative similarities 
in composition. We analysed the individual 
composition of the vapours over anal-gland 
secretions for the following eight Mustelids' 
American mink. European mink, sable, 
weasel, Kuropean polecat, vomieia peic- 
gusna. badger, and honey-badgei. 

In some mammalian species, the pre¬ 
sence or intense activity of certain skm- 
glands serves as a sex marker. Thus the 
midventral gland m the great gerbil is well 
developed m males and poorly developed in 
females, occasionally not being present at 
all. If females are iniected with the male 
sex-hormone, testosterone, their midven- 
tial glands greatly increase in size and they 
begin (o secrete like males. Interestingly, 
the overall composition of the midventral 
gland secretion in females is identiial t(» 
that in males as was demonstrated hy 
thin-layer chromatography. 

An aiialy.sis of the volatile components in 
the secretion of the desman caudal-gland 
has revealed odours with an agreeable 
perfume The "hemicals lesponsible for this 
perfume are ketones, which account for a 
considerable portion of the.se secretions. On 
the basis of data we have obtained we can 
suggest a simple technique to determine 
the sex of a desman. The six ketones of the 
caudal-gland can be assayed using an S- 
index to total their quantitative differences. 
For females, S has been found to be within 


the range of 65-70, and fur males S 1, it has 
proved possible to determine sex by caudal- 
gland secretion even when the secretiun has 
been stored under normal conditions in a 
sealed vessel for over three years. 

The scent of the caudal-gland secretions 
from a sex-mature and an immature des* 
man individual can be easily distinguished 
by the human nose. The musk scent so 
characteristic uf mature males and females 
is absent in sex-immature animals and this 
agree.s with the evidence of comparative 
chromatography. Immature desman secre¬ 
tions contain none of the compounds that * 
have the characteristic musk scent that. > 
man can detect so readily. This indicates 
that their presence in a desman's caudal-. 
gland secretion is a marker of Its sexual 
maturity. Similar results have been 
obtained for the midventral-gland secretion 
of a great gerbil. 

Studies of the pheromone that can elicit 
aggressive behaviour in dominant, house 
mouse males are very important. The urine 
of a strange house mouse male was applied 
to a subordinate cunspecific male familiar 
to the community's dominant male. The act 
invariably elicited a highly-aggressive re¬ 
sponse on the part of the dominant male. 
The aggressive response was likewise in¬ 
duced, thougif to a ]es.ser extent, when the 
bases isolated from the urine, or a mixture 
of only two of them (diethylamme and 
dimethylamine) were used. The addition to 
the latter of a mixture of synthetk aliphatic 
amines -triethylamine, isobutylamine, 
trethutylamine (h.l per cent aqueous solu¬ 
tion of each compoundl—augmentcd the 
aggressive behaviour. It is noteworthy that 
separate treatment with each of the above 
sub.stances brought on no aggre.ssive be¬ 
haviour What can he inferred from the 
above experiments? Firstly, the iso\'ited 
pheromone for house mouse dggres.sive 
behaviour has a complex structure that 
includes .several comp(»und.s. A theoretical 
analysis reveals that an aggressive reponse 
IS induced hy a mixture containing at least 
three olfactory cues signi^ing species 
1 "cjinspetifu "), MX ("male"), individual 
(‘ un-lami(iar"). 

Out tollow'iip experiments with house 
mice demonstrated that recognition of 
conspecifics requires the presence of three 
larger group.s of substances; acids, bases 
and neutral compounds. Separately and in 
pairs, the.se component groups, fail to 
ensure individual conspecific identification. 
Thi.s IS however achieved when one of the 
acids and one of the hase.s is used in 
combination with a neutral urine compo- 
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No monkey huelnees, thisi With greeter 
< knowledge of ehemicei communicetlon, 
’modem men i$ getting e wiser end e 
. different insight into the enimei kingdom 

nent. The conclusion is supported ex¬ 
perimentally: house mouse males demons¬ 
trated conspecific recognition for an 
aqueous mixture of isobutylamine. acetic 
acid, and neutral urine components. 

In a series of Norway rat experiments (the 
same principle of conspecific recognition by 
a known set of excreted odoriferous subst¬ 
ances was tested), our object was to find out 
whether the species-encoding principle 
applys to other rodents. We have found that 
conspecitic cues in Norway rats are trans¬ 
mitted via both neutral compounds and 
mixtures of acids and bases. Separately 
' neither acids nor bases communicate the 
' necessary information. At least two of the 
I mixtures under .study, propionic acid- 
butylamine and acetic acid-butylamine. 

‘ have been found to serve as conspecific 
! markers. In addition (pairs of bases such as 
isobutylamine and diethylamine. in com¬ 
bination with acetic, propionic, or isovaler- 
^ ic acids, have proved* to be semi(»logically- 

* irrelevant with lespect to species identifica- 
1 tion. Thus, apparently (he simplest (two- 

component) species marker mixture was 
I the first one we obtained experimentally. 

Let us ask now what happens if at least 
j one of the components of the chemical 
! ^communication system is disturbed. For 

* instarKe, suppose the chemoreceptor func¬ 


tion IS temporarily handicapped.If preg¬ 
nant female mice are ir\jected intranasally 
with zinc sulphate tu deprive them tempor¬ 
arily of their sense of smell, mothers devour 
their new-born young, or at least, neglect 
them. Interestingly, the experimental 
animals proved unable to construct normal- 
shaped nests. This shows what chemical 
disturbances of the chemical communica¬ 
tion system can lead to. 

Pnctical applicatlona 
What are practical applications of all 
these findings? Is the research in this field 


Bovine biles! A commend of the ienguege 
of odours will be e velueble tool in reducing 
eggressiveness in enimei groups such es 
the one shown et right 

really necessary? 

The distinguished Soviet physicist P. 
Kapitsa once said that no scientific know¬ 
ledge can remain unapplied, in one way or 
another it will find application and yield 
practical results, even though it is hard to 
foresee when this will occur and how. 

The studies of insect pheromones in the 
1960s not only yielded some interesting 
results, they also paved the way for pher¬ 
omone research in mammals. In recent 
years, interests in chemical communication 
between animals has increased for several 
reasons. One of them is that the intensive 
pesticide impact on the environment 
undertaken for pest control, has brought 
about unexpected complications. New spe¬ 
cific pesticide-free methods of plant protec¬ 
tion are needed. These can be based on 
chemical cues for these techniques make it 
possible to selectively manage pest be¬ 
haviour without affecting their metabol¬ 
isms directly. 

The nature of animal interaction, for 
example, stress, neighbourly co-existence, 
permanent enmity, etc., has been shown to 
determine the fate of offspring and their 
numbers. The knowledge of the scent code 
which IS the chemical language of animals 
will not only make it possible to increase 
and maintain numbers of useful species but 
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A good command of the odour language is 
required to control rats, the ancient plague of 
mankind 


\ 




hunters hdve preferred artificial bait& and 
the use of plierumones could be very 
effective 

The industrialisation of farminft has 
brouftht with it a number of problems 
associated with the management of aniin* 
als physiological states and behaviour A 
command of the language of odours will be 
a valuable tool m helping to reduce aggres^ 
siveness m animal groups to accelerate seX 
mafurits and sNnchronise estrus and estab^ 
lish its dates 

The language of odours calls for turthei^ 
studies since animal behaviour is very 




jt 


Wtiile thousands of tons of pesticides are 
distributed oxer huge cultivated areas void 
tile pheromone compounds are not poiso 
nous and not detrimental to the environ 
ment In addition, they are needed for plant 
treatment only in small quantities and low 
concentrations 

A good command of the odour language 
IS required to control rodents, the ancient 
plague of mankind Norway rats, house 
mice, voles, gerbils, and mariy other spe¬ 
cies, are known to destroy and damage large 
amounts of foodstuffs. They are reservoirs 
of diseases, hazardous to man and his 


livestock and destroy his buildings and 
various other materials Despite incessant 
control rat numbers are currently csti 
mated at about seven billion Their fecundi 
ty is enormous in a single year one couple 
is capable given favourable conditions, of 
producing up to 15 thousand offspring I'he 
use of natural chemical cues is one of the 
principally new and promising trends in 
controlling this perfectly-adapted synan 
thropous animal 

Pheromones can also play an important 
role in fur hunting, which requires animals 
to concentrate at a pre-set site For years. 


iompkx rtseanhirs fait numcious prob ! 
1( ms It appeals that \ve tii t J a diflercnt and 
wiser insight into the animal kingdom 
Modern man the ff/nno sjpuns /ws htionw 
indubtridl man Homo faber and is divorced 
from nature He looks down on Natures 
other creatures through the magnifying 
glass of hb knowledge hut is this approach 
justified*' 

We must be mistaken for animals should 
not be judged from a human standpoint In 
their world, more ancient than the world of 
man, animals are perfect creatures with 
their own range of perceptions and perhaps 
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feelingSi which are beyond human beings or 
which humans lost long ago. Animals live 
In a world of odours: and odours constitute 
tiieir language. 

We should work to understand this 
language to gain from animals’ evolution- 
old experience all that may he of use to us. □ 

AcadmKhn V, Sokolov is Director of the 
5mr/50f^ institute of Evolutiomry Animal Mor¬ 
phology and Ecoioyy of the USSR Academy of 
Scknces, the Present of the Ail-Uhion Ther- 
Mogkal Society, a Vice-President of the UN¬ 
ESCO International Programme *Man and the 
Biosphere" 

£, Zinkevich. Cand. Sc. (ChemJ is a senior 
researcher and the head of the research team on 
chemical commtmicahon of animats at the 
Seuertsoi* Institute of Evolutionary Animal Mor¬ 
phology and Ecology of the USSR Academy of 
Sckmxs 


The gnat sings and the bee dances 


Vasant S. Sahaarabuddhe 
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; could learn modesty from the 
^ rat. honesty fiom the aht, chas¬ 
tity from the dove and good 
manners from the cock," .says 
the Babylonian Talmud. Implicit in it is the 
belief that hut for the "gulf of language ’ 
separating them, men and beasts are alike. 


Indeed. King Solomon of Babylon was said 
to POS.SCSS a magical ring which could 
bridge this gulf This wonderful gem told 
the wearer all he desired to know including 
the language ot hods iind bees... 

However, fables apart, we have yet to 
decipher the vowels and consonants of 
"animal language”. But we do know their 
ways of communication methods, because 
we are familiar with their signals and can 


recognise their effects. With techniques 
such as recording, spectral analysis and 
multiple reproducing scientists have 
obtained some insight into the fascinating 
problem of how animals communicate. 

Vocal signals emitted by animals are a.s 
wide.spread and varied as the senders them¬ 
selves. Some are role-calls signals, others 
sound the alarm, a third type announces 
that a nesting area has been taken, some 
recognise and attract their sexual partners. 
For example, when a predator is perched in 
a tree, the "mobbing ’ of small birds is a 
definite warning: "Leave our property at 
once." Other expression.s are no doubt 
carriers of meanings such as "Come here," 
"Help me to build a nest" or even, "Fly 


straight ahead for 200 metres, about 30 
degrees to the left of sun to find a blooming 
clover." Analysis of these signals, decipher¬ 
ing their "meaning" is the essence of our 
investigation. 

Though sound signals are superior to 
many other type of signal, some creatures, 
especially those like insects which lack 
vocal organs, resort to some auxiliaiy 
means to express their emotions. Beak 
clicking, for instance, is very common. The 
typical sound of Hudson Owl is a loud 
clicking of the beak. The sounds emitted by 
storks are the result of the same technique. 
Some birds beat their wings. The wood¬ 
pecker delights his lady 1^ beating his 
wings on dry tree trunks, with a speed of 
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forty beats a minute Many birds emit 
sounds when moving The cry we hear of 
the snipe is due to the vibration of the 
retrices, special quills on its tail The fearful 
*'singing'* of the gnat is not produced 
through Its mouth, but by the motion of its 
wings, which vibrate between 500 and 600 
times a minute The honey-bee beats its 
wings 440 times a second while the ordin¬ 
ary housefly vibrates its wings 220 times a 
second In case of grasshoppers, crickets 
and cicadas, length and rhythm play a 
major role Many ants and crabs beat 
messages on the ground with their post¬ 
erior ends or limbs Among flsh, some 
species rub their branchial plates together 
to make sounds The carp grits its phary¬ 
ngeal teeth The percoids make sounds with 
their swimming bladders contracting 
special muscles that make the walls of the 
bladder vibrate These optical signals con¬ 
sist of body movements as well as colour 
changes and a time patterns Consider for 
instance the chameleon This lizards com 
munication by colour” can be identified 
only after extensive recording of colour 
change and a study of the situations is 
which they occur 

Then we have communication with the 
help of self-luminescence, a common prac¬ 
tice amongst insects which include 
springtails. lantern flies, click beatles, the 
larvae of certain flies and, of course 
fire-flies and their larvae the glow worms 
We certainly know that this language of 
luminescence helps the male to find a mate 

The flash signals are species specific 
There is no diance either, for confusion or 
mistakes as it would spell death to the male 
To avoid this, a highly sophisticated system 
of signalling has been developed Males 
flying above send rhythmic short flashes at 
regular intervals After a decorous interval 
the female on the ground flashes a short 
response The male glows again with a turn 
towards his would be companion The 
female responds once more with a flash and 
the exchange of signals is repealed usually 
five to ten times The mal^ then dives 
straight towards the female and the two 
mate Human collectors, aware of this 
system, often do their collecting at night 
and send out the female s own message by 
artificial flash light 

Insects are also able to recognise ultra 
violet as a separate colour in most flower 
blossoms Many birds sing in the ultrasonic 
sound range which is inaudible to human 
ears Some nocturnal animals make wide 
use of ultrasounds or echoes as much as 
other sound signals The technique is 



mainly used to locate objects, especially 
food Among the nocturnal creatures the 
guacharo and the bat are the two classic 
examples using ultrasonic sound The 
guacharo emits short sounds in a frequency 
range of 7000 cycles per second and it is 
perceivable by human ears Bats locate food 
with sounds of low frequency and intensity 
of upto 150,000 cycles a second Many bats 
send their signals not by mouth but 
through their nostrils Perhaps the most 
baffling problem about bats is how they 
“discriminate” between one another s 
sounds Despite loud “noises” or “jam¬ 
ming", they detect their target perfectly 
Man's inability to directly sense these' ultra 
sounds IS indeed a hindrance in the study 
of communication Research is on the 
march and now it is possible to convert 
inaudible sonar signals into audible clicks 
Communication among the dolphins is 
even more perplexing Experiments show 
that dolphins actively inform one another 
about their surroundings or establish com¬ 
munication between each other as and 
when they wish If this is true, then the 
signal communication system of dolphins is 
much closer to human speech than that of 
any other animal Colour form movement 
and time pattern are the component parts 
of optical signals, while frequency interval, 
wave-length, modulation purity of tone 
etc are the characteristics of sound signals 
The question arises How do animals detect 
particiilar signals of his own spei its and how 
do animals know exactly what a signal 
means? Do they learn the meaning of each 
element before they understand the whole'' 
Or are these abilities inborn 
Experiments show that tht ability to sing 
IS an inborn reaction but the bird must 
hear at least once before the voice of its own 
kind \ chaffinch raised in isolation will not 
emit the typical chaffinch song When 
exposed to various songs during the learn 
ing period it will select and karn the 
proper chaffinch song Birds usually know 
innately when to sing but not what 
Secondly, the meaning of each vocalisation 
its role as a signal is passed along for the 
most part genetican> only extremely intcl 
ligent animals ravens parrots and jac 
daws for example are capable of using 
learned trails appropriately as signals Par 


rots whose vocal cords are the most similar 
to those of human beings can be taught to 
utter words and whole phrases in any 
language and to use them in keeping with 
the situation but without self- 
understanding Hence a pet parrot says 
Good night before going to bed , even 
though there is nobody to listen 

What a parrot seems to be able to do is far 
beyond a chimpanzee, that is, talk like a 
man Latest studies carried out at Max 
Planck Institute of Psychiatry in Munich on 
newly born squirrel monkeys (SMimirt 
sciureus) have shown that these animals* 
whole sound repertoire is inborn Thqy 
develop all their calls without ever havintf 
heard them from others Thus, their leanv 
ing has equally been programmed gene¬ 
tically All animals are unable to subject 
their vocal apparatus to the control of their 
will That which any given species is 
congenitally able to do and learn is prede¬ 
termined 

Now, the question remains Can animals 
really converse? Can they communicate 
information kt their own will? Can they put 
a name to something? Can animals he to 
one another? These are the characteristics 
of a highly developed communication sys¬ 
tem, and man boasts that they belong only 
to his own form of language The fact is, all 
these characteristics can be found among 
lower animals as well 

Each black bird composes its own song, 
each has a particular song with which it 
attracts its mate The Asiatic shama thrush 
and the raven have individual specific voc¬ 
alisation bees communicate distance and 
direction of food sources to others in the 
hive by a so called hee dance and 
thrushes ravens and black birds upon 
finding an appetising titbit some time emil 
a warning cry to send their rivals under 
cover so as to enjoy alone their find Thus 
bees symbolise crows converse black birds 
lie parrots distinguish 

As said at the beginning our aim is not to 
communicate with animals but to under¬ 
stand /lOH they communicate among them¬ 
selves Much of the modern research In 
communication systems centres on this 
problem Much can be learnt from various 
members of the animal kingdom and new 
and enlightening surprises still await, if 
physicists and engineers organise appropri¬ 
ate experiments □ 
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Plumhism usually affects the poor, since 
their food is often cooked m tinned utensils. 

Zinc IS another meldl from which con¬ 
tainers are made for storinf{ water <ir milk. 
This IS a dan^iterous practise which has led 
to chronic zinc poisonint;. Acute piiisoninfS 
may also occur after consuminit food 
cooked m zinc-!ined vessels, such as 
f^alvanised iron vessels. This occurs because 
zinc is soluble in the weak acids of foods. 
And if consumed, gives rise to symptoms 
.such as dizzine.ss. colic, diarrhoea, tight¬ 
ness in the throat and convulsions. 


P op into any stiop or a departmental 
store, calerinji hi kilihe/i needN and 
you will encounter d ila/.zhng array 
of utensils. Vou might be in a 
j^dilemma wiien making vour pick and re 
|iurn home empty handed, di.sappointed. 
that need not he the case lady, arm 
'yourself with the latC'*! into on ttie.se pots 
''^d pan.s of glass and brass. No more 
nagging thoughts on the .safety of different 
;materials will plague you. 

Since the dawn of civilisation, different 
types of material.s-- metals, glass, wood. 
\ ceramic.s—have been used for storing, pre- 
^ jUfrving, distributing, cooking and .serving 
various forms of food. They may he grains. 
Sugar, pickles, condiments, dairy products. 

' .meat or fish. Advances m technology have 
* resulted in newer materials, like plastics. 

invading our hearth. And. hence the house- 
I wife has to .select the right type of container 
' or utensil or kitchenware, keeping in mind 
Y her budget and the durability and safety of 
'the container. 

Metals have been in use since time 
immemorial for making dilferent types of 
' uttinsils, hoxe.s, plates, ornaments and 
' weapons. Gold, one of th.e first metals to 
have been discovered, was popular with 
kings and emperors wh(f gave it great 
importance as a status symbol. They often 
had gold utensils for their daily use. Gold is 
. an attractive selection for a container. 

because of its lustre and stability to eri- 
. vironmental conditions like heat. cold. 

' wind and humiditv. However, becau.se it i.s a 
rare, expensive metal, its use is limited to 
making ornaments, to a lew medical uses 
and as an international monetaiA' unit. 
Copper has been used by man since the 
stone age For centuries, copper was the 
only metal used tor making utensils, vessels 
and kitchenware such as plates gla.sses, 
spoons and seA'ing dishes Later, the alloys 
of C(ippei. namely hron/e and brass winch 
are haidei and nioie durable than copper 
. were devekiped. Man then started using 
these alloys to laslimn containets and 
articles t(»r household use. Pure copper is 
. not poisonous, hut its allovs with other 
metals, mav have toxic eltects e.specially it 
consumed ui the tine powderv stale. All 
copper .sall.s ha\t toxic effects to varying 
degrees. 

6'ht'Cdnd hultei are sometimes stoied m 
brass or copper vessels lined on the inside 
,with tin. It the tin lining (kalm) contains 
lead as an impuntv. it torm*^ u poisonous 
salt, the oledte of lead which can lead to 
chronic lead poisoning tplumhiirO). (See 
; Science Today. June, | age 43). 
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Sliver and copper have been associated 
not only with ornament-making but are 
also considered as au.spicious metals, re¬ 
quired lor religiou.s ceremonies. Silver has 
heen‘u.sed in the manuk cturc of utensils for 
safe .storage and senong of food. Silver 
utensils are safe to use and only the salt 
silver nitrate is of toxicological significance. 
Tin containers and utensils are still used by 
the food industry for storing dry food and 
do not create any toxic problems. Food 
prepared in tin utensils have a "tinny" taste 
due to small amounts of iron dissolved from 
the iron base of the can. Traces of iron and 
tin are harmless, though the presence of 


lead as an impurity in tin cannot he 
disregarded. 

Food cooked m utensiks made ot alumi¬ 
nium, enamel, glass or stainle.ss .steel are 
not injurious to health. When water or food 
with a low acid content is hoilcd in an 
aluminium utensil, the aluminium utensil 
darkens due to the formation of a greyish- 
black metallic oxide, leached either from 
the aluminium metal or from the iron salts 
present in water or food. Subsequently, 
when acidic foods are cooked in the same 
vessel, the oxides are dissolved by the acid 
present and the utensil regains its fehine 









once again Aluminium ulerKsils are not 
harmful. 

Containers made of ordinal^' day. china 
clay, enamel and glass also form a part of 
our utility kitchenware. Housewives favour 
them tor serving eatables and water. There 
are varieties of gla.s.sware which can with¬ 
stand cooking heat and hence can be used 
for cooking food i(K> rten.sils made 
silicate.s are easily washable and have a 
clean appearance. Be.sides, the food, cooked 
ot .served in the.se utensil.s, is safe They are 
dangerous only if one gets cut by then 
fragments or when the latter are ingested 
Howcvei. IfuMr use is restricted because of 
their fragility and the recurring expenditure 
for replacements. In many families, stain 
less steel uten.sit.s have replaced glasswaie 
because of economic reasons Fo<id cooked 
and served in stainless steel ware is safe and 
the utensils have a clean look and are easy 
to maintain. 

PiMtics make inroads 

The introduction of plastics has revolu¬ 
tionised out concepts of container facilities. 
Plastic items have become an essential part 
of our daily life. Polythene bags, utensils, 
kitchenware, buckets, cups, combs, bas¬ 


ket.s. toys, bru.shes. and a varietv of useful 
household items and yarn are made,from 
plastics. They are a boon to the housewife 
who can now discard rusty-looking tin 
containers for attractive coloured, clean 
plastic ones. Plastic by virtue of its durabil¬ 
ity, cleanliness, attractive appearance and 
safety has replaced many other materials 
from which containers were made. 

Currently, attention is focused on the 
safety of using plastics not because there is 
any evidence of danger in the daily use of 
the many items, but we are still unfamiliar 
with many of the ingredients that go into 
plastic production. The resin bases of some 


The choice is wide but let it be wise 


plastics are made by polymerisation of a 
monomer or the co-polymerisation of two 
monomers or from natural polymers. Tox¬ 
icologists are concerned with the leaching 
of free monomers, the extractable compo¬ 
nent. The danger of extractable monomers 
causing harm. \s e.specially of concern with 
regard to plastic.*^ intended for the manufac¬ 
ture of containers or for accessories for 
medical preparations, such as blwd. saline' 
and giuco.saline storage and for fabricating 
infusion set.s, etc. It is for the.se reason.^ that 
rigid toxicitv tests are laid down in pharma- 
copoeas and by legiilalory bodies for eva¬ 
luating the .suitability ol plastics intended 
lor fabrication of containers and accessories 
for medical preparations. Also the safety ot 
cataly.sts. emulsifiers, and antioxidants 
combined with the resin base are assessed. 

The safety of plastics used for packaging, 
dislnhuting and storing foods is difficult to 
asse.ss. When pla.stics come in contact with 
certain types ol food, some of their compo¬ 
nents may leach out into the food. These 
plastic-components, contaminate the food. 
Testing of this aspect is cumbersome. It is 
done by u.sing solvents with which the 
particular plastic comes in contact, such as 
sodium chloride, acetic acid, sodium bicar¬ 
bonate, vegetable oils and alcohol. The food 
samples are then quantitatively analysed.- 
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Plastic containers in which dry, non- 
oily f(K»d like suf^ar. flour and pulses, etc. 
are stored are not generally contaminated 
by their components except if the plastics 
are abraded or broken. 

Plastics also contain catalysts, plasticis¬ 
ers. emulsifiers and antioxidants which are 
combined with the resin base for achieving 
the finished product. In many countries the 
use of additives in food grade plastics is 
controlled by legislations. In India, the 
relevant law under the Prevention of Food 
Adulteration Act No. 37. 1954 with amend¬ 
ments upto 1968 cavers item.s such as 
utensils, packaging materials and also plas¬ 
tics (Section 21, 1954 Act). It recommends 
that plastics must conform to the national 
specifications of either the USA. UK. France 
or West Germany. 

A type of kitchenware which is popular 
abroad and among affluent house¬ 
wives in India today, are non-stick utensils 
sold under different brand names— Kirlep. 
Trupti, Westmark. etc. The.se utensils are 
coaled with a therniopla.stic resin such as 
teflon (a polymer of tetrafluuroethylene). 
Many utensils like frying pans, flat griddles, 
.saucepans, toasters, and ravvas are coaled 
with teflon ipolvtetrafluoroethvlene) a.\ a 
non-stick coating, as it is mure thernio.st- 
abk than mo.st plastics Teflon coaled 
kitchenware is not dangcious while co(»k 
mg. as the maximum temperature lor 
cooking diftercnt types of toods in these 
utensils ranges between 131) to 2f)0 C. well 
below the decomposition temperature ol 
teflon. Only above 250'C. teflon slowly starts 
decompo.sing to reiea.se pyrolysis fumes 
which a?e toxic. Hut the.se high tempera¬ 
tures are attained in industries and not 
duting domestic cooking, even if pro¬ 
longed Precautions should he taken not to 
overheat Ihe utensils to temperatures ex¬ 
ceeding 200"C (40(r’F) and not to allow 
empty utensils l(» remain on the fire for a 


long time. The coatings are prone to 
damage if scrubbed with hard materials and 
harsh detergents during cleaning or if sharp 
instruments are used for turning and lift¬ 
ing. Spatulas with smooth finished edges, 
such as wooden spatulas can he used for 
.stirring or turning and lifting the food 
ilem.s. The utensils should be cleaned with 
cloth or a sponge dipp'^d in hot soapy water 
to prevent damage to the coating. 

Many type.s of materials ranging trom 
metals such as gold, copper, tm. alumi¬ 
nium, zinc to glass, enamel, china and 
pla.stic have all been used at some time or 
the other as utensils or containers in our 
homes. But. the selection of the right type 
of utensil oi container for household pur 
pose.s will depend on what it is to be used 
for. Utensils made of stainless steel, alumi¬ 


nium, glass, china and enamel are safe for 
use as cooking utensils, for storing potable 
water and for serving food and beverages. 
Utensils made of brass, copper and bronze 
should be limited to cooking non-acid foods 
and as containers for drinking water. Plastic 
utensils can be .safely used for storing and 
serving all kinds of foods, beverages and 
watci. Ordinary clay pots are used for 
cooking food i^ villages. They are safe but 
easily breakable and so more durable mate¬ 
rials such as aluminium and stainless steel 
are fast replacing them. 

V. Ramakrishna Rao 

t)r. Ramakrishna Rao, an Assistant Director, is 
with the Department of Toxkologg. Haffkme 
Institute, Paret, Bombay, 
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THE 

POWERFUL 

METAL 



T. K. S. Murthy 

U RANIUM occupied the last place 
in the periodic table until the 
late 1930's and wa& relatively 
unknown with hardly any in¬ 
dustrial or economic importance. It 
had the highest atomic weight <238) 
and atomic number (92), then known. 
Nobody could have even imagined at 
the time, that uranium was to be an 
important source of energy and a 
material for deadly explosives thus, 
assuming strategic importance precise¬ 
ly due to its heavy nucleus. 

Uranium was discovered in 1789 by 
Klaproth while studying the mineral 
pitchblende. The element derived its 
name from the planet Uranus, then 
newly discovered. Almost half a century 
elapsed before the metal could be 
extracted from its ore by Heligot. the 
founder of the chemi.stry of uranium. 

For a long time uranium and its 
compounds were to remain scientific 
curiosities without any industrial use. 
Later, the characteristic bnght green¬ 
ish-yellow colour of uranium com¬ 
pounds led to their use as colouring 
matter in glass and porcelain. 

It was also known that some ura¬ 
nium compounds glowed with a strik¬ 
ing greenish yellow fluorescence when 
exposed to sunlight, which persisted 
for a while even after the compound 
was removed from sunlight. It was 
while studying this property that Bec- 
querel. a French scientist discovered 
accidentally, the phenomenon of 
radioactivity (radioactivity is the man¬ 
ifestation of the instability of an atomic 
nucleus. An unstable nucleus has a 
tendency to attain stability by disinteg¬ 
rating into another nucleus—also ral- 
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led nuclear transmutation—emitting 
simultaneously radiations of the type 
alpha, beta and gamma). 

It was soon established that the 
uranium nucleus undergoes successive 
nuclear transmutations to end up final¬ 
ly as the stable element lead. However, 
a mass of uranium takes billions of 
years for breaking up and getting 
transmuted to other elements, in con¬ 
trast to some other nuclei which decay 
in a matter of seconds or even less. 

The observation by Marie and Pierre 
Curie that uranium bearing minerals 
showed much greater levels of radioac¬ 
tivity than equivalent amounts of puri- 



CbaleoUte 

fled uranium led to the important 
discovery, by Marie Curie, of a new 
element radium, in those minerals. 
This was to be followed by the discovery 
of a few more radioactive elements in 
the same minerals. 

An understanding of natural radioac¬ 
tivity was quickly followed by artificial 
radioacthn^. This phenomenon was 
based on rendering the normally stable 
nucleus unstable by bombarding it 
with small positively charged particles 
like alpha particles and protons, and 
even uncharged particles like neutrons. 

Neutron was ^so discovered around 
this time (1932) and the neutrons 
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hearing no electric charge proved to be 
more successful in bringing about nuc¬ 
lear transformations than the alpha 
particles. 

Nuclear fission 

Otto Hahn and Lise Meitner of the 
Kaiser Wilhelm institute in Germany 
were bombarding a number of metals 
with neutrons in the late 19!i0*s. When 
uranium was the target they had great 
difficulty m interpreting their results 
by the known facts. A big surprise 
awaited the scientific world when at 
last an explanation came through. Xhcy 
had succeeded, quite unexpectedly, in 
breaking the uranium nucleus into tw’o 
almo.st equal parts. This phenomenon 
wa.s called nuclejr fissum by Lise Meit¬ 
ner and Otto Frisch. 

The fission was accompanied by the 
liberation of considerable energy and 
also more neutrons. The neutrons li¬ 
berated in turn could split more nuclei, 
setting up a chain reaction, it soon 
became obvious that a controlled chain 
reaction could provide a steady supply 
(»f energy (a nuclear energy machine or 
a power reactor), whereas an uncon¬ 
trolled chain reaction would lead to 
explo.'don and destruction (nuclear ex¬ 
plosives). 
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2 When uranium is expo.sed to neut- 
I rons, in addition to fission a nuclear 
I reaction leading to the formation of 
I new elements such as neptunium and 
I plutonium can also occur. Further 
I nuclear reactions using these as targets 
led to a number of new man-made 
elements, namely the transuranic ele¬ 
ments. Thus, uranium is unique in 
being responsible for a number of 
epoch-making discoveries like radioac¬ 
tivity, radium, nuclear fission and 
transuranic elements. 

Uranium in nature 

Uranium, surprisingly, is more 
abundant in Earth's crust than many 
familiar elements, like gold, silver, 
mercury and even tin. Like iron, it 
exists m nature as an oxide occurring 
m various mineral combinations with 
silicon, nickel, cobalt, vanadium and 
other elements. It is present in varying 
concentration in most rocks and soils. 
Sea water carries uranium, though in 
very lew concentration—three parts of 
uranium in a billion parts of water. 
Some uranium minerals are characte¬ 
rised by bright colours, chalcolite 
kasolite, alpha uranntilc being a few 
Before the dawn of nuclear era rich 
uianium ore deposits of Belgian Congo 
(Zaire). Jo.schimstahl (Poland) and 
Blind River (Canada) were mined only 
for the sake of radium. The situation 
changed dramatically after the discovr 
ery of nuclear fission. Prospecting for 
uranium minerals was intensified the 
world over and large quantities of 
low-grade ore are found in many coun¬ 
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tries. Spectacular progress has been 
made in the technology of mining andf 
winning uranium in the past three 
decades. Pre.sently. any ore hearing 1.6 
kg or more of uranium per ton is 
considered economic. 

Exploring for uranium minerals 

The search for uranium involves 
many disciplines of .science and en¬ 
gineering. The areas favourable for 
uranium existence. ha.sed on geological 
factors, are fiist identified by the 
geologists. Further narrowing down of 
prospective areas is done with air borne 
radiation counters 

After the promising areas are thus 
marked out pfi)spectors go there on 
foot for a closer examination of rockSj 
.soil and water. If the findings are 
encouraging further exploration is car¬ 
ried nut hy drilling to obtain under¬ 
ground core samples for analys's. to 
determine uranium concentration and 
dLstribution. 

Mining of uranium ore is e.ssentially 
similar to the mining of any non- 
radioactive niinerals like those of cop¬ 
per and zinc. However, due to Ihe 
radioactivity associated with uranium 
and the relta.se of minute anK)iints ol 
radioactive ga.ses like radon in the 
mine, .special precautions are needed 
for providing powerful ventilation in 
the mine. If necessary, respirators are 
used hv the underground mine 
workers. 

Prom ore to *yeliow cake* 

Typically I.OOO kg of ore must bt 
mined to obtain I kg of uranium oxide 
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Uranium oxide undergoes complex metallurgical 
operations before it is ready to be used as a nuclear fuel 


(U 3 O 11 ). It becomes necessary, there¬ 
fore, ‘to separate a small amount of 
uranium from a large amount of waste 
materials. A series of elegant chemical- 
processing steps are employed to 
achieve this, which can only be out¬ 
lined here. 

In the uranium mill the process 
' begins with crushing and grinding the 
ore to a fine powder. It is then mixed 
with water and made into a slurry. 
Sulphuric acid and an oxidant like 
manganese dioxide are then added. The 
conditions in this process called 
'leaching' are .so adjusted that the 
uranium minerals dissolve preferen¬ 
tially along with a very small amount of 
the impurities present. The uranium 
bearing solution is then separated from 
the bulk of the solid by filtration. 

Because of the small fraction of 
uranium oxide removed from each ton 
of ore, the uranium mill produces far 
more waste than the desired product. 
The solid waste contains some of the 
radioactive products like radium, 
which were present originally in the 
ore. The waste is chemically treated to 
immobilise the radioactive and other 
impurities and is pumped to specially 
prepared huge settling lakes. The solid 
settles down. Only water carrying per¬ 
missible level of impurities is allowed 
to enter the natural water course. 

One of the special processes fur 
concentrating and purifying uranium 
from leach solutions is the 'Ion- 
Exchange Process'. Mere the solution is 
passed through a series of columns 
packed with small beads of a special 
ion-exchange resin. Uranium is selec¬ 
tively retained on the resin while most 
of the impurities pass out. When the 
bed IS .saturated with uranium, that is 
when it cannot take up any mure 
uranium, the solution flow is cut off 
and a solution of common salt in a 
small amount is passed through. Ura¬ 
nium which IS now displaced from the 
resin, is in a somewhat purified and 
concentrated form in the salt solution. 
By adding ammonia or magnesium 
oxide uranium is precipitated as a 
yellow solid which 1 $ recovered by 
filtration and dried. This is called 
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VfATURAL Brani«ln^ea^|list« irf a mix^ 
^ intapcs ftnd IP.tiutthe 
Ifouitie tw undergoes fission 
' and liberiites energy forms only a small 
fraction, about .7 per cent of it. The nsU 
"that Is oeaily 99.3 per cent of it is IP. - 
'.Sonw reactors twhi^ use ordinary wa< 
ter M moderator and coolant) are de- 
•tigndd to work on fuel with increased 
.pontent, upto 3 to .4 per cent The 
praefos of increating the concentration 
of U’* to a higher level is called 'isotopic 
enridiment’ or simply ‘enrichment*. 

Several processes exist for this pur¬ 
pose. gaseous dtffosion being the main 
large scale technique employ^. I*lratly, 
the yellow cake luranium dioxide) is 


•Yellow cake' and about 70 per cent of it 
is uranium oxide. 

Reactor fuel 

The yellow cake produced in the 
uranium mills is impure. For use in 
nuclear industry uranium oxide has to 
be of a high degree of purity. Some 
impurities like boron and cadmium 
should be brought down to less than 
one part in a million parts of uranium. 
This chemical processing and conver¬ 
sion of the uranium into a form 
suitable for making reactor fuel is 
carried out in a refinery. A special 
technique called ‘liguid-liquid extrac¬ 
tion' or 'solvent extraction’ is univer- 
.sally employed for this purpose. 

The yellow cake is first dissolved in 
nitric acid, yielding an impure ura¬ 
nium nitrate. A liquid organic chemical 
called trihutyl phosphate' (TBP) is 
then added to it. TBP is not mi.scible 
with the solutif-n. but on intimate 
mi.\mg It selectively extracts uranium 
nitrate leaving the impurities in the 
aqucuu.s (water) solution. 

After allowing the two layers 
(aqueous and organic) to settle, the 
TBP layer, containing pure uranium 
nitrate is separated. When this, again, 
is mixed with water, uranium is trans¬ 
ferred to the water layer and the TBP is 


converted to unnlum 
(UFt) chapticaNy, -lliit j|r\' 

Ihcfr converted ifMe gMpoucibfm ,«ng .' 
pufiiped through ipccM .ptMCa ' di^ ; 
^ihraijlint vdilcb coifoito ficlee about a.> 
initilonfo 'of a tm. fo 'dtiBi|e|w. , 
nwfeculeeofthiigdt.bcarlngtiiel^ter'-' *■ 
isotope diflbse a Httle tMter than tboie 
bearing the heavier one. the gas that 
gasset through is slightly eiiriched in 
U”', This process' is to be rep«»led a . 
thousand times before the required Icveh' 
of conoenfration (3 to 4 per cent) is ' 
realised. Enrichment civer 9S per cent . 
(requited in 'nuclear explosives) is also 
possible by a much more elaborate 
gaseous di^lon process. For fuel fabri¬ 
cation the enriched hexafluoride needs 
to be reconverted to uranium dioxide. 

T.K.S.M. 


ready for re-use Purified uranium in 
the aqueous .solution is precipitated 
with ammonia to obtain solid ammo¬ 
nium diuranate (ADU). This, on heat¬ 
ing in an atmosphere of hydrogen is 
converted into uranium dioxide (UO 2 ), 
which is used as fuel in nuclear power 
reactors. Uranium dioxide is further 
processed to obtain the metal for some 
applications. 

Uranium fuel Qicle 

Uranium oxide undergoes complex 
matallurgical operations before it is 
ready to be used as a nuclear fuel. In 
brief—oxide powder is pressed into 
cylindrical shapes and ‘fired’ to obtain 
high density pellets, about 1 cm. in 
diameter and 2 cm. long. Each one of 
the pellets is equivalent to nearly a ton 
of coal in terms of energy produced. 
There may be several millions of these 
in the heart of a nuclear reactor, also 
called the core. 

The pellets are packed and sealed in 
thin walled tubes made of a special 
alloy called 'zircaloy'. The tubes are 
then made into bundles which can be 
loaded into reactor vessel. These being 
only mildly radioactive can be handled 
without special protection. 

In the reactor the main reaction 
occurring is the fissioning of uranium 
nuclei (see box above). 




U' -I- neutron (slow) -— . — 

— ' > fission prciducls -I- enc»>>v 

The neutrons released can sustain 
the chain reaction provided Ihev are 
slowed down and this requires the use 
of a moderator alon^; with the fuel. 

There are many reactor designs but 
the most common fuel-moderator 
* combinations used are 

i) natural uranium (fuel) and heavy 
water (moderator and coolant) 
ii) enriched uranium (fuel) and ordin- 


ao' water (rnodeiator and looKt). 

The second important reacticMi in 
the reactor is the conversion ol U ' to 
neptunium and plutonium. The by¬ 
product plutonium IS of special interest 
as it is a fissionable material and hence 
can serve as a nuclear fuel. 

U'‘‘ + neutron- > 1’"*- 

neptunium-plutonium 

After the fuel bundles have spent a 
specified amount of time In the reactor 
vessel, they are removed and chemical¬ 
ly reprocessed. The aim of this opera- 


iH.i) called repiocesMMjJ ot luel' is to 
‘ ^ reniver the plutonium that is pro 
dueed so that it can be used in adv¬ 
anced tvpe of reactors and nuclear 
explosives 

sep.ii’ale the hijihly radioactive (is- 
Slop produLls and prepare them ff>r -^ale 
disposal. .\ huild up lission products 
nni onlv increases the radiation level 
hut jNo leads to exce.vsive ahsorplirin of 
neutrons lesullin^i in li>ss n\ eifkienev, 
recover depleted uranium lor 
storage 


Cnntmu*?d on page 5-i 
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rm close to finis... reaching the end of my 
rope. Can't bear it for long... See if you can 
find a way out 


That's the only reason, cross my 
heart. Otherwise wouldn’t let even my 
breath betray me. No, Sir! Bound as I 
am by the oath taken under the Official 
Secrets Act—Military Secret at that. 
Cor Blimeyl it’s a razor-edge walk if 
there was one. That's bloody danger- 
. ous. Explosive! No, No. Better keep my 
I trap shut! Mum’s the word! 

Oh no! Not to worry. Wouldn’t do 
anything rash, like jumping off this 
cliff here! But it’s not easy. This 
constant impotent thought! This ina¬ 
bility to sire a solution! Feel as if my 
head will crack any minute now. Like 
an overheated Held gun. To hell with 
the Official Secrets Act. Stuff it up 
yours! Must blurt it ali out. For my 
sake. For Sadashiv’s sake! 

What’s that? Oh yes! Haven't told 
you who this bloody chap Sadashiv is. 
Have I? See what I mean. This is what 
happens. Can’t think straight for a 
minute. But with you that wouldn’t do. 
For you I should begin at beginning. 
Dot my i's and cross my t's. Can't leave 
out even the minutest details. Lest you 
are as confused as the next chap. Or 
worse. 

Let me introduce myself first. I am 
Lieutenant Colonel Arvind Jamkhed- 
kar, AMC. That’s right. Army Medical 
Corps. Yes. I am a physician. From the 
Army. 

Sorry? Did you say—? You are right. 
Normally we medicos don't get to go 
beyond a Captain or a Major. But I saw 
action during the Bangladesh War. And 
Lordy what a piece of action that was! 
Deployed our surgical unit bloody effi¬ 
ciently. That helped. And also the later 
stint on deputation at the Medical Wing 
of NASA. Higher training in military 
medicine. I took that opportunity to 
spend some time training under 
Michael DeBakey in nearby Houston. 
You got it! The very same Michael 
DeBakey—the world famous heart 
transplant surgeon. Even on return I 
kept up my research in that line, in 
addition to the routine coughs and 
colds and cuts and bruises. That's got 
me half a dozen fairly decent papers in 
the International Journal of Military 
Medicine. 


What? Oh, don't go old man! You 
have a right to wonder if I am on a first 
person singular trip. Vain sort of yak¬ 
king about myself. But believe me, I've 
got to fill you in on all these details. It’s 
got its own purpose. 

But about that later. Was telling you 
about how it all began. Still remember 
that day. Bright as noon. Large as life. 
Great day. It was Lali’s birthday. Lali— 
Lalita—-you know, the better half. 

Oh no! You won’t! You won't go 
about calling on her even to confirm 
what I’m telling you, will you? For she 
hasn't the foggiest. 'The army grinds it 
into us. Got to keep such secrets‘even 
from one’s near and dear ones. 

So it was Lali’s birthday. I never 
forget it. Had taken the day off as usual. 
We were going to dine out. May be 
throw in a movie later. And, the 
shopping, of course. A saree, or a dress. 
Something like that. I agree the prog¬ 
ramme’s no great shakes. But breaks 
the monotony of a chap’s routine. 

Well, we were all ready to charge off 
when who should call? The Comman¬ 
dant. 1 was needed back at the garrison. 
Immediately. 

Was Lali hopping mad? I couldn’t 
meet her eyes. White as a sheet she 
was. but breathing fire, man. Ah Lali! 
Blast this army life! Well, Lali, too 
knows the score by now. 

I left on the double and presented 
myself to the Commandant. Saluted 
him smartly. 

Now the Commandant, there’s a 
good man. A first-class sou! if there was 
one. 

"Sorry. Doctor," he said. “Sorry to 
disrupt your programme. But it's none 
ot my doing. Intelligence no want you. 
It's urgent.” 

For God's sake. What have I to do 
with intelligence? 

Why? Why that smirk? Oh! Touche! 
Well played! 

1 meant Army Intelligence though. 
For that matter the Army Intelligence 
doesn't have much to do with intelli¬ 
gence either. But that’s beside the 
point. 

1 was ready. Had to be. Said so to the 
Brigadier. 


“O.K. Shall leave by the evening.” 

Thought I could still manage the 
lunch and the movie leaving the shop¬ 
ping to Lali. I get bored amid all these 
heaps of sarees anyway. But the Briga¬ 
dier brought me down to earth. 

"Sorry again. It’s an sos. The big 
bird's waiting outside rearing to fly off. 
Leave right here. I’ll do the explaining 
to Lalita baby. Don’t waste any time. 
Get cracking.” 

“Yes Sir!” And that was that. No 
questions asked. I saluted him again ' 
and ran to the chopper whirling ibi 
blades like a mixie gone mad. 

‘ It didn't take all of an hour and a- 
quarter to reach the intelligence HQ. 
But even during that short hop I got 
half a dozen radio messages asking me 
to hurry. The jeep at the helipad had its 
engine running even as we touched 
down. 

Five minijtes later I was inside the 
HQ. The Intelligence Chief was bloody 
anxious. I could tell. He cut put the 
malarkey about salutes and literally 
dragged me by the arm to the operation 
theatre. He let me see for myself. 
Didn’t say a word. Didn’t have to. 

It was a job for me and me alone, 1 
could see. Well, not the details but I got 
a glimmer of the idea... 

A bloke was lying on the table. A 
good physique but battered. What 
^oulish wounds! Looked as if he’d lost 
a lot of blood. And the fractures! The 
femur dangling at a crazy angle... The 
cardioscope was attached. But the 
fluorescent spot was marching in a 
straight line. As if it too had donned an 
uniform. It was straight like a prig’s 
walk. The bird had flown the coop. You 
know what I mean? Indication that the 
heart had bid bye-bye. The EEC was. 
connected too. That signal was fiiirly 
healthy. So the brain was still on... But 
it looked dicey... 

For a couple of minutes nobody 
uttered a word. As if everyone was 
afraid that even the slightest sounc 
might cause the EEC signal to stop 

Then the Chief cleared his throat: 
“Well Doctor! What do you make of it?’ 

I didn’t reply. What could I say? Rather 
busied myself playing around with l 
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borrowed stethoscope. Klashed some 
light in his eyes. The brain, too. 
seemed on its way out. 

It was the Chief again who broke the 
silence; 

“Doctor, meet our physician. Amar- 
jeet Singh." The tall, athletic Sikh 
saluted .stiffly. He was a Captain. 

“Captain." I offered my hand, 
j “Doctor. Anianeet here says that 
I even it the patient’s heart is not re* 
! spending, his brain is still showing 
j signs of normal function. So he can't 
be considered to have died. Do you 
agree’" 

“Yes Sir. When the heart tran.splanl.s 
first got going in the late 'sixties .some 
of these legal and ethical complications 
had arisen. A lot of arguments were 
bandied about then. And the upshot 
was that as long a.s the hrain .shows 
signs of normal functions a man's not 
to be considered dead, at least not 
clinically dead. " 

“OK. (iK. Doctor," the Chiet cut me 
.short somewhat impalientlv “We all 
agree that this patient here is not yet 
dead. He i.s alive. Jolly good! Can you 
^'revive him fullv'llis hram'.s still oKa\ 
f Onlv the heart’s gone Can vou .slitili 
a one orr Replace it I mean Rveiything 
^should k luinkv dor\’ then. That s uh\ 
i'jwe called vou C.ive him a transplant 
cl “A transplant! To him! Now" hi tt'L 




ujnarnc ol Heaven, I couldnt believe mv 
3ears. "lUit, hut. 

'But what. Hovior''” 


ti: 


d! 

“But, ln»\»’s that pnssihle''' 
r,i “Why not' \Vh.it> \iiur iMohU-ni'' 
j "The suim ry in iii>! a simple one 
|( Need j l<»1 ol prer.ii.ilion belote vou He 
QuOn. A heart lunn in.icliint Tlii'n , 
cCryostat. Need a taine opcialinu learn 
'^le patient too has lo be leaJied m . 
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number of ways. Quite a few injections 
have to be ({iven.'' 

"Amarjeet will take care of that." 

"But the main thing—the donor 
heart. Where are you going to find one? 
And even if you do get one—it's got to 
be tested thoroughly. Tissue typing has 
to be performed. Like the blood groups, 
we got to n'atch histocompatibility 
groups. Otherwise the recipient body 
throws it out, rejects the grafted heart 
later on." 

"That's It: Even if the rejection takes 
place, that will come later. Won't it? 
Even if you can bring him back to life 
for a few days that'd he enough" 

"But—but—where'd you get such a 
heart?" 

"I'll get It! I'll get it! The search is 
on. And if that fails we'll have a 
volunteer." 

"You can't be serious?" I raised my 
voice, "You mean—you—you will kill a 



God's good man, a living man? Just to 
get at his heart?” 

Well you know how I am. All these 
years in the army have not still dulled 
my sensitivities. 

"OhI Cut out that sentimental mush, 
will you!" The Chief shot back. “I'll 
have to order you." 

"Please Sir, try to understand. Even 
if you get ail that in readiness, there's 
no hope that the operation will suc> 
ceed. The patient’s condition is hope¬ 
less. I doubt if the patient will come 
round even if the operation is suc¬ 
cessful." 

“Doctor, I'll be blunt with you. It is 
highly imperative that this chap here 
be revived and be able to talk. We just 
need an hour or two. That's all. Give 
him just that much life with your 
transplant." 

"Butfwhy? Whdt'.s the hurr>'’" 

“None of your busine.ss." 

The Chief blew hi.s top. He was livid 
with rage. Then he steadied himself 
and continued in a calmer lone: “Doc¬ 
tor. this is an intelligence unit. Wc 
work here on a need-to-know basis. All 
that I can tell you is that the man's in 
possession of a top .secret, strategically 
crucial inlormalion. Now, give me your 
final verdict." 

My mouth had gone dry. I tried in 
vain to moisten my lips. Approached 
the patient again and started examin¬ 
ing him carefully Better to do that 
than talk I thought. Looked through all 
the recurd,s of the prcvi()u.s hour. 
Thumbed through the cardiogram 
charts. Concentrated on the EKO 
traces. Calculated and recalculated. All 
that frenetic activity gave me a dull 
ache behind my ears. But the conclu¬ 
sion was unchanged. If at all, the 
chances were growing slimmer by the 
minute. I shook my head in despair. 

"Sorry Sir. I'll operate if you order 
me to do so. But the chances are very 
slim. So .slim that you won't get the 
information you so badly need. On top 
of it you’d lose a healthy, sound volun¬ 
teer. i leave the decision to you Sir." 

The Chief collapsed in the nearby 
chair. "Oh no, Doctor! Please, I was 
banking on you. All your experience, 


vour special training, your..." 

“Yes Sir. All thal’.s there! But... but 
I’m not Cod*" 

“Is there no way out then?" 

“Excuse me Sir. I’m fully avvcire that 
I do not figure into your need-to-know 
li.st. But if you can explain it all-' 
Perhaps I might find a solution After 
all 1 too belong to the armv I know its 
discipline. I too can keep secrets. If...” 

So critical must have been the situa¬ 
tion that the Chief broke his re.solve 
That’s why he decided to tell me all. 
Wish he hadn't gone so sf»ft I hen This 
entire predicamant wouldn't be staring 
us m the face now 

The Chief began: 

“Doctor, this young man Captain 
Sadashiv Clokhale Ik* was—is wa.s 
my best operator " 

The Chief was all at sea with his 
tenses 

“1 had sent him on a .special missi )m, 
a most dangerous one To get behind 
the enemy lines and get their war 
plans. They aim to launch a pieemptive 
.strike fJut our supersonic fighters aie 
yet to arrive. We need to hiiy time. I am 
sure that the outcome of the war 
hinge.s on this initial .skirmi.sh riial's 
why we need all this inlormalKin. 
Moreover, were we to eontronl II 14- 
enemy with .iich hard evidence ol their 
war plans then we could .store over 
them on the diplomatic troiit and win 
the battle there Maybe we lan aveit 
the war altogether. Sadashiv- our ccide 
name for him was Hhausaheb. (a/lei 
the Pe.shwa)—was on this sensitive- 
mission. lie had come out on top and 
even given us a radio message of 
‘Thumbs up' He had started on his 
way back and we were eageily wailing 
for him. Possibly at the last nimule his 
cover got blown lie was thrown acro.s^. 
the border in this condition. Thev 
thought he was dead, I am sure Even 
we gave up on turn while bringing him 
here. His heartbeat was faint, baiely audible 
ble. Now. even that has stopped It’s a 
grievous loss. I genuinely liked that 
boy. But more vital i.s this information 
which he’s managed to carry in his 
head. That won’t he available. Worst of 
all the enemy’s been alerted. They 


might advance their plans. There's no 
way we can send a replacement. It’s a 
total fiasco, this mission. And if we lose 
the war on account of that..." 

The Chief choked on his words He 
was overcome with emotion. 

For a while there was total silence. 
You could have literally heard the 
proverbial pin drop 

It was jii.st that moment I am 
positive. It was just that moment when 
the thjiught first hit me. I got a lolt as if 
a land mine had exploded under my 
feel 1 tried to push the thought away 
But the possibilities, the challenge, the 
sheer ijppijrtunitv it (»ffered excited me. 

“Sir," I asked, “is it possible that 
Sadashiv kept a record of this 
information somewhere'-' In code 
perliapsi" 

“Impossible. Unthinkable. Nobody 
could commit .such a blunder. Not 
certainly Sadashiv. That inlormation 
he kept to himself, safe in his head." 

“In that cast. Sir, I have an idea 
See what you think of it. If it works, 
you’ll have your informal urn. 
Sada.shiv's martyrdom would not he in 
vain I'll certainly need the volunteer 
you promLsed but we won’t have ttr 
Sdcrilice him." 

"Cloaliead Spell it out. Huick Don't 
heal an)uiid the hush '' 

“But let me warn y(»u Sir This 
s<.hemes init of this world. A shot in 
the dark Theie is n(» guarantee that it 
will woik Still...." 

“Let me Ji'Cide that Shoot, man. 
.shoot’’ 

“Sii, although I am a .surgeon, a 
heait tian.splant expirt. my hrst love i.s, 
has always been, neurophysiologv I 
hive kept'paLe in that dirccti(»n. Do a 
spot of re.sear(.h from time to time.' 

“Come t4) the point my dear lellnw. 
Cn on 

‘Sir. a thap called McConnel ton- 
dueled an interesting experiment on 
tape worms. And Ungar, a Hungarian 
immigrant .scientist extrapolated it to 
rodents Mice to be precise. And mice 
and men are pretty close physiological¬ 
ly. Tlial's whv the results from these 
mice experiments can almost always be 
extended to us Homo sapiens. 


“\ow it's common knowledge that 
mice normally prefer darhiess. They 
shun light. The house rat for example. 
You rarely see him anywhere during 
daytime. At nightfall its a different 
story. He's'king then. Starts scurrying 
around. During the day they hide away 
out of sight in some dark crevices, 
some underground holes. Well Ungar 
had built hts e.xperiment around this 
characteristn . 

He built a special cage that was 
divided into two halves. One was 
brightly lit while the other was kept in 
total darkne.s.s. He housed some mice ^ 
m this cage. Food and water were kept 
in the bright half Hut the mice wanted 
no part of that. They would raid the 
bright half grab a mouthful ami scam- 
per over to the dark side. So t>ngar 
improvised his cage by connecting a 
live electric cjrc uit to the dark side. So 
that the moment a mouse stepped into 
that side he would receive a jolt. Sot 
sufficient to niainie or kilt him, mind 
you. Hut enough to scare him, to make 
him hurry hack to the bright side. This 
went on tot a while. Till the mic^ 
learnt a le.s.son They derelojted a fear 
ot darkness. Thty began to prefer the 
bright .s7(/c even when the electric 
circuit was turned oft' tn fait to make 
sure, i ngar sirih bed the food over to 
the dark side Hut the mwe would take 
it away to the bright side* 

(hue he heiame lerlain that the 
memory of this tear tor darkness was 
firmly imjdauted m their brains. ( ngar 
moved on to the next .stage of the 
cxperuticnt . k that time the s( icntists 
had hypothe.sised that long term mem- 
ory re.sidcs m a particular j)art of the 
brain and is stored in a chemical 
form m the mo/eiules of the nudeic 
at id U\A I ngar killed the mice which 
he had trained to tear darkness, dis- 
.sec ted out their brains, extracted the 
1 trom the memory-containing por¬ 
tions and injected it into fresh, un-' 
trained mice. To his .satistactinn he 
found ^hese new mice also Iteginning 
to display a fear ot darkih\s.s. The 
hypothesis that memory resides in 
RSA was thus substantiated. Saturally 
more experiments were jrerformed, are 
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being performed with the theory gain¬ 
ing considerable ground. ' 

**Thank you, Doctor for educating 
me." The Chiefs words were positively 
dripping with sarcasm. '‘But pray tell 
me what has all this got to do with the 
problem on hand?" 

*T was coming to that, Sir. That's 
why I asked you a while ago about the 
possibility of Sadashiv having main¬ 
tained a record of his information 
somewhere. Since that is nonexistent, 
Sadashiv must have retained its mem¬ 
ory in the same form that these mice 
did. So, now if 1 were to extract the 
RNA from the memory retaining part of 
his brain and inject it into another 
bloke he should be able to translate 
that chemical language into one that 
we can easily follow. Like the tape 
recorder which records music on a tape 
into a sort of magnetic score. And the 
cassette faithfully reproduces the ori¬ 
ginal music whichever recorder we 
choose to replay it. But you need a 
fresh brain, a volunteer. Now you know 
why..." 

*'Bravo! Bravo!" The Chief crushed 
me in his arms in his excitement, 
'brilliant, Doctor, brilliant." 

“Hold on* Hold on," I tried to put the 
damper on his enthusiasm. "Might 
have sounded simple while I was relat¬ 
ing it. But it’s going to be a mighty 
risky experiment. Can't guarantee its 
success. Nobody's ever done it. Nobody 
in his senses ever would perform one. 1 
wouldn’t either. Because there are a 
good many restrictions on human ex¬ 
perimentation and rightly so. 1 shall be 
branded a criminal for-indutging into 
such an experiment. But you don't care 
much for such ethical niceties. And 
keep it all under the hat. That's why am 
offering to do it. Nonetheless should 
warn you of its consequences." 

*T assume full responsibility. Just 
you go ahead. Only let me know what 
you need." 

"1 will. The volunteer has to be 
young. Hale and hearty. Better if he is 
] single. So won’t have to face his wife if 
^ anything should go wrong." 

I The memory of Lab’s birthday must 
I have been lurking m some dark corners 
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of my mind. 

We didn’t waste much time thereaf¬ 
ter. 1 had total command. Though the 
post operative health of the patient was 
of no concern in this case, the opera¬ 
tion had still to be carried out with the 
same degree of care, the same degree of 
skill. 

Well, Boy, did we sail along merrily? 
You bet. In the name of Heaven, getting 
out the RNA from Sadashiv's brain was 
no problem at all. The volunteer 
the Chief produced—Vishwanath 
Karande—^was a strapping young man, 
a stallion. 1 had insisted that he had the 
same mother tongue as the dear de¬ 
parted Sadashiv. Didn’t want any mix¬ 
ing of Imgos to cau.se any more snafus. 
Injected him with the RNA extracted 
from Sadashiv's brain. A day later the 
first faint sirens of its effect were heard. 
We let another couple of days go by and 
then sat down with a tape recorder. 
While 1 tested his physiological func¬ 
tions the Chief started his interroga¬ 
tion. Me asked him straight questions, 
leading questions, tricky ones to test 
his veracity, asked for passwords only 
Sadashiv was privy to In short he 
ensured that the message Vishwanath 
was replaying was the real potato. It 
was a day with 26 hours. We were ail 
exhau.sted when it ended hut on top of 
the world. 

Our experiment had come out a 
corker. Exceeded all our expectations. 
The Chief got all that he needed And 
that gave the required edge to our 
diplomatic offensive. We averted the 
war. But you have read all that in the 
press, old chap. 

My own personal exhilaration would 
he beyond you unless you happen to he 
a .scientist. 

The Chief congratulated me heartily 
Promi.sed a recommendation for the 
I'V.SM and a promotion lo full Colonel 
next year 

It wa.s a full week since I had left 
home m a hurry. Lab must have 
worried herself sick. The Chief had no 
hesitation now m letting me go. Vish- 
wanath toc^ appeared in good shape. 

So the prf>digal returned home. 
Lali's birthday celebration went on for 


a full week. 

A month must have lapsed in be¬ 
tween. Time flies. 1 was again sum¬ 
moned by the Chief. Vishwanath’s con¬ 
dition must have taken a turn for the 
worse. I thought. Maybe an adverse or 
allergic reaction. Didn't lose any time 
reaching the HQ. Even before the Chief 
could say anything I enquired about 
Vishwanath. 

‘ Well, he IS allright.''said the Chief 
tersely and threw a letter across to me. 

I opened it. The thin slanted script 
on rose paper betrayed a feminine 
hand. The signature at the end, "Parva- 
ti", confirmed it. Couldn’t make any¬ 
thing out of It So I looked at the Chief 
with a quizzical expression. 

"Sadashiv’s wife,’’ the Chief replied 
but that didn’t answer my questions. 

And the letter only complicated mat¬ 
ters. Parvati had one long bitter plaint. 
What had the HQ done to her husband’-' 
She demanded. He had undergone a 
.sea change. He was her husband 
alright. But looked different. Acted 
different. Even the physique was diffe¬ 
rent. So the army must have cast some 
kind of spell on him. And .she wanted to 
know! 

That had me bowled over. Sadashiv 
was dead and gone. Saw to his crema¬ 
tion myself. Who was this Johnny then 
trying to take advantage of the poor 
girl> 

'Tiidn’t you inform her of Sadashiv's 
death^" 

"We did. That’s why I smell a rat 
here. Could be an enemy agent you 
know ’’ 

"But I can’t get this Parvati. She 
admits that this bloke is different from 
Sada.shiv in more ways than one. H(iw 
IS she convinced then that he is 
Sadashiv and not an imposter^" 

"That knocks me out too Maybe the 
psychological tension has been too 
much for the girl. She has finally come 
unhinged. That's why called you. Let’s 
go pay her a vi.sit. Shall we?" 

"Right ho Sir." 

It was Parvati who answered our 
knock. The moment we introduced 
ourselves she let us have an earful. 
Even the enemy flak would be milder. 


But how can I convince Parvati? It would 
psyche her out! Play havoc with her emotions! 
How could I tell her,.. 


“What have you done to him Sirs?" 
she appealed. “When he left here he 
was so happy, so healthy, so consider¬ 
ate. And now, he is different. It's not 
just his face, or physique or—or—can't 
explain it. But he has changed. Radic¬ 
ally." 

“That's It. He is not Sadashiv, my 
dear.” The Chief tried his be.st PR 
accent. “Sadashiv laid his life for the 
country. Died a hero's death. I am .sorry 
to...” 

“No! No! He is alive and well. Having 
a nap over there." 

“But you admit that he—the one 
over there—doesn't look like Sadashiv 
Doesn't act like him. Then—how— 
wouldn't he be an imposter, dear?" 

“No Sir. I am sure it's him all right. 
How else would he know all the details 
of his life, our life, his childhood. 
And—And— " she hesitated. But with a 
renewed determination and a defiant 
look said: 

“—and even the shared intimacies 
that only the two of us would know.” 

The bounder was a real rascal No 
doubt. We asked her to wake him The 
Chief readied his gun. 

That moment he stepped into the 
room 


You could have knocked us down 
with a leather then. 

It was Vishwanath. 

“You. you scoundrel—" I cut the 
Chief .short. For it had dawned on me, 
what must have happened Somehow 1 
pacified Parvati. Yes. the Chief too and 
dragged him‘out. But I asked Vish¬ 
wanath to accompany us A brief chat 
with him was all 1 needed. My hunch 
had proved right. 

We left him there and started back. 

As the Jeep accelerated 1 asked the 
Chief “Why didn't you tell me when I 
asked you about Vishwanath" 

“Said he is all right, didn't P You 
saw it for yourself. 1 readily sanctioned 
his leave once our basic mi.ssion was 
accomplished. How was I to know that 
the blighter would come liere’’' Take the 
girl for a ride?' 

“It's not his fault Sir. Don't you see 
what has happened? The memory of all 
the knowledge Sadashiv had acquired 
during his life time was stored m his 
brain. The information we were seek¬ 
ing was but a tiny miniscule part of 
that. But we extracted all the RNA and 
when Vishwanath was injected with it 
the whole memory got tran.splanted. 
That's the rea.son he genuinely believes 


that he is Sadashiv. Its able to convince; 
Parvati of that. And then his own. 
memory. That's intact and has got 
entangled with the transplanted one.- 
It's one big mess. Like a tape on whicK 
something is recorded without totaltjri 
erasing what was there in the firsn 
place. Like a doubly exposed film." | 
I was able to explain it all to thO 
Chief. But how can I convince Parvati} 
It would psyche her out! Play haiMN 
with her emotions? How could I tel] 
her that her husband was used as a 
guinea pig? And then she is not alone 
There’s Vishwanath. He is all confuse! 
now. Wouldn't it get worse if I am b 
tell him all? Don't want to be responsi 
ble for so messing up two livesi 
Ah lordy! All these years in the am^ 
have nut dulled my sensitivities. 

Now you know! Ever since that dagj 
we are caught in this maze. Me and thi 
Chief. Particularly me. Can't thinlj 
straight any longer. Have been spend¬ 
ing sleepless nights. Sadashiv's ghosj 
has been haunting me. See if you caij 
find a way out. 

Drop me a line when you do. 

Just address it to Colonel Jamkhed- 
kar. Army Medical Corps, New Delhi; 

d 


AWARDS AND APPOINTMENTS 


PROF. SIDDIQI ELECTED FRS 


P KOF Ohaid Siddiqi wa^ elected a Kellnw 
<)f the Royal Society on !.S .March.^l9W 
His maioi contributions are in the fields o( 
microbial molecular genetics and the (gene¬ 
tics of chemosensoiy perception in Dro¬ 
sophila. 

Plot Siddiqi joined the Taia Institute of 
Fundcirnental Research iTJFRi . Boinbay in 
1%2 and set up the Molecular Biolo(^v linit 
in the Physics tacuify of the Institute, the 
first research t^roup of its kind in India He 
was a visiting profe.s$or of biology at the 
Massachusetts Institute of Technology 
(l'970-7]) and was al.so a Sherman Fairchild 
Distinguished Scholar at the California 
ln.stitute of Technology (1980-81). In I97(i. 
he won the Bhatnagar Piize in Biological 
Sciences instituted by the Council for 
Scientific and Industrial Research. Prof. 



Siddiqi IS viie-piesident of the Indiaj 
Academv of Science.s and a Fellow of thj 
Indian National Sticnce Academy. He 
also a member of the Cabinet's Scieni 
Advisorv Committee (Jn Republic Day thi 
veal he received national recognition U 
Ins contribution to Indian science, in tl 
irjim of the Padma Bhushan 

Prof Siddiqi is one of the early discovei 
ers of suppressors of 'nonsense mutations’ 
phenomenon which led to the elucidati 
of stop signals in the genetic code. His woi 
has also thrown light on the transfer 
recombination of ona in bacteria. His 
recent studies are concerned with undei 
standing the mechanisms of smell and tasi 
and the role of genes in the organisation 
the nervous system. 
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Countries like India have modest resources 
and comparable power programme 


ymtinued from page 47 

lArmlum resources of the world 
' Because of the global interest in 
jnuiium resources there are a number 
^ organisations which periodically 
^blish information on world uranium 
sources. The International Atomic 
Bnergy Agency (iaka) is one of them. 
\ccording to thrir recent estimates, 
Jhe total uranium resources of the 
vorld stand at about 5.000,000 tons, 
however, the distribution among diffe¬ 
rent countries is uneven. Australia, 
Brazil, Canada, Namibia. Niger, South 
Ifrica, the United States of America 
ind Prance account for about 85 per 
sent of the world resources. 

The domestic resources and internal 
lemand for uranium form a complex 
Mittern. Countries like USA and France 
lave relatively large uranium resources 
0 meet po.ssible demands. Countries 
ike UK, West Germany and Japan have 
arge nuclear power programmes but 
practically no domestic uranium re- 
ources and are therefore dependent on 
mports. Countries like Canada. Au- 
traiia. South Africa, Niger and Nami- 
da have great potential for uranium 
lut insignificant nuclear programmes 
ind hence are essentially exporters. 



Unconventional sources of uranium 


I N addition to the ores which can be 
processed for recovering ‘yellow cake!, 
several other sources of prospective 
utility have been identified and investi¬ 
gated. For example, phosphate rock 
which is a raw material for production of 
phosphoric acid and phosphate fertiliz¬ 
ers contains a small amount of uranium 
about 0.1 kg per ton. Several processes are 
now being advocated for pr^ucing ura¬ 
nium. as a by-product, from this'source. 

Sea water contains minute concentra¬ 
tion of uranium (about 1 gm in 300 tons 
of water) but the total uranium present 


in the ocean is 4,000.000,000 tons, it is a 
challenge to the technologist to exploit 
this vast reserve of low concentration. 
Active research is on^n some countries 
like Japan and West Germany to evolve 
processes for recovery. However, all 
these efforts have yet to come to a state 
of economic feasibility. 

These and some other unconv<;nttonal 
sources of this type rnay prove valuable 
to some countries not endowed with 
liberal ore reserves. 

T.K.S.M. 


Countries like India have modest re- 
.sources and comparable power prog¬ 
rammes. 

The uranium industry has grown 
dramatically in 3(J years from virtually 
no production in the 1950s to around 
40,000 tons of uranium m the-1980s. 
At present the principal industrial use 
of uranium is as fuel in nuclear reac¬ 
tors. The other principal use is as a 
base raw material for the production of 
explosive devices. Because of this dual 
role the production, marketing and use 
of uranium have been and continue to 
fie subjected to Government control 
and intervention. 

The position of uianium resources 
and production given above does not 
include statistics from the communist 
world. 

Status in India 

In India all matters pertaining to 
uranium and nuclear energy come 
under the jurisdiction of the Depart¬ 
ment of Atomic Energ>’. The Atomic 
Minerals Division (Hyderabad) is en¬ 
trusted with the responsibility of pros¬ 
pecting for uranium minerals and 
c.*(tablishing the ore reserves. Accord¬ 
ing to the recent lAi-lA report, the total 
uranium resources of India are in the 
range of 60.000 tons. Most of the 
proved deposits are in the Singbhum 
area of Bihar. Uranium Corporation of 
India Ltd., (UCiL) is operating a ura¬ 
nium mine and a mill at Jaduguda, a 


place about 40 km from Tatanagar, 
producing 'yellow cake*. Further refin¬ 
ing of this product is done in Trombay 
and at the Nuclear Fuel Complex (NFO, 
Hyderabad. At Trombay. uranium met¬ 
al IS produced and converted into fuel 
elements for use in the research reac¬ 
tors located at barc At nfc. uranium 
oxide, both natural and isotopically 
enriched (frogi UFg received from the 
US and presently from France) is pro¬ 
duced and fuel bundl^’^ suitable for the 
operating power reactors at Tarapur, 
Kota and Kalpakkam assembled. Re¬ 
processing facilities are available at 
present at Trombay and Tarapur. Addi¬ 
tional facilities for producing uranium 
concentrates, nuclear fuel and repro¬ 
cessing are planned to meet increasing 
demand as the nuclear programme of 
the country expands. Thus, India is self 
sufficient in natural uranium, but for 
the present enriched uranium required 
only for the reactors at Tarapur is 
procured from abroad. 

The Uranium industry encompasses 
a number of operations starting with 
exploration, going through mining, 
milling, refining, isotopic enrichment, 
fuel fabrication and finally reproces¬ 
sing. India is one of the few countries 
in the world where the technological 
base for almost all branches of this 
industry is firmly established, □ 

Mr, Murthy is Head, Uranium extraction Diuh 
Sion, Rhabha Atomic Research Centre, Bombay, 
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THERE IS UNEMPLOYMENT 
AHEAD FOR ENGINEERS 


A RIi you planninf{ to go in ff)r en>!inut‘r- 
Ing/ Job prnspectj) t<»r on^Jineers aie 
going to be pretty hleiik .soon. There ib 
already a surfeit ot enfiineer 2 » in the Lonven- 
tional areas like civil. ineLhaniCdl and 
electrical. And thanks to the recent rash of 
engineering colleges, particularly in the 
South, the situation i.s going to be even 
worse. 

There is an unwarranted growth in 
technical educational facilities, particularly 
in traditional courses like civil, mechanical 
and electrical. About 25,01)0 to 27.000 
engineers and technologists turn out from 
our colleges every year, while there are jobs 
only for 15.000 to 17.000 Thus there will 
be 21,000 unemployed engineers and tech¬ 
nologists by the end of next year (when the 
Sixth Five-Year Plan ends). The situation is 
likely to worsen during 1985-90 (the 
Seventh Plan period) when the 29 engineer¬ 
ing colleges set up in Karnataka and Andhra 
Pradesh in the late 1970s by private agen¬ 
cies start turning out graduates in full 
swing. These colleges are, of course, not 
recognised by the All-lndia Board of Tech¬ 
nical Education. 

In 1977, a Special Committee repotted 
that the annual admission capacity ot 
25,000 for the t'rst degree engineering 
course approved by the All-India Council for 
Technical EducationI is more or less adequ¬ 
ate to meet the likely requirement of 
engineers even upU) 1987. The committee 
had al.so recommended that the technical 
institutions alieadv existing should he able 
to expand their lacilitie.s and that there is no 
need to start any new institution at least for 
the next ten wars. Despite this leporl. there 
has been an indisciinunalt' growth in the 
number ol colleges. ai J soon there will be 
too niiinv engineering gi.uiu.iles anamd 
This will in turn Iru.stratc them, and will 
force them either to wi'rk <»n low .salaries or 
remain unemployed It is time the govern¬ 
ment reviewed I he situation 
As lo) iii< turn out o; giaJuiites in 
varifius hraiuht." ol enviiu'eiiiig. In and 
large, disupimes like niei h.inK.ii!. eledrual 
and teleioinn.ur.kdtions electronics have 
grocMi well Juiing flu Tr vears Irom 1971 
to 198h 'leleu'mmunicalion.i and electro¬ 
nics IS. ol coii'M the lasiesl glowing area 
(4(MI per lint I hdlowed h\ textile and 
arc.InteltHill! eiigineuinp i loh per cent 
each). The numbei o| giaduates m the rest 
of the hranihes will iinuase Irom lllh per 
cent to 148 per tint dining this peiiod. 

Ail these statistics are important if you 
realise that science and teihn('*ogy play a 

j' 
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very decisive role in economic develop¬ 
ment. And to utilise the available equip¬ 
ment and knowledge well, it is-es$ential to 
tram and develop manpower in a way that it 
helps exploit science and technology in 
boosting agricultural, industrial and even 
defence production efficiently. To ensure 
the trained personnel are effectively inter¬ 
woven with the projects of national develop¬ 
ment, it is also necessary to assess these 
qualiHed technical manpower in terms of 
their availability, demand, educational faci¬ 
lities, and hence check any imbalance. 

Let us, therefore, take a wide overview of 
the present and future position of first 
degree engineers/technologists in terms of 
their intake, outturn, stock, employment 
and unemployment during 1970-71 to 


in the late 1970s which had a favourable 
impact on the outturn in the 1980s. The 
data have been analysed keeping in view 
these two periods. 

Table 1 shows the trend in the growth of 
engineering facilities in terms of number of 
institutions, their intake and outturn dur¬ 
ing 1970-71 to 1980-81. During 1970-71 to 
1975-76, there was no increase in th^ 
number of institutions and the outturn fell 
by 23 per cent, while in later years (1975-76 
to 1980-81) there was an increase in the 
number of institutions (24 per cent), the 
outturn (36 per cent), and intake (47 per 
cent). This means there will be a rapid 
growth in the outturn of engineers and 
technologists in 1984-85 and thereafter 
when the 29 institutions newly set up 



198.3'8b Tvtl.nii.al education in India in 
the pa:»t .35 years ha.s been organised and 
expanded, as per recommendations made by 
various technical cc* nmittees. which has 
resulted in a surge of institutions, and 
hence in the intake and outturn of graduate 
engineers and technologists. 

In the history of engineering education, 
two periods can be clearly identified: (i) 
when admissions were restricted in the late 
1960s follov\'ing a nation-wide economic 
recession and this had an inverse impact on 
the outturn of engineers in the early 1970s, 
and (ji) when new colleges started opening 


around 1978-79 will start producing new 
graduates. The total outturn is expected to 
be of the tune of 25 to 27 thousand in 
1984-85 and may rise to around 27 to 29 
thousand in subsequent years. 

Region-wise, the southern region has 
taken a lead in the growth of technical 
educational facilities after 1975-76. Out of 
the 31 colleges set up during 1975-76 to 
1980-81. 29 alone are in this region—20 in 
Karnataka and 9 in Andhra Pradesh. These 
institutions have been set up by the non¬ 
government agencies. They also charge 
capitation fee for admissions, and are not 






« 



recognised by the All-India Council for 
Technical Education. As a result, there was 
a more than 100 per cent increase in the 
intake of first degree engineers and tech¬ 
nologists in the southern region, in con¬ 
trast to 21 per cent in the western region, 
15 per cent in the northern region and a fall 
of about 12 per cent in the eastern region, 
in the case of the outturn of the engineers/ 
technologists, however, the highest growth 
has been in the western region (83 per cent) 
and the lowest in the northern region (5 per 
cent). In the southern and ea.stern regions, 
it has been about 47 per cent and 32 per 
cent, respectively. 


Tabic 1 

Years 

No. of 
colleges 

Intake 

Outturn 

1970-71 

130 

17,492 

17,442 

1975-76 

130 

21,491 

13,496 

1980-81 

161 

31,496 

18,381 


How were the engineers distributed 
among the various branches during 1970- 
71 to 1980-81? Mechanical (29%). civil 
(24%). electrical (20%), and chemical (6%). 
were the major disciplines to which tele¬ 
communications/electronics (8%) has lately 
been added. Together, they accounted for 
more than 85 to 90 percent of the total 
outturn of graduate engineers and tech¬ 
nologists during the period. Except tele¬ 
communications/electronics. chemical and 
'other', all the specialities showed a de¬ 
crease in their outturn during 1970-71 to 
1975-76, while not a single branch of 
engineering/technology has shown a fall in 
its outturn during the period 1975-76 to 
1980-81. During these latter five years, the 
highest growth was in civil engineering 
(45%) followed by mechanical engineering 
(43%). telecommunications/electronics 
(42%), architecture (42%), and electrical 
engineering (36%): this indicates that work 
in these areas had expanded considerably in 
the country dur|ng the late 1970s. The 
lowest growth was in chemical engineering 
(9%), which is otherwise considered impor¬ 
tant for the development of the various 
industries like medicines, pharmaceuticals, 
fertilisers, cement, etc, and in textile en¬ 
gineering (12%). 

Is there any mis-match in the supply and 
demand of engineers? What is our total 
^ stock of engineers and technologists? Let us 
start with 1971 as the base year. While there 
were a total of 1.50,200 engineers and 
technologists in the country in 1971. it 


increased to 2.70,200 in 1981 and is esti¬ 
mated to be 3,37.300 in 1986. This means a 
total increase of 125 per cent since 1971. 
and an annual increase of 8 per cent. 
Speciality-wise, the number of telecom¬ 
munications/electronics engineers by 400 

Table 2: Estimates of stock of economlcal- 
br active and unemployed engineers and 
technologists (In thousands) 



1981 

1986 

Stock 

270.2 

337.3 

Economically active 
population (labour force 
stock) 

235.1 

293.5 

Unemployed 

16.7* 

(16.9) 

20.8* 
(20 8) 

Employed 

218.4 

272.7 


Additional employment .54 3 

(1981-86) 


Replacement needs 24.3 

(1981-86) 

Job opportunities 7H.(> 

(1981-86) 


•Worked out on the ba5i.s of unemployment 
rates provided by the Planning 
Commissit)n in the Sixth Five-Year Plan 
Document. Table 13 9. p. 220. 

Figures within brackets represent the 
number of unemployed graduate 
engineers and technologists based on 
registration data of the Live Register of the 
Employment Exchanges (dec&t. New 
Delhi) after applying the correction factor. 


pet cent followed by textile and and 
architecture (1.56%) 

The highest growth, of about 179 per 
cent, in the stock of engineers lias occurred 
in the .southern region. This growth has 
occurred largely during 1981-86 because of 
the opening ot 29 new engineering colleges 
in this region during 1976-80. Karnataka, 
says a study conducted by the Indian 
Institute of Management. Bangalore, "has 
almost set a world record by establi.shing 
the largest number ot engineering colleges 
within the shortest period". The growth in 
the western and northern regions was 133 
per cent and 126 per cent, respectively. On 
the othfi hand, the eastern region shows 
only a moderate growth of about 60 per 
cent. 

Iiitormation on the emplnymenl position 
of engineers is nut teadily available for the 
last decade, and so we cannot work out the 
correct figures (or this decade. However, 
using various estimates of unemploymerit 
among graduate engineers and using data 
fr m empiovment hanges, one could say 
there were Ib.rno to lh.90(( unemployed 
engineer^ and technologists in the country 
in 1981. and 20.800 engineers would be 
unimploved in 1986 ' 

On till next page is a list ot engineering 
colleges in the lountrv' 
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THERE IS UNEMPLOYMENT 
AHEAD FOR ENGINEERS 


A KKi you planninf{ to in for enfjineer- 
Ing? Job prospecLi (or engineers arc 
going to be pretty bleak so(;m There i& 
already a surfeit uf engineeis in the conven¬ 
tional areas like civil. mcLhaniCdl and 
electrical. And thanks to the recent rash of 
engineering colleges, paiticularly in the 
South, the .situation is going to be even 
worse. 

There is an unwarranted growth in 
technical educational racilities. particularly 
in traditional cour.ses like civil, mechanical 
and electrical About 25.000 to 27,000 
engineers and technologists turn out from 
our colleges eveiv vear, while there are |ohs 
only for I5,0i)0 to 17.000 Thus there will 
be 21.000 unemployed engineers and tech¬ 
nologists by the end of next year (when the 
Sixth Five-Year Plan ends). The situation i.s 
likely to worsen during J98.5-90 (the 
Seventh Plan period) when the 29 engineer¬ 
ing colleges set up in Karnataka and Andhra 
Pradesh in the late 1970s by private dgen< 
cies start turning out graduates in full 
swing. These colleges are, of course, not 
recognised by the All-India Board of Tech- 
nical Kducation. 

In 1977, a .Special Committee reported 
that the annual admission capacity (jf 
25.000 (or the first degree engineering 
course approved bv the All-India Council for 
Technical KducationI is more or less adequ¬ 
ate to meet the likelv requirement of 
engineers even upto 1987. The committee 
had .il.so recommended that the teLhnical 
institutions aheadv existing .should be able 
to expand their facilities and that (here is no 
need to start any new institulion «it least for 
the next ten vears Despite this report, there 
has been an indiscriminate giowth in the 
number ot colleges, aiid soon there will he 
too m.irv engineering gr.ulu.ile" around 
This will m turn (luslrate (hem. and will 
force them either to work c»n low salai les or 
remain unemployed It is lime the govern¬ 
ment reviewed the ^ltn.lllo^ 

A.n t(»r the turn out ot giadu.iu's m 
various hiiiiHhe.s oi engineeiing K and 
large. disciplines liki rn«.(.h.iniial. electncai 
and lelecnmmumcalion.> eiectmnics liave 
grown well during the 1.5 vears nom D»7I 
to I98h lelei-omrnunk’ations and eleclro- 
nic.s IS of lomsi. the (astesl ^irowing area 
(4(M( pel utiD lollowLd bv textile and 
archilectuial engiiKe»^ing il5h per cent 
each! The numher o( graduate^ in the rest 
of the hranclics will iiKiease trom l«)b per 
cent lo 148 pei cent during this period. 

All these statistics are important it you 
realise that science and technr 'ogy play a 


very decisive role in economic develop¬ 
ment. And to utilise the available equip¬ 
ment and knowledge well, it is-essential to 
tram and develop manpower in a way that it 
helps exploit science and technology in 
boosting agricultural, industrial and even 
defence production efficiently. To ensure 
the trained personnel are effectively inter¬ 
woven with the projects of national develop¬ 
ment, it is also necessary to assess these 
qualified technical manpower in terms of 
their availability, demand, educational faci¬ 
lities, and hence check any imbalance. 

Let us, therefore, take a wide overview of 
the present and future position of first 
degree engineers/technologists in terms of 
their intake, outturn, stock, employment 
and unemployment during 1970-71 to 


1985 80. Tc'chnicul educdtiun in India in 
the past .15 yeais has been organised and 
expanded, as per recommendations made by 
variou.s technical coi.imittees, which ha.s 
resulted in a surge of institutions, and 
hence in (he intake and outturn of graduate 
engineers and technologists. 

In the hi'itory of engineering education, 
two periods can be clearly identified: (i) 
when admissions were restricted in the late 
1960s following a nation-wide economic 
recession and this had an inverse impact on 
the outturn of engineers in the early 1970s. 
and (ii) when colleges started opening 


in the late 1970s which had a favourable 
impact on the outturn in the 1980s. The 
data have been analysed keeping in view 
these two periods. 

Table 1 shows the trend in the growth of 
engineering facilities in terms of number of 
institutions, their intake and outturn dur¬ 
ing 1970-71 to 1980-81. During 1970-71 to 
1975-76, there was no increase in thcT 
number of institutions and the outturn fell 
by 23 per cent, while In later years (1975-76 
to 1980-81) there was an increase in the 
number of institutions (24 per cent), the 
outturn (36 per cent), and intake (47 per 
cent). This means there will be a rapid 
growth in the outturn of engineers and 
technologists in 1984-85 and thereafter 
when the 29 institutions newly set up 


around 1978-79 will start producing new 
graduates. The total outturn is expected to 
be of the tune of 25 to 27 thousand in 
1984-85 and may rise to around 27 to 29 
thousand in subsequent years. 

Region-wise, the southern region has 
taken a lead in the growth of technical 
educational facilities after 1975-76. Out of 
the 31 colleges set up during 1975-76 to 
1980-81,29 alone are in this region—-20 in 
Karnataka and 9 in Andhra Pradesh. These 
institutions have been set up by the non¬ 
government agencies. They also charge 
capitation fee for admissions, and are not 
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recognised by the All-India Council for 
Technical Education. As a result, there was 
a more than 100 per cent increase in the 
intake of first degree engineers and tech¬ 
nologists in the southern region, in con¬ 
trast to 21 per cent in the western region, 
15 per cent in the northern region and a fall 

« f about 12 per cent in the eastern region. 
1 the case of the outturn of the engineers/ 
technologists, however, the highest growth 
has been in the western region (83 per cent) 
and the lowest in the northern region (5 per 
cent). In the southern and eastern regions, 
it has been about 47 per cent and 32 per 
cent, respectively. 


Table 1 


Years 

No. of 
colleges 

Intake 

Outturn 

1970-71 

130 

17,492 

17.442 

1975-76 

130 

21,491 

13,496 

1980-81 

161 

31,496 

18..381 


How were the engineers distributed 
among the various branches during 1970 
71 to 1980-81? Mechanical (29%), civil 
(24%), electrical (20%), and chemical (6%). 
were the major disciplines tc which tele¬ 
communications/electronics (8%) has lately 
been added. Together, they accounted for 
more than 85 to 90 percent of the total 
outturn of graduate engineers and tech¬ 
nologists during the period. Except tele- 
communications/electronics, chemical and 
‘other', all the specialities showed a de¬ 
crease in their outturn during 1970-71 to 
1975-76, while not a single branch of 
engineering/technology has shown a fall in 
Its outturn during the period 1975-76 to 
1980-81. During these latter five years, the 
highest growth was in civil engineering 
(45%) followed by mechanical engineering 
(43%), telecommunications/electronics 
(42%), architecture (42%), and electrical 
engineering (36%); this indicates that work 
in these areas had expanded considerably in 
the country during the late 1970s. The 
lowest growth was in chemical engineering 
(9%), which is otherwise considered impor¬ 
tant for the development of the various 
industries like medicines, pharmaceuticals, 
fertilizers, cement, etc, and in textile en¬ 
gineering (12%). 

Is there any mis-match in the supply and 
demand of engineers? What is our total 
^ stock of engineers and technologists? Let u.s 
start with 1971 as the base year. While there 
were a total of 1,50,200 engineers and 
technologists in the country in 1971, it 


increased to 2,70,200 in 1981 and i.s esti¬ 
mated to be 3,37.300 in 1986. This means a 
total increase of 125 per cent since 1971, 
and an annual increase of 8 per cent. 
Speciality-wise, the number of telecom¬ 
munications/electronics engineers by 400 

Table 2: Estimates of stock of economical¬ 
ly actK*e and unemployed engineers and 
technologists (In thousands) 



1981 

1986 

Stock 

270.2 

337.3 

Economically active 
population (labour force 
stock) 

235.1 

293.5 

Unemployed 

16.7* 

(16.9) 

20 .8* 

(20.H) 

Employed 

218 4 

272.7 

Additional employment 
(1981-86) 

54.3 

Replacement need.s 
(1981-86) 

24.3 

Job opportunities 
(1981-86) 

78.6 


^Worked out on the basis of unemployment 
rates provided L>y the Planning 
Commission in the Sixth Five-Year Plan 
Document, Table 13.9, p. 220. 

Figures within brackets represent the 
number of unemployed graduate 
engineers and technologists based on 
registration data of the Live Register of the 
Employment Exchanges (deg&t. New 
Delhi) after applying the correction factor. 


per cent followed by textile and and 
architectuie <l5h%| 

The highest growth, of about 179 per 
cent, in the stock of engineers has occurred 
in the .southern region. This growth has 
occurred largely during 1981-86 because of 
the opening of 29 new engineering colleges 
in this region during 1976-80 Karnataka, 
says a study conducted by the Indian 
Institute of Management. Bangalore, “has 
almo.st set a world record by establishing 
the largest number of engineering colleges 
within the shortest period". The growth in 
the western and northern regions was 133 
per cent and 126 per cent, re.speclively. On 
the other hand, the eastern region shows 
only a moderate growth of about 60 per 
cent. 

Information on the employment position 
of engineers is not readily available for the 
last decade, and so we cannot work (lut the 
coirecl figurt\s lo» this dcL.idc. However, 
using variims estimates ol unemployment 
among graduate tngineeis and using data 
from emplovnienl exchanges one could .say 
there were IhTtw* to lo.4i)0 unemployed 
engineers und leihmdogiits in the country 
in 1981 and Jn .SOO engineers would be 
un mpN)vi*d in 1^*86 

On (lie next pane is a list engineering 
C(»lleges m the unintry 
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ENGINEERING COLLEGES IN INDIA 


Tichtilcil Institutions offerinfl decree and equivalent engineering and technology courses 

HS-Hlghcr accondaiy.CBSE-Central Board of Secondaty Education, PUC-Pre-un^snlly course, PE»Pre-cnglncerlng, IntersIntemsdlale, 
l.Sc»Intermediate science. JEE-JoInt Entrance Exam, PD«Pre-degRe, P-prof«Prf-professional) 


Institutidn and affilidtion Tvprof Duration of Qualification 

institution course 
(years) 



1 

2 

3 

4 


NORTHERN REGION 

Delhi 




1 

Indian Institute nf Technology, 

Central govt 

5 

MS or 


New Delhi 



equivalent 

2 

Delhi College of Engineering, Delhi State govt 

4 

10+2 of 


Delhi University 



CBSE 

3 

School of Planning & Architecture. 

Central 

5 

10+2 of 


New Delhi 



CBSE 

4 

Dept of Technology. Jamia Millia 


4 

Diploma in 


Rural Instt. Delhi 

Jammu £ Kashmir 



civil engg 

5 

Regional Engineering College, 

Central £ State 5 

PUC 


Srinagar Kashmir Univ. 

Chandigarh 



MS 

6 

Chandigarh College of Architecture, Stale 

5 


Chandigarh Punjab Univ. 




7 

Punjab Engg College. Chandigarh 

University 

4'/'» 

Production 


Punjab Univ. 


4 

engg. 

Other 

courses. 

8 

Dept of Chemical Engg fi 
Technology. Chandigarh 

Punjab Univ 

Haryana 

University 

4 

PE orequiv 

HS/PUC 

9 

Regional Engg College, Kurukshetra Central £ State 5 


Kurukshetra Univ. 




0 

Technological Inst of Textile. 
Bhiwani 

Maharshi Dayanand Univ. 

Punlab 

Nun'govt 

4 

PE 

1 

Guru Nanak Engg College, 
Ludhiana 

Punjab Univ 

Non-govt 

4 

PE/F Sc 

2 

Thapar College of Engg £ 
Tcchnologv, Patiala 

Punjabi Univ. 

Non-govt 

4 

PE 

.3 

College of Agricultural Engg, 

Univer.sitv 

4 

PE 


Ludhiana 

PuniabAgri. Univ 

Rgissthan 


5 

PUC 

4 

Malviya Reginnal Engg College. 

Central £ State 5 

HS 


Jaipur 

Rajasthan Univ 




5 

Birla Inst ot Technoingv & Science, Automimous 

n 

10+2 of 


Pilani 



CBSE 

6 

M.B.M- Engg College. Jodhpur 
Univ.ot Jodhpu! 

University 

5 

MS 

7 

College of Technology £ Agn Engg. University 

5 

Secondary or 


Udaipur 

Udaipur Univ. 

Uttar Pradesh 



equiv 

B 

Indian Institute of 1 et hnologv. 
Kanpur 

Autonomous 

5 

1st yr Inter 

9 

National Sugar Inst, Kanpur 

Central 

2V,! 

BScoradeg. 



(Sugar Uch.) 

m Engg 





Mech./elect. 


(Sugar engg.) engg 

1 B.sc with 
(Industrial experience 
fermentation in distillation 
£ alcohol orAMSl ^ 




tech.) 


(Sugar tech.) 

20 

Madan Mohan Malviya Engg 
College, Gorakhpur 

Gorakhpur Univ. 

State 

4 

Inter 

21 

B.B. Technological Inst, Kanpur 

State 

4 

J.Sc. 


Kanpur Univ. 


3 

B.Sc. 

22 

Govt. Central Textile Inst. Kanpur 
Kanpur Univ. 

SUte 

4 

LSc. 

23 

Motilal Nehru Regional Engg 

Central £ State 4 

LSc 


College, Allahabad 

Univ. of Allahabad 




24 

University of Roorkee, Roorkee 

University 

5 

Inter 

25 

Institute of Technology. Banaras 
Hindu University, Banaras 

University 

5 

B Tech Engg 

26 

Zakir Husain College of Engg £ 

University 

5 

B.Sc Engg 


Technology, Aligarh 



after PUC 


Aligarh Muslim University 


3*/4 

Dip. in 

appropriate 

branch 

27 

Pant College of Technology 

University 

4 

B Tech, after 


Pant Nagar, U.P. Agricultural Univ. 



I.Sc 

28 

Allahabad Agricultural Inst, 
Allahabafl, Allahabad Univ. 

Non-govt 

4 

Intermediate 

29 

D.E.L tngg College. Dayalbagh, 
Agra 

Agra Umv. 

Non-govt 

4 

l.Sc. 

30 

Kamla Nehru Inst, of Science £ 
Technology, Sultanpur 

Awadh Univ. 

Non-govt 

4 

LSc, 

3] 

Dept of Electronics £ 
Communication, J.K. Inst, of 

University 

3 

B.Sc. 


Applied Physics £ Technology. 
Allahabad. Allahabad Univ. 



HS(+2)JEE. 


EASTERN 

West Bengal 



1 

II 

32 

Indian Institute of Technology. 
Kharagpur 

Autonomous 

5 

HS(+2) 

33 

Regional Engg College, Durgapur 

Central £ State 4 

M 


Burdwan Uni\. 




34 

Faculty of Engg £ Technology, 

University 

4 

HS(+2) 


Jadavpur, Calcutta 


(engg. 


Jadavpur Univ.* 


courses) 




4»/i 




Architecture) 




3 

B.Sc. (Hons) 



Technical course 




4 

Diploma 



(Part-time 

holders 



degree courses) 

35 

Bengal Engg College, Sibpore. 
Howrah 

Calcutta Umv. 

SUte 

4 


36 

Jalpaiguri Govt Engg College, 
Jalpaiguri 

North Bengal Univ. 

State 

4 


37 

Dept, of Applied Chemistry, 

University 

3 

B.Sc.(Hons 


University College of Technology. in chemistiy) 

Calcutta Univ. 


. Bfi 
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38 Dept, of Applied Physics, University 
College of Technology, 

Calcutta Univ. 

39 Inst, of Radio Physics & Electronics. 
University College of Tech. 

Calcutta Univ. 

40 College of Textile Technology, 

, Serampore (Hooghly) 

A Calcutta Univ. 

^ College of Textile Technology, 
Berhampore (Murshidabad), 
Calcutta Univ. 

42 College of Leather Technology, 
Calcutta 

Calcutta Univ. 

43 College of Ceramic Technology. 
Calcutta 

Calcutta Univ. 

44 Bihar Institute of Technology, 

Sindri 

Ranchi Univ. 

4.5 Bihar College of Engg., Patna 1 
Patna Univ. 


46 Muzaffarpur Inst, of Technology. 
Muzaflarpur 

Bihar Univ. 

47 Bhagalpur College of Engg, 
Bhagalpur 

18 Regional Inst, of Technology, 
Jamshedpur 
Ranchi University. 

49 Birla Institute of Technology. 
Mesra, Ranchi 

Ranchi Univ. 

50 Indian School of Mines, Dhanbad 
Deemed University 


University 4 


Central & State 4 


Autonomous 4 


Orissa 

51 Regional Engg College, Rourkela 
Sambalpur Univ. 

52 Unn^rsity College of Engg. Burla, 
Sambalpur Univ> 

Assam 

53 Assam Engg College, Gauhati 
Gauhati Univ. 

54 JorhatEngg College, Jorhat 
Dibrugarh Univ 

55 Regional Engg College, Silchar 
Gauhati Univ. 

Tripuri 

56 Tripura Engg College, Barjala 
Calcutta Univ. 

WESTERN 

57 Indian Instt of Technology. Pbwai, 
y Bombay 

58 Visvesvaraya Regional College of 
Engg, Nai^r 

59 College of Engg, Gadgc Nagar, 


Central 

&SUte 


University 4 


Cential & State 4 


Autonomous 4 


B.Sc. (Hons) 
in physics 

B.Sc (Hons) 
in phy or 
maths 
HS 
JEE 


(Architecture) 

4 HS 


Amravati 
Nagpur Univ- 

60 College of Engg, Osmanpura, 
Aurangabad 
Marathwada Univ. 

61 College of Engg, Karad 
Shivaii Univ- 

62 College of Engg, Pune 
Pune Univ. 


63 Dept, of Chemical Technology, 
Bombay 
Bombay Univ. 


University 


I.Sc 

JEE for 50% 
seats. 50% 
seats for 
students, 
Patna Univ 
l.Sc 


I.Sc. 

JEE 

I.Sc. Ad. test 
for Bihar 
students 
I.Sc. 

Entexam 

H.S. PUC 
Knt. exam. 
BSc (geology 
and maths) 
PUC 
JEE for 
Orissa 
students 
I.Sc 

Enl exam 


64 Laxminarayan Inst, of Technology. University 
Na^ur 
Nagpur Univ. 


j 65 Sir/:J. College of Architecture. 

I Dr. D. N. Road, Bombay 

I Bombay Univ. 

66 Sardar Patel College of Engg, 
Andheri, Bombay 
Bombay Unn^. 

67 Victoria Jubilee Tech. Institute, 

I Matunga, Bombay Univ. 

I 68 Walchand College of Engg. 

I VKshram Bag, Sangli 

I Shivaji Univ. 

Gidarat 

69 Birla Vishwakarma Mahavidyalaya, 
POVallabh Vidyanagar, Kaira Distt 
Sardar Patel Univ. 

70 Faculty ot Technology and Engg., 
M. S. University. Baroda. 

M. S Univ. 


Univitrsity 


Non-govt 


Nnn-govt 

Non-govt 


Nori-govt 


University 


71 L. D. College of Engg, Navrangpura, State 
Ahmedabad 
I Gujarat Univ. 


4 Pre-prof, 

HS/LSc 
4 Pre-prof 

3 

(Degree in B.Sc. wil 

instrumenta- chem, pi 

tiun, mathSfS 

automatic 
control) 

4'/j * 

(Sandwich 

course) 

4 HS 


10 

semesters 


BSc.(d 

phy/malj 

HS& 

aptitude 


HS/l.Scj 


(Architecture) 


(SaiidwiLh \ 

course) * 

3HSi (Maths; 

ipostBSc with 551 

pliv Deg in marks) 

Eleel ) 

3 B.Sc (p; 
(Text chem ) 55% nna 

4 Diplorm 

(Part-time 2yrsex/; 

degree { 

course) 

4 F.Y.B.S^ 

(Engg (55%) I 

tourses) ^ 

4 Jfnd claf 

(part-time with 2 y< 


F.Y.B.S^ 
(55%) ? 

Jfnd claf 
with 2 y< 


deg. courses) exp. 
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72 Lukdhirji Knitg College. Morvi. 

.State 

-t 

HS 1 

Saurashtra Univ 

}3 S. V. Rcftional Colleiie of £n(U{ & 

Central & 

4 US 

K.Y. B.Sc 

i Tcchrioluity, Surat 

South Gujarat Univ 

State 

74 Oharmasinh Desai Inst of 
TechnolofSy, Nadiad 

Gujarat Univ 

Non govt 

4 

IIS 

75 School of Arc hitecture, 
Navrangpura, Ahniedahad 
;■ Gujarat Univ 

Madiera Pradesh 


5^/! 

HS 

Maulana Azad CollcjSe of 
Technoloity. Rhopa! 

Bhopal Univ 

Autonomous 

5 

HS 

7 Govt. En^ Coilcjie, Bilaspur 
Ravishankar Univ 

State 

5 

HS 

'8 Govt. Enjtg College, Jahalpur 

Univ. of Jabalpur 

State 

ry 

4 

(Part time) 

HS 

Diploma 

(55%) 

*9 Govt. Engg College, Rewa 

Awadesh Pratap Univ 

State 

5 

HS 

to Govt. College of Kngg ^ 

Technology. Raipur 

Ravishankar Univ. 

State 

5 

HS 

il Govt. Engg College, Ujjain 

Vikram Univ 

Stale 

5 

IIS 

2 ShriG.S Inst of Technology & 

Non'govt 

5 

HS 

Science, Indore 


4 

Diploma 

Jndore Univ 


Part-time 

course 

(50%) 

3 MadhaVlnht.ofTech.& Science, 
Gwalior 

Jiw^i Univ. 

Non-govt 

5 

HS 

4 Samrat Ashuk Technological In&t., 
Vidisha Bhopal Univ 

Goa, Daman and Diu 

Non-govt 


HS 

5 Goa College of Engg, Fermagudi, 
Goa 

Bombay Univ. 

SOUTHERN 

Andhra l*ndesh 

State 

4 

Pie-prof/ 
HS 

8 College ot Engg. Kakmada, 
Hyderabad 

University 

4 

Inter 

Jawaharldi Nehru Tech Univ 


4 

(Part time) 

Diploma 

7 College uf Engg, Anantapur 
Jowahaildl Nehru Tech Univ 

University 

4 

4 

(Part-time) 

Inter 

Diploma 

1 College of Fine Arts & Architecture. University 
Hyderahiid 

Jawaharlai Nehru Tech Univ 

5 

Intel, 

SSC'merit 

1 Nagarjunasagar Engg College, 

Univeisitv 

4 

PUC 

Hyderabad. Jawaharlai Nehru Tech 

Ihiiv 

4 (pari time) Oiploma 

1 Univ. College of Engg. Hyderabad 
Osmania Univ 

Unn/ersity 

4 

Inter or 
equiv 

{ Univ. College of Tech, 1 lyderahad 
Osmania Univ 

University 

4 

Inter 

f College of Engg, Waltair 

Andhra Univ. 


4 PUC/HSC/ 

Inter 

4 (Pari-time) Diploma 

Andhra Univ. College of Science & 


4 

PUC/HSC/ 


Tech, Waltair Inter 

Andhra Univ 


94 Sri Venkateshwara Univ College of 
Engg, Tirupati 

S. V. Univ. 

M 

4 

Inter 

95 Sidhartha Engg College, VijayawadaNon-govt 
Nagarjuna Univ. 

4 

Inter 

96 Chaitanya Bharathi Inst, of 
Technology, Hyderabad 

Osmania Univ. 

Non-govt 

4 

Inter ^ 

97 N. B. K. R. Inst of Science & 
Techn.. Vidyanagar 

Sri Venkateshwara Univ- 


4 

Inter 

98 Sagi Ramakrishnan Ra)u Engg 
College, Bhimavaram 

Andhra Univ. 


4 

Inter 

99 K. S. R. Memorial Engg College, 
Cuddapah 

S V. Univ 

Non-govt 

4 

Inter 

100 College of Engg. Machilipatnam 
Andhra Univ 

PI 

4 

Inter 

101 Kakatiya Inst, of Tech. & Science, 
Warangal 

Kakatiya Univ. 


4 

Inter 

102 Sultaivul-ulnom Education 
Society’s College of Engg & 
Technology. Hyderabad 

Osmania Univ 


4 

Inter 

lOS Gandhi Inst of Tech. & 
Management, Visakhapatnam 
Andhra Univ 


4 

Inter 

104 Regional Engg College, Warangal 
Kakatiya Univ 

Karnataka 

Autonomous 

4 

4 

Inter 

Diploma 
(2 yrs exp) 

105 Govt. B. 1) T College of Engg, 
Davangere 

Mysore Univ 

Govt 

4 

2-year PUC 

10() Govt Sri Krishnarajendra Silver 
Jubilee Tech Inst. Bangalore 
Bangalore Univ 

Govt 

4 

■' 

107 University Visvesvarya College of 
Engg, Bangalore 

Bangalore Univ 

University 

4 


108 R M S. College ot Engg, Bangalore Non-govt 
Bangalore Univ 

4 

4 

Diploma 

109 National Inst of Engg. Mysore 
Mysore Univ 


(Pait-time )(3 y„ 

* 2-year PUi 

110 B V B College of Engg & 
Teclinology, Hubli 

Karnataka Univ 


4 

IP 

11 1 Manipal ln.st of Tech. Manipal, 
Udupi 

Mangalore Univ 


4 


112 11 K.E. Society Engg College, 
Culbarga 

Karnataka Univ 

Non-govt 

4 

** 

113 Malnad College r.f Engg, Hassan 
Mysore Univ 

fi 

4 

If 

114 PE.S College of Engg, Mandya 
Mysore Univ 

|i 

4 


115 M. S. Ramaiah Inst, of Technology 
Bangalore 

Bangalore Univ. 

Pt 

4 

ffi 







15 R.V. College of Engg, Bangalore, 

Bangalore Univ. 

17 Sri Siddaganga Inst, of Technology. 

Tumkur 
Bangalore Univ. 

118 Sri Jayachamarajendra College of 
I^Sd* Mysore 

44ysore Univ. 

119 gasaveshwar Engg College. Bagalkot 
Karnataka Univ. 

120 Dayananda Sagar College of Engg.Non-govt 
Bangalore 

Bangalore Univ. 

121 Bangalore Inst of Tech. Bangalore 
Bangalore Univ. 

122 Islamiah Inst of Tech, Bangalore 
Bangalore Univ 

12.1 Baouji Inst, of Engg & Technology. 
Davangere 
Mysore Univ 

124 Sri Dharmasthala Manjunatliesh- 
wara College of Engg & Tech. 

Dharwad 

I Karnataka Univ. 

(k'j Ghousia College of Engg. 

Ramanagram 
Bangalore Univ. 

12b Adi Chunchanagiri last of Technol¬ 
ogy. Chikmagalur 
Mysore Univ 

127 K.L E Society's Engg College. 

Bel gaum 

Karnataka Univ. 

128 H.K E. Society's Engg College,Non-govt 
Raichur 

Karnataka Univ 

129 Karnatak Uw Society's Engg Col¬ 
lege, BeIgdum 

Karnataka Univ. 

VK) Jawaharlal Nehru National College 
of Engg, Shimoga 
Mysore Univ. 

121 Guru Nanak Oev Engg ('ollege. 

Bidar 

Gulbarga Univ. 

1.12 Anjuman Engg College. Bhatkal 
Karnataka Univ. 

133 Sri Siddhartha Inst of Technology. 

Tumkur Dist. 

Bangalore Univ 

114 Khaja Banda Nawaz College of Engg, 
Cul^rga 

Gulbarga Univ 

115 B.L.U.E. Association's College of 
Engg & Tech, Bijapur 
Karnataka Univ. 

13b Murugharajendra Inst, of Technolo¬ 
gy, Chitiradurga 
Mysore Univ. 

137 Vijayanagar Engg College. Bellary 
13H Rural Technical Education Society " 
Y Engg College, Hulhoti 
Karnataka Univ. 

139 S.T.J.E. Engg College. Rane Bennar 
Karnataka Unw. 

140 Indian Inst, of Science, 

Bai^alore 


4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 

• 4 

4 

4 

4 

4 

4 

4 

4 


141 Karnataka Regional Engg. College, 
Surathkal, Mangalore 

Ktnla 

142 College of Engg, Trivandrum Govt 
Kerala Univ. 

143 Govt. Engg College, Trichur 
Calicut Unw. 


of Engg, Quilon,Non-govt 
Palghat, 


144 T K M. College 
Kerala (iiii> 

145 NS.S College of Engg. 

Calicut Univ. 

146 Mar Athanasius College of Engg, 
Kothamangalam Kerala Univ. 

147 Regional Engg College. Calicut, Autonomous 
Calicut Univ 

Tkmll Nadu 

148 Govt College of Tech. Coimbatore Govt. 
Madras Univ 

149 Govt. College of Engg, Salem 
Madras Univ. 

150 A.C. College of Engg and 

Technology, Karaikudi '' 

Madurai Kamaraj Univ. 

151 A.C College of Tech, Madras University 
Anna Univ. 

152 Faculty of Engg & Technology. 

Annamalai Nagar 

Annamalai Univ. 

153 Department of Tech 
Annamalai Nagar Annamalai Univ. 

154 College of Engg. Madras ^ " 

Anna Univ. 

(P 

155 Madras Inst, of Tech, Madras 
Anna Univ 

156 School of Architecture and Plan¬ 
ning. Madras Anna Univ 

157 P S.C College of Tech, Coimbatore Non-gnvt 
Madras Univ. 


158 Coimbatore Inst of Tech. 

Coimha tore 
Madras Univ 

159 Ihiagarajar College of Engg, 

Mddurai 

Madurai Kamaraj Univ 

160 [ndian Insf. of Tech, Madras Autonomous 5 
16! Regional Engg College,, Trichy. 


2-year PUC | 
PD 

Dip with 2 ] 
PD 

Dip. with 
yrs exp. 

PD 
PD 
PD 

4 PD 

4 PUC/HS 

3^2 (part-time) Dip (3 


4(part-time) 

4 

4 

(Part-time) 

4 

4 

4 


4 

HS/PUC 

3V& 

Dip with 1 

(Part-time) 

3 yrs exp. 

4 

HS/P 

3'/f 

Dip with 3] 

(Part-time) 

exp. 

4 

HS/PUC 

4 

HS/PUC (6 

3'/j 

Dip with 3) 

(Part-time) 

exp. 

4 

PUC/HS 

4 

HS/PUC (6 

314! 

Dip with ^ 

lart-time) 

exp. 

3 

B Sc (6091 

5 

HS/PUC 

maths 

4 

HS/PUC 


I.TM/DT 

(Part time) 

3 yrs exp.^ 

.1 yrs 

DME/D 

3 yrs e*P 

5 

HS/PTC/PUfi 

3*/5- 

Dip with 3 >1; 

(Part-time) 

exp. .;‘l 

4 

Jli 

3V^ 

Dlpwlth3>';> 

(Part-time) 

«p- 1 

5 

PUC/HS Vj 

4 

HS/PUC 

3«/2 

Dip with 3 

(art-time) 

exp. 


The list excludes two special institutions in West Bengal conducting courses 
m jute technology and marine engineering and three special institutions in 
Maharashtra conducting diploma courses equivalent to degree in G.D. 
Architecture for want of Information. 


Autonomous 3 


lind Class 
B.Sc. 






TWOOIEKIS 
FORcnnM. 

MUnVITT 

Continued from p. 25 

attempts at grand unification aim at unifying three of the 
four basic forces of nature, leaving apart (ironically) the 
i force of gravity. For it is realised that gravity as presented 
c through general relativity does not quite fit into the present 
scheme of unification. The present attempts at uniHcation 
t are nevertheless indirect tributes to Einstein's vision: for he 

• embarked upon his unification work at a time when all 
I other leading physicists were sceptical. 

f Two alternatives are thought of to remedy the situa¬ 
tion. One is to construct a quantum theory of gravity, a task 
that is-immensely difficult. The difficulty lies both in 
? relativity and in quantum theory. Quantum theory de- 
' scribes the properties of nature at a very small (microsco- 
, pic) level. Just as matter looks continuous and unbroken at 
the “everyday" macroscopic lev^l but is in fact made of 
r discrete particles like atoms and molecules, so it is with the 
' general description of physics. For example, electromagne¬ 
tic radiation appears to be a continuous flow of waves at the 
; macroscopic level, but at the microscopic level it is also 
made of particles of light called “photons". Likewise 
\ physicists believe that gravitational radiation is made of 
“gravitons"—particles like photons. But remember, accord- 
I ing to general relativity, gravity is a manifestation of 
spacetime geometry. So how do we stretch a geometrical 
; meaning to the “graviton"? Does it imply that the spacetime 
structure is not continuous but is discrete? These questions 
are conceptually hard to answer. Just as at the classical level 
^ gravitational radiation proved to be much more complex in 

* nature than electomagnetic radiation, so has quantum 
gravity turned out to be much more intractable than 

t quantum electrodynamics But it i.s essential to quantise the 
general theory of relativity if gravity is to be united with 
other forces of nature. 

' Perhaps the difficulties of this path have prompted 
some physicists to take another route of superfiravity. This 
is a new approach to gravity somewhat akin to the particle 
physicists’ way of looking at baMC interactions. It is too 
I early to say whether this path will lead us to the desired 
goal. 

To sum up then, we may judge the performance of 
general relativity to date on three ciiteria: (1) Did the 
< theory introduce a dramatic input of new ideas into 
fundamental physics? (2) Has it passed all the po.ssible 
experimental tests to date^ (3) Has it interacted with other 
.branches ot physics to stimulate further advances? To me 
the answer is “ve.s" on the first two counts but “no” on the 
- last. 

* I can therefore rai.se only two cheers for general 
relativity today 

I 

prof. Narhkar. irho *ieaiL the Theoretnal /WrophysK. if roup at the 
' Tata Institute of FundameuUil Research, fiornh-uj) ts Previhnt nt the 

• Indian AssaciaUtm tor (ienefoi Rvlatwito otui (Mnintatton ilHHJ 
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^ Td bring life back to these vacant eyes 



just send this back to us. 


r: 


The blind don't need 
sympathy. They need sight. 

And since you can read this, 
you can give a blind person 
the gift of sight. It will be 
the most precious gift he 
or she will evei receive. 


■ 

■ 

■ 

I 

■ 

a 

■ 

■ 

■ 

I 

■ 

■ 

I 


I would like to know more about eve donation and 
cornea grafting Send me a detaiied brochure 

(kindu llll III him k kill IM 

NaniL Ml Ms--- 

Aildicss-- 


Si.iii 



PlIlCudL __ 






3iGHi; 


TIMES EYE RESEARCH FOUNDATION 

7, liih.idui Sh.ili /.it.ii Nt.iii' \i l)Llhi I IiHHIj 


emotion that your eyes will 
li\c much longer than you. 
And that some blind person 
Mill see through them 

II voui heait goes out to the 
blind during your lifetime, 
let your eyes go out to 
them aftei death. 

It's the most preckius gilt 
> ou can give them. 

fo know more about eye 


All it takes to restore 
sight is a cornea transplant. 

The useless cornea replaced 

by a healthy one. And the Sfolft, A Ollly yOtl CBD ^V0* donation, and what kinds 
healthy one could by yours. "O ol blindness can be cured. 

Eye removal leaves no scar or disfigurement, send us the coupon lor a detailed brochure. 

And once you've pledged to donate. Do it today, Remember, miracles can’t 
you'll live with the gratifying cure the blind.You can. 


evpi«>»l/i183/TrRF.'?t9 • 




SCIENCE TODAV. MAV IQM fia 













“To fight CANCER we will have 


N otwithstanding the artifi¬ 
cial boundaries that man cre¬ 
ates between him and his 
neighbour, there are certain 
afflictions which threaten mankind as a 
‘ whole. Cancer is one such danger 
; confronting all of us. It is equally true, 
however, that there are organisations 
which transcend the divisive barriers 
' and launch crusades against such 
threats. The International Association 
|. for Research in Cancer (IARC). with 
• its headquarters at Lyons. Prance, is 
one such organisation dedicated to 
! fight this scourge. If there is one 
i’ individual who personifies this sense of 
dedication, this spirit of the crUsade 
against cancer, then he is Lorenzo 
, Tomatis. Prof. Tomatis has been with 
the IARC ever since its inception and 
\ today he is its Director-General. 

Prof. Tomatis is diminutive only in 
his physical stature but a giant by way 
of his scientific contributions. For a 
: Frenchman, he is uncharacteristically 
quiet, not given to any significant 
gesturing. His voice is soft, almost 
velvety. But that velvet acquires a hard 
• steel lining when it comes to the 
subject of smoking. His hands suddenly 
become tellingly expressive—as if he 
cannot find adequately strong words to 
condemn this treacherous, deplorable 
habit of man responsible for inviting 
cancer. As a matter of fact, that is the 
theme he singularly projects; that man 
unwisely and irresponsibly subjects 
I him.self t) unnece.ssary insults that 
provide the toe-hold for cancer. He has, 
therefore, made it his life mission to 
identify*, and uncover all such factors 
; responsible for promoting malignant 
growth which man himself in his 
wayward, errant manner lets loose. Be 
they in the form of an environmental 
pollutant, or a drug which does more 
harm than good, or a food item which 
j might well be left alone or a food habit 
which should be broken. Prof. Tomatis 
1 has vowed to pre.sent man with weigh¬ 
ty, incontrovertible evidence about 
! their effects. Research in the aetiology 
, of cancer according to him. should 
' gain priority over treatment-modali¬ 
ties, for prevention is better than cure. 
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Prof. Tomatis was in India recently 
to inaugurate a symposium on Cancer 
Research and almost evangelically pre¬ 
sented his massive evidence. Science 
Today took this opportunity to inter¬ 
view him and pose questions that you 
always wanted to ask yourself. 

Do you think that the level of financial 
investments in cancer research, either 
at the International Association for 
Research in Cancer. UARO. at Lyons, 
France or worldwide is adequate? 

No. The amount of money spent is not 
enough, although I must confess that 
the absolute amount might appear as a 
decent one. I will give you an example. 
When the iarc was founded in 1965 in 
five countries namdy, France, Italy, 
FRG, UK and USA, it was decided that 
0.1 per cent of the respective country's 
defence expenditure will be allocated to 
cancer research. If that percentage 
were to be maintained, we should have 
had 200 million dollars from the US 
alone, whereas what is being spent is 
roughly 150 thousand dollars. If this 
sum appears fairly large, I would like to 


remind you that the lost earnings due 
to people dying from cancer was of the 
order of 40 billion dollars in 1983. Add 
to this the expenses on medical care, 
which is also of the same order. In¬ 
terestingly, two companies in the US 
selling tobacco, spend on their adver¬ 
tising as much money as the Nationalf 
Cancer Institute, Maryland, USA. does 
on cancer research. 

If enough money is not made available 
then surely cancer research must be 
affected? 

Certainly. Now we do not have money 
to hire new people and younger talent 
or to extend our activities, which is 
absolutely essential. 

Do you think that the cancer incidence 
in general is increasing? 

Yes, absolutely so. It is not galloping 
away but the incidence is certainly 
increasing. 

Does it mean that more people are 
dying of cancer today than before? 
No. I am not saying that persons 
having cancer have high mortality. I 
am talking of absolute numbers 
affected by cancer. Today, because ther¬ 
apeutic regimen has improved we are 
able to cure more and more people. 
Is it not good enough then? 

No. Certainly not. There is no room for 
complacency, we must reduce mortal¬ 
ity. I would give one instance. Smoking 
is very much on the increase, leading 
to lung cancer and many deaths—even 
in developing countries, where cancer 
incidence was low in earlier days. 
Cancer is considered a geriatric dis¬ 
ease, mostly affecting old people. Is it 
true? 

Yes. 

Why is it so? 

Well, firstly there is an increase in life 
expectancy. Secondly, there is a drastic 
reduction of deaths at earlier age due to 
other diseases and risk factors. More 
importantly, there is a great expansion 
of risk factors which have proliferated 
due to extensive industrialisation, and 
continuous exposure to these factors 
(certain chemicals at home or in indus¬ 
tries or exces.sive smoking for a long 
period of time) can result in cancer in 
the old age. 


"f 



\o control our environment’* 


Would you then consider cencer as a 
culture! disease or a disease due to 
particular life-style? 

It depends on what you call life¬ 
style—smoking, drinking, eating, 
working? If some of these activities, for 
instance, smoking, increase the risk, it 
i| a disease of the life-style. Socio- 
etonomic status also plays a role in 
causing cancer. 

Like permissive living considered to he 
responsible for diseases, like Atns^ 

Yes. the analogy is apt to the extent 
that cancer can be considered a disease 
due to life-style. 

Is there any indication that there is a 
greater incidence of cancer in other 
age groups, also? 

Not in a blanket manner. But for 
certain types of cancer, the incidence is 
increasing. For example, breast cancer 

I and melanoma are increasingly found 
in younger age groups. 

Melanoma is more of a problem in 
European countries and northern lati¬ 
tudes. What about tropical and sub¬ 
tropical countries? 

There too it is increasing. 

You have talked about the importance 
of aetiology of cancer, especially iden¬ 
tifying chemicals which might cause 
cancer. Since it is not possible to do 
anything about these chemicals like 
removing their toxicity, what purpose 
is sensed by identifying more and more 
chemicals? 

A good question. For example, it is true 
that vinyl chloride which was identified 
a^ a chemical carcinogen, has not beea 
abandoned in industrial use, nor has its 
production been suspended; hut its 
identification as a chemical carcinogen 
has certainly helped to reduce the risks 
associated with its use. Previously, 
large amounts were left lying around 
without any precautions. Now* mea¬ 
sures are taken to reduce the risk-level 
which in turn increases the productiv¬ 
ity also. And at the consumer end 
where the exposure is at a very low 
level, assessment of the risk can be 
undertaken and that is very important. 

^ WhaVs the role of nutrition in cancer 
incidence? / am asking this question 
particularly in view of protein<alorie 


malnutrition in India. 

It is a very difficult question. Deflciency 
of certain micronutrients is known to 
enhance the carcinogenic risk factor 
Also, indirectly too cancer-risk is en¬ 
hanced. For example, melanoma re¬ 
duces immune defences which may 
also contribute to increase cancer inci¬ 
dence. 

The recent discovery of oncogenes has 
given a feeling to the lay public that 
cancer is hereditary. Would you agree 
to this? 



Prof. Tomatis with Dr. Phondke 


No. On a hereditary basis, the cancer 
incidence are indeed rare. To get 
cancer, two elements are necessary—a 
carcinogen and an individudL What an 
oncogene indicates is only an innate 
.su.sceptibility of the individual. 

Does it mean that both oncogenes and 
certain promoters (cancer-inducing 
agents) should act in cohesion to give 
rise to cancer? 

That's right If an (jncogene is pre.sent, 
Its activation would be more facile and 
then cancer will be caused. But an 
onc(»gLMie li> it.scif does not iiiilicaU 
what factors can give rise to cancer 
A great deal of cancer research is 
carried out m animals And, a comid- 
erahle section of people feet that this is 
unnecessary and the animals are need¬ 
lessly being tortured for experimenta¬ 
tion. Would you agree? 

Well, you should v:ew this a,spect m 
totality from the angle of all the uses of 
animals tor research purposes. Only 10 
per cent of these animals are used for 
biological research and cancer research 


“■Prof. Tomatis 

utilises only a fraction of these. I agree 
that the major use of animals is not in 
constructive research—it is for cosme¬ 
tic research where the animals are 
tortured, etc. In contrast, in cancer 
research the animal.s are maintained in 
good condition. The advances in diffe¬ 
rent scientific disciplines further re¬ 
duce their use to the absolute mini¬ 
mum. For example, more and more 
cell lines and prokaryotic systems are 
used for screening chemicals. One 
should not forget that human ex¬ 
perimentation IS even worse and the 
use of animals, of course, should be on 
a very selective basis and to the mini¬ 
mum extent—all for a better human 
life 

In the management of cancer, what 
priorities would you set for the future? 
As you know, right from the beginning 
a multi-pronged strategy has been em¬ 
ployed to tackiv the cancer problem. 
And this should continue. Laboratories 
have been set up to study its aetiology, 
epidemiology, chemotherapy and im¬ 
munology. Attempts have been made to 
quanti^ the risks of various carcinoge¬ 
nic agents, including certain dietary 
habits and identify individual suscepti¬ 
bilities. Now, the .stress is on N.smg 
monoclonal antibodies for the fight 
against cancer. 

Since cancer is t onsidered as a disease 
of the old, i ertain sections new all the 
money and research effort as mis¬ 
directed and going waste. Would you 
comment on this'-' 

This .sort of thinking is really unfortun¬ 
ate and sad It's a ditferent thing that 
governments dtm t want to .spend in¬ 
creasing amounts on cancer research 
an ' fien^e tlie research returns are 
hound to he diminished But that does 
not lu.stilv the thinking that .senior 
citizens are a drain on ,s(»ciety. It is 
tantamount to saying that these same 
people will be happy if the different 
governments can fund cancer research 
to kill the old at 71. Tlie primary aim of 
all medical research programmes 
should Ire health preservation and 
keeping the old people healthy so that 
they can prove themselves to be useful 
member.s of society. [J 
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BUILDING UP AN IMAGE 

S. Arun-Kuinar R. Chandrasekhar Kamal Lodaya Paritosh Pandya R. Ramanujam 



T he computer, we know, proces¬ 
ses numbers but it can be made 
to process data in other forms as 
well; for example, letters, words 
or any other symbols. For this, the 
computer has to be tauf^ht to recognise 
the symbols which implies that sym¬ 
bols have to be encoded into numeric 
form. Once it is done we can work 
directly with symbols themselves. Such 
symbol processing is the basis of all 
modern applications of the computer. 

Symbol processing 

A good ex*irnple of symbol proces¬ 
sing, with a wide range of applicability, 
is the manipulation of polynomials 
occurring in algebraic calculations. 

Almost always a problem is stated in 
terms of variable.S' -say, xand y. Let us 
suppo.se It IS required to multiply two 
polynomials exprcs.sed in terms of 
these. The multiplication can be per¬ 
formed using simple rules of algebra 
and numerical values can be assigned 
to the unknown quantities in the end 
to get the final answer. 

Consider the simple multiplication 
given below, with x = 6. 

(x + .'3) (V - 3) = -f 3x - 3 X - 9 
.r - 9 - .36 -- 9 == 27 

Why go Ihiough this convoluted 
senes of operations'* Why not simply 
substitute the values and perform the 
operations on the numbers them¬ 
selves''* 

(.Y 4 31 (A 3) - (6 + 3) (6 - 3) - 27 

There are many advantages of doing 
algebraic mampulalion^* before plug¬ 
ging in the numerical values, e.spocially 
when the calculations are lengthy 

Algebiau toimulae appear in a wide 
variety sl^u.^tlon^ For example, x 
and y could repn sent current and 
voltage m an ek\trkal problem or lime 
and distance in a niethanical problem. 
Simplifications of the formulae wilh a 
set of nile.s errjid vield a .simplified 
form, applicable in eilhei case Fre 
qiiently this re.sulLs in the .saving ot 
computer time. 


F/g. I Symbol processing shells 

The essential steps in symbol proces¬ 
sing consist of: 

□ Recognising the fundamental en¬ 
tities and the operations to be carried 
over ttiem 

IJ Representing the new symbols in 
terms of those already available on the 
computer 

1 j Piogramming the operations on 
eacti new symbfil in terms of the 
operations already . ;ailable 
IJ Programming the application in 
terms of the new .symbols and their 
operations 

In the above example the fundamen¬ 
tal entity involved is the polynomial. 
How do we represent this in the 
computer.^ Before we an.swer this, note 
that the .same polynomial can be repre¬ 
sented in various ways. 


Ox* -t- y - 9. 3 - 2r -h (-9), jc - 9 

+ 3x - 3x, U 4- 3) (a-3) 

We can adopt a standard form, 1x4 
Ox - 9 for this polynomial 

We then represent it by a listing 
of numbers (1, 0. 9|. Similarly, (5, - i, 
2, -3. 01 can stand for - x' 4 2x® -- 
3x. The reader will probably enjoy 
handling the problem of more than one 
variable (Hint: encode the variables as 
well) 

Then we have to decide how to input 
the polynomials and what sort of an 
output we want. That is, the represen¬ 
tation has to be not only machine— 
readable but also human—perceivable. 

After this, we programme the addi¬ 
tion, subtraction and multiplication of 
polynomials in terms of our lists of 
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The computer has become more widely accessible, 
making symbol processing meaningful for many more 
purposes 


numbers. In fact, more operations have 
to be included if found necessary. 

We have built successfullv, a sort of 
shell around the computer. Now we 
can pretend that the computer under¬ 
stands polynomials. Our further appli¬ 
cations can be planned starting with 
Ahis assumption. 

t There is no reason why another shell 
cannot be built over this one! Figure I 
demonstrates one such hierarchy of 
shells developed in the early sixties for 
the benefit of electrical engineers, in- 
tere.sted in designing circuits. Using 
the top level capability, the engineer 
could ask questions like: 

What is the current across the 5K 
resistor if a IfjF capacitor is addded in 
parallel to the lOV source? 

Of course, that can't be asked in 
plain English, but in a language .spe¬ 
cially designed for the program. A 
more complicated, but still routine, 
query would be; 

Find the optimum value at an in¬ 
ductance at a given point in a network. 

This IS a typical computer applica¬ 
tion for an expert, since it requires 
highly specific knowledge about the 
problem-solving domain. We will look 
at other such expert systems a little 
later. 

Word processor 

The above example was somewhat 
mathematical in nature. In fact, early 
.symbol processing applications on the 
computer were for the benefit of 
mathematicians and .scientists. In re¬ 
cent years, however, the computer has 
become more widely accessible, mak¬ 
ing symbol processing meaningful for 
many more purposes. 

As we have pointed out in an earlier 
article, the deyelopmenl of writing 
permitted the .storage of information in 
the form of text (printing made it more 
permanent). For almost any transac¬ 
tion, we keep a written record. Moreov¬ 
er, mo.st of our heritage is enshrined in 
the form of texts, be it prose or poetry, 
in English or in Sanskrit. Can the 
^ computer be made to process text? 
Wliat are the operations that can be 
performed on text? Consider the very 


You see. 1 had decided—rightly or 
wrongly—to grow a moustache, and this 
had cut ieeves to the quick. He couldn't 
stick the thing at arty price, and I had 
been living ever .since in an atmosphere 
of bally disapproval till 1 was Jolly well 
fed up with it. What I mean is. While 
there's no doubt that in certain matters 
of dress Jeeves's judgement is absolutely 
sound and should be followed, it seemed 
to me that it was getting a bit too thick if 
he was going to edit my face as well as 
my costume. 

Fig. 2 Text before Justification 

process of preparing a neat write-up 
(maybe an office memo or a Fh.D. 
thesis). We start with a draft and 
invariably make changes and correc¬ 
tions before getting it in the final form. 
To program this application, writing 
means inputting it into the computer, 
and reading means asking the compu¬ 
ter for a display. Rut correction means 
changing the text Typical corrections 
are of the type: 

U Spelling mistakes. 

□ Inserting, replacing and removing 
words. 

□ Moving sentences (even paragraphs) 
around. 

A text Ks d I LSI of sentences, a 
sentence is a list of words, a word is a 
list of characters, and characters can be 
encoded into numeric form. We tan 
also have higher subclivLsions like para¬ 
graphs or chapters The operations 
required over each ot these symbols are 
insertion and removal (icplacemcnl is 
just a removal lollowed by an in.ser- 
tion). 

In prac tice. it is not .so ea.sy to handle 
these units (is punclualion part of a 
word, for eAumpIe?). Sr) text editors 
- -the pn)gram.s which cater to such 
manipulalirjn— normally h.ivc* rjpera- 
tions i>n chjr.icters., lines and pages 
They also make it possible to quickly 
browse through the material to .search 
for a particular portion of the text, with 
the help ol a .special command. 

The “neat write-up ’ is printed by 
another program, called a text format¬ 
ter. Consider the text shown in Figure 


You see. I had decided—rightly or\i 
wrongly—to gmw a moustache, and this 
had cut Jeeves to the quick. He couldn't' 
stick the thing at any price, and I hadV 
been living ever since in an atmosphere ^ 
of bally disapproval iiU I wqs jolly weM, '; 
fed up with it. What 1 mean is. Whge ^ 
there's no douN that in certain 
of dress Jeeves's judgement is absolutely^ 
sound and should be followed, it seeniejil'!^ 
tn me that it was getting a bit too thfektf/ 
he was going to edit my face as wdl ks '. 
my co.stume. 


Fig. 3 Text after Justification 

2, which IS roughly as a typist would 
enter it. It can. however, be neatly 
aligned to look like Figure .3. Most 
people would agree that the latter looks 
much,better It is. in fact, ideal for the 
nuilti-column tormat of a newspaper or 
magazine Such alignment, called Jus¬ 
tification, has traditionally been per¬ 
formed by a typesetter, but a computer 
program can do it as well. 

Jt IS slightly tricky to define the rules 
for ju.slification, especially if hyphena¬ 
tion IS also, to he performed. The rules 
tend to be .somewhat adhoc. and de¬ 
pend upon the taste of the typesetter. 
When IS some lustificalion g(U)d? When 
IS one hyphenation uglier than 
another? These are difficult things to 
make one undersland and more so with 
a computer' One possible solution is to 
say that I he totiil amount or blank 
space in a paragra|)h must be as evenly 
distributed as possible. Once such rules 
are stated, a program can perform the 
layout as vwli as an expert typesetter. 

Forrnatlim* can be done for output 
to a typewriter oi a ph«)tr)tvpesetter in 
a p’'Mlm>.; Pies-. I he program will vary, 
.siriLc Uk press allows much greater 
flexibililv (hari the tvriewritcr. the mo.st 
notkL.ihle bemw the awiiiability of sev¬ 
er,il t(‘llt'^ ol Ivpe 

Word prorcs.sors are computers that 
havL sLiiti pnigranis to manipulate 
text One Can give a simple command, 
lor example, to format a story in three 
3 inch columns with a page size of 50 
lines \tiempts are al.so being made to 
automate ttie proper placement of fi¬ 
gure.*' in a text. 
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Experimenters wanted a plot of their results, social 
scientists, maps and managers, bar charts 



Fig. 4 Image enhancement of a satellite picture 


Processing pictures 

As the use of computer spread, it 
became evident that numbers (and 
text) were not always the most desir¬ 
able form ot output. Kxperimenters 
wanted a plot ot their results, social 
scientists, maps and managers, bar 
chatts. Fo^ example, an a.strophysicisl 
would prefer a graph showing regions 
with a high concentration of hydrogen 
to a huge mass <»t numbeis trom which 
he has to pick out the relevant pcnnls 

Computer graphics developed pre¬ 
cisely to fulfil tins need initialK with 
the help of plotters, and gradually 
moving on to today's colour video 
terminals But gia|>hics is not merely a 
matter of adihrig new hardware The 
representation and manipulation of pic¬ 
tures in terms ol existing computer 
symbols IS a maior headache. In order 
that the vi.sual riprcHiilalion be laith- 
ful to the original, the displav must 
have a high iesoluln)n (more dots pei 
unit area) A scieentui ul data works 


out to tens and thou.sands of dots, and 
continually updating—sometimes even 
displaying—this data requires a lot of 
computing power. 

In image processing the computer is 
used to transform a picture into a more 
comprehensible one One of the popu¬ 
lar techniques is to remove grey tones, 
converting grey to black or while 
depending on the surrounding context. 
This increases the contra.st, making the 
picture much sharper (Fig. 4). Another 
technique is to accentuate certain parts 
of the picture with (false) colours For 
example, the astrophysicist may want 
particular regions of the galaxy marked 
out in red 

Although it seems to be the most 
natural thing for us to look at a picture 
and recognise the various shapes and 
shades m it, a tremendous amount of 
proce.ssing by the eye and the brain is 
involved in this. 

Pattern recognition tackles this 
problem and is put to as varied applica¬ 
tions as reading cheques, medical di¬ 


agnosis from radiographs and analysis 
of nuclear bubble chamber pictures. 

Process control 

A minicomputer or a microprocessor 
can be made an integral part of an 
instrument to make the instrument 
more powerful and also versatile. Fof 
example, a microcomputer tied to a 
measuring instrument can take mea¬ 
surements automatically according to a 
prescribed schedule, correct for errors 
in the measuring device, process the 
information obtained and finally dis¬ 
play them on a .screen or print them 
out. By making changes m the prog¬ 
ram. the .same instrument can be used 
for altogether different types of mea- 
.surements. With the low price of mic- 
roproces.sors — 8 bit chips are placed 
below $1(J—there is no reason for not 
using them. 

Such considerations have led to the 
use of computers in process control. 
The fundamental quantity in the.se 
applications is an event This being 
somewhat a novel concept, we illus¬ 
trate with an example. Consider the 
operation of an automatic lift. The litt 
has to manage calls to it by people trom 
various floors as well as from pas.sen- 
gers inside tlic lift, and in accordance 
with Its current direction of movement 
decide the correct order in which to 
take the calls. Another detail to be 
taken care of is the opening and closing 
of doors 

Ever\' time someone interacts with 
the lift, an event takes place and is 
recorded The lift's future operation is 
based on these events Some events 
may require real time action: for exam¬ 
ple. pressing the emergency stop 
button should result m an immedlati 
halt and opening of doors (and also 
ring an alarm) Such event-based ac¬ 
tion IS typical of proce.s.s control appli¬ 
cations. 

It might seem that this would hardly 
require a computer. But suppose you 
have more than one lift, and all the lifts 
are required to operate in the most 
energy-efticient manner! This vividly 
demonstrates the flexibility underlying 
a programmed controller—it can tqck- 
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We are living through an information revolution that 
will have far reaching consequences on our lives 



Fig. S Openthn of two lifts—microprocessor controlled 


le new situations and can be made as 
sophisticated as required. 

(Surprisingly enough, computer sci¬ 
ence has benefited from lifts a.s well. 
The '‘elevator algorithm'' is also used to 
operate many disk heads that are read¬ 
ing and writing on a disk.) 

The Information revolution 

We have looked at computers from 
two different angles: their historical^ 


development and their various applica¬ 
tions. It is now appropriate to look at 
them in a more global context. 

It IS almost alway.s the case that a 
new invention is built for a specific 
purpose at an enormous cost, and only 
a specialist can use it. Rut if the 
invention is truly versatile, its u.se 
spreads and it becomes general- 
purpose. cheap and easy to use. The 
clock, for instance, was originally de¬ 


veloped for sailors and navigators. But 
the convenience of knowing the time of 
day accurately was so attractive that it 
was soon catering to more general use. 
The electric motor is another outstand¬ 
ing example. 

The same is the story with the 
computer. At first, it moved from being 
a research tool to a developmental one. 
The next step, of course, was produc¬ 
tion, but that required the tool to be 
economical. The development of the 
microcomputer, and more so, of the 
microprocessor made such economy- 
po.ssible. 

Today personal computers (or PCs as 
they are popularly called) are making 
their presence felt in almost all areas of 
life—business, science, education apd 
home. 

Most of the home computers, 
though being u^ed mainly for recrea¬ 
tional purposes, could also serve as 
word processors, educational aids and 
personal accounting tools. Their more 
novel applications include electronic 
mail and information directories. 

PCs are a new phenomenon, and it is 
somewhat premature to judge their 
impact yet. But one thing is quite 
certain* we are living through an infor¬ 
mation revolution that will have far- 
reaching consequences on our lives. 

□ 
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Agrawal Classes 

announces the commencement 
of admission for its Correspondence Course 

for the LIT. JEE 1985 
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R S. Sundaresh • 

N Anand 

G Ramesh* 

S Sudarshan 

Atrl Indiresan 

Nita Goyal * 

Madras 

Madras 

Cfiandigarh 

Madras 

Madras 

Bhilai 

Fliet In INDIA 

Second in INDIA 

Third In INDIA 

Fourth In INDIA 

Fifth In INDIA 

Sixth In INDIA 


Let our past results be a measure 
of our future success! 

At the l.l.T. JEE 1983 
of all the candidates 
selected had undergone out coaching! 

79 out of the first All India 100 Ranks were 
bagged by our students! 

14 of them shown here within the first 15 I 

We are proud of our students Indeed. 
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Amitabh Agrawal Sumit Ganguly 

New Delhi Bhopal 

Seventh In INDIA Eighth In INDIA 






G Ramalingam 
Madras 

Ninth In INDIA 


Dinesh Verma • SandeepSinghal* Ashish Gupta AmitS Singhi MT Raghunath 

Dhanbad Kanpur Allahabad Bombay Madras 

Tenth In INDIA Eleventh In INDIA Twelfth In INDIA llilitecnth In INDIA Fifteenth In INDIA 


* Students who topped the South, North (D),West. East and North (K) zones respectively 


Admissions for the 1985 course have started. 
Requests must be accompanied by a 
xerox copy of the Std x (Board) marksheet. 

#^or the 1986 course write to us in January 1985 


p^Agrawral Classes 

Correspondence Division 

202, Prasad Chambers, Bombay 400 004. 
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YOU TOO CAN DO IT 
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RINGING TONE SYNTHESISER 



A t the Broadway theatre. New York, in 
the US, onf of the prebti^ious ‘Tunv 
Awards' was bag^ted by an electr()nic.s en¬ 
gineer who profjrammed coniputeri.sed 
Itlgit-efTects for a famous plav ‘Amadeus' 
This shows that stage craft has now been 
developed into a very sophisticated techni¬ 
que where modern t(M)Is such as microp< 
rocessors and computers have made their 
impact. 

In many modern plays, the telephone has 
become a common feature on the stage. 
The amateur as well as professional perfor¬ 
mers usually depend on the electrical or 
mechanical bell for creating the effect of 
incoming calls on the stage Apart from the 
fact that this method fails to create an 
impression of the authentic sound of the 
teleptione bell, the little lapse on the part of 
the technician handling the bell can lead to 
an embarrassing situation such as, for 
example, the continuous ringing of the bell 
even after the hand-set of the telephone is 
lifted. The circuit described here enables 
one to create the genuine effect of the 
telephone ringing as well as help.s avoid any 
possible lapses. The set-up can also he 
useful in television and cine-studios 

Circuit and its operation 

The step-down transformer has two 
secondary windings, one for fi(i-8(lV \c 
supply for the bcll-coil. and the other for 
12V full-wave rectified oc. supply (.shown in 
Fig. I) The 1C j IS a voltage regulatoi and 
provides +5V suppiv !o K’l and ICj The 
-♦-12V supply IS u.sed tor relavs KL, and RLj 
Fig. 2 indicates the timing cycle for the 
nng-tone in a telephone This tvcle i.s 

I 


generated in the iinuit by using dual 
timeis Il'i and ICj, whkh provide tour 
timer-hluiks for generating (ime delays T|, 
T.. T, and Tj In a given tonfigiiration ot 


PRx and C\. lhe.se time delays aie governed 
hv the equation, Tv=-U28 L\ (R^ ♦ PRJ 
where T*. C\ are e.xpres.sed in nanoseconds 
and picofarads, re.spectively. while R, and 
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PR* are in kilo-ohms. The time delays T| 
and T 2 are realised in 1C], and Ti and T 4 in 
IC 2 . Timer-blocks for time delays T| to T 4 . 
can be designated as ti to respectively. 
The output of t| drives the trigger input of 
t^. the output of which drives, in turn, the 
trigger input of l^. This continues till the 
Icm is completed by triggering the input of 
ti\y the output of 14 . The telephone bell 
rings during delays T| and Ti only. Hence, 
the outputs of t| and t.i are OK'ed by using 
two diodes, which energise relay RL| via Q]. 
In this condition, if KL-jh contacts are also 
closed the 60-80V AC will be connected to 
(he bell-coil during Tj and Tj. This can,be 
done by pressing the pu.sh-hutton (Pii 
situated oft the stage) which latches KL> via 
RL>it, provided that iis contacts are closed 
(that IS. the hand-.set is on the cradle). Once 
the relay RL> is latched, the telephone bell 
starts ringing as dictated hy the sequence- 
generator, through KL]a contacts. The 
/ringing tone sequence continues till the 
^hand set is lifted (that is. Ms contacts are 
opened and RLj unlatched) The selling of 
the time delays Tj, T>. T^ and T* in a cycle 
can be done by pre.scttmg the potentio 
meters PR], PRj. PR^ and PR 4 respectively 
as desired However, the optimum values 
Cor these time delays are given in Kig 2 


BRAIN TEASER 


Who keeps the 
lovebirds? 

A BUILDINO has six apaitments. They 
are numbered trom one to six with the 
odd numbers lying on the southern side of 
the central passage. Mr. Pathak lives in one 
of the apartments and manages the build¬ 
ing. Pets are not allowed, however, five of 
the SIX families are allowed to keep birds 
From the information given below can you 
deduce each family’s apartment number 
and the type of bird owned by each family? 

1) There are no birds acioss Herdias 

2) One family keeps a canary. 

3) The lovebirds live bcK^'een the parrot and 
Bendres. 

4) The parakeet lives across the bluejay and 
immediately next to the Watals. 

5) The Anejas and the Watals live across 
each other. 

t\ Mr. Desai lives on the southern side of 
the building and does not keep a bird. 
7) Mr. Herdia lives to the east of Mr. Watal. 

G* V« Joahi 


The authentic sounding of the telephone bell on 
tlie stage can avoid embarrassing situations such 
as, continuous ringing even after the hand-set of 


the telephone is lifted 

Occasionally, the accidental misplace¬ 
ment of the hand-set on the cradle, after 
receiving a call by an actor on the stage, can 
leave the ms contacts open and can create a 
problem in latching the sequence-generator 



in the subsequent operation through Pii To 
circumvent such accidental situations an 
additional (jLility in the latching circuit is 
incorporated. In case ot such an accident, 
PH IS held (bv an operator) in the ‘pressed’ 
position and the unlatching circuit i.s bypas¬ 
sed. However, in such a case one has to be 
very prompt in releasing ph instantaneously 
when the hand set is lifted by a character on 
the stage, ittherwi.se. the telephone hell will 
continue to ring even after the hand-set is 
lifted. 

The cost of the components (excluding 



Solution to March teaser 


The colour of the sticker 

Let the total number of posters be 4N. As 
is evident from the problem, each son 
received N posters, and also that N leaves 
remainders 3. 4, and 7 when divided hy 
11, 17. 27 and 32 respectively. 

It is convenien* to use the congruence 
notation, which m brief is 

(mod C), that is, A leaves remainder B 
when divided by C 
Hence. 

NS3 (mod 11 ), 

Na4 (mod 17), 

NBS (mod 27) and 
N«7 (mod 32). 


the telephone instrument) works out to be 
approximately Rs. 170. The telephone in¬ 
strument can be purchased in an old 
market. 

You will need: 

Transformer: Pri. 230V AC; Sec. 1-60-80V 
Ac; 500 mA. Sec. 2-9.0-9V. 500 mA 
Semiconductors: IC]. IC2-74123; JCj-7805; 
Q,-CL 100: D,-D4-1N40003. 

Capacitors. C, & Cj-47 F, 12V; C 2 -IO F, 
12V. C4-IOO F. 12V: CvlOO F. 16V; Cc-lOOO 
F. 16V: C7 O .33 F,12V; Ch- 0.1 F, 12V. 
Preset-pots: PR, & PRrlOK, Va W; PRj-lK. 
*‘4 W: PR4.22K. Va W. 

Rescstors R,. Rj lSK. '/4 W; R 2 R 4 - 33 K, W 
W. Hs-2.2K. W 

Relays. RL,-I)C 12V. 1 C/0. RLj-DC 12V, 2 
C/0. 

Misc: PR-Push button, push to close; SW|- 
Toggle switch. SPST 2A, 250V: Fi-Fuse, lA, 
with Holder; Telephone in.strument, with 
standard bell-coil (I.IK resistance), and a 
set of change-over contacts operated by 
hand-set. > 

VInay B. Patanlcir 
N. W. Pandit 

.Vr Mankar is an engineer from Hyderabad. 

i*andit IS a SaenUst with the Centre hr 
< etliilar and Molecular Biology. Hyderabad. 


Upon using the popular high-school 
‘Chinese Remainder Theorem', we have 

N3i7.27.32a-Pll.27.32b+11.17.32c+ 
II.J7.27d (mod 11 17.27.32).. (I) 
where the natural numbers a. b. c and d are 
determined from the following congru¬ 
ences: 

17.27.32a®3 (mod 11). 11 27..32hs4 (mod 
17) 

11.17 32c=5 (mod 27). ll.J7 27ds7 (mod 
32) 

A simple check on these four congruences 
will reveal, a-1, b“4. c-13, and d=31. 
Substituting the.se values in (I), we get 
N^I7 27.32.l-i-Jl 27 32 4 + 11 17.32.13 + 
11 17.27.31 
(mod 11 17 27 32) 

si46«8-t 3801b+77792 +156519 (mod 

161568) 

S125447 (mod 161568) 

Since 4N is less than 10 lakhs, we have 
125447 

Hence, the total number of posters is 4N 
=4.125447- 501788. □ 
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ULTRA-PURE ELECTRONIC 
GRADE MATERIALS 

Special Materials Plant, Nuclear Fuel Complex 

Hyderabad 


The Special Materials Plant went into 

Antimony 

99.999% 

operation in 1972. It produces a number 

Arsenic 

99.999% 

of electronic grade uitrapure materials 

Bismuth 

99.999% 

listed along side which are being 

Cadmium 

99 999% 

supplied regularly to some of the leading 

Gold 

99.999% 

component manufacturers in the country. 

Gold potassium cyanide 


Besides supplying to the indigenous 

(68% gold) 

99.994-% 

consumers, SMP has exported high 

Indium 

99.999% 

purity indium to West Germany. The 

Lead 

99.999% 

value of the materials supplied to the 

Magnesium shots 

99.99% 

Indian electronics industry so far runs 

Selenium 

99.999% 

into a few crores of Rupees. 

Silver 

• 99.999% 


Tellurium 

99.999% 


Tin 

99.999% 


Zinc 

99.999% 


Potassium Tantalum fluoride 

99.9% 


Tantalum pentoxide 

99.9% 

Trade enquiries to' 

Manager, 

Tantalum |x>wder 

Capacitor grade, 
metallurgical gr. 

Special Materials Plant, 

Tantalum sheet, rod,wire, heater, 

Nuclear Fuel Complex, 

shields, crucible and other 

As per order 

Moula All, 

fabricated shapes 


Hyderabad-500 762 [AP], 

Sodium Iodide 

Optical grade 

Phone No. 852350 Ext. 247 

Niobium pentoxide 

99.9% 

Telex No. 155 304 

Zirconium & Titanium metal 


CABLE: “NUCFUEL” HYD 

powder and hydride 

Micron size 


N 
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Continued from page 28 


A • Regeneration —B: It is the de¬ 
velopment of a tissue or a part of a 
living body to replace a similar struc¬ 
ture that has been damaged or des¬ 
troyed. 

. A conspicuous degree of regenera¬ 
tion is possible in some of the simpler 
animals, including sponges, coelen- 
terateSp and woims. When cut into 
pieces, the fragments undergo a reor¬ 
ganisation of their materials to form 
complete individuals of smaller sizes 
Salamanders, which closely resem¬ 
ble the lizards, are capable of replac¬ 
ing their tails after loosing it to their 
enemies. (See the science fiction 
story “The Salamander Factor” m 
SCIKNCE lODAY. April 198*1.) 


c## Realgar—C' A mineral of Arse¬ 
nic mainly in the form of a sulphide. 
A red to orange mineral crystallising 
in the monoclinic system, having a 
resinous lustre and found in short, 
vertical, .stiiated crystals: specific 
gravity is 3.48, and hardne.ss is 1.5-2 
on Mohs .scale. Als»> known as red 
arsenic, red orpiment, and .sandarc. 


Relaxin—A: A hormone found 
m the serum of humans and certain 
other animals during pregnancy, 
probably acting with proge.sterone 
and oestrogen, it causes relaxation of 
pelvic ligaments 


Regression—C' Chven two random variables, regre.ssion funclion.s as the 
measure of the mean expectation of one relative to the other. Suppose a variate 
y IS distributed in .some form at each of several values o( x. then a functional 
relation y=f(x). is said to be a regression equation of y on x The graphical 
profile of this relationship determined from the experimental data is called the 
line of regression In p.syc*tK)logy. regression refers to a mental slate or a 
respon.se to a difficult and unplea.sant situation in a way no longer appropriate 
to the age and social slatu.s of the individual concerned. 


Renal—B: An adjective refer' 
ring to kidney: for example the renal 
corpu.scle is a structural unit of the 
kidney The renal artery is a branch of 
the abdominal or ventral arter\’ sup¬ 
plying blood to the Kidneys in verte¬ 
brates. The word is derived from the * 
Latin renes meaning kidneys, where¬ 
as the prefix re In .some of the words 
featured refers to again, return t>r 
back. 


Reamer—C. A tool used to 
enlatge, shape, smooth or olherwi.se 
finish a hole 

Two-lipped twist and straight fluted 
drills aie sati.sfactorv’ agents U>r origi 
nating holes, but if a cored hole is lo 
be finished or it drilled hole is l(» be 
enlarged, two lips do iml provide 
sufficient .support foi the bodv of the 
drill and an iiregular. nMn-evlindrical 
hole will result For this reamers have 
to be used. 


9m Rectilinear -C: Consisting of or 
bounded by lines. 


10. Refractory-A. Refers to 
heat-resistant properties of materials 
which resi.st change of shape, weight 
or physical properlie.s at high temper¬ 
atures. These refractory materials 
chiefly u.sed are tiieclay. silica, kaolin, 
diaspoie. alumina and silica carbide. 

The term al.so generally de.scribes 
resistance lo a pailKular treatment. 


The Winner 

W E a.sked vou to show us the full scoj^ 
of vour knowledge of 'scopes? for ourv 
quiz of March 1984. And we got quite‘ft ; 
scenario of scopes—though admittedly \ 
not a.s targe as the re.spnn.se to our request 
on meters* We hope Joy M. P. of Elanoor< 
Kerala will be ovvrjoyed at being declared;^ 
viMnner with his meticulous compilatKm^ 
He de.sen*es special congratulations for Iwf 
had also .sent a sizable essav on meters. 


Win a prize! 

F UK this months quiz. Inst find the 
odd man »»ul Irnm amung the ten 
terms given bv us Then we wnuld like yoU ’ 
to give us detiiiled esplanalions on Che 
following .si\ liirns' ke.soiuuKe. Kecom- 
hinunt, Kep<il. keilocelc and 

Ret loculi 1 1,1 .Send iis \oui mines hv 5 
JuK 198i Mapp\ M-seaKlimg' 


^m Reagin—B. An antibody which 
occurs in human atopic allergy such 
as hay fever and asthma and which 
readily sensitise.s the skin. When an 
antigen reacts with a specific antibody 
bound to mast cells, it leads to 
degranulation of the mast cells and 
release of vascoactive amines. These 
antibodies are termed reagins. 


8m Rece.s$tve B A gene that i.s not expics.'-cd wlun Iheie is a dominant 
allele present 

In homo/.vgous conditions, (hat i.s when both Ifu* alleles piesenl are similar 
and rece.ssive, Itien il is e.xpre.s.sed. \ ver>‘ lamous exe.rnple of a rec essive gene is 
the one responsible foi causing haemophilia It i.s a sex linked churailer and is 
located on the x-chromosomes In the female both the .sex chrrimo.somes are x, 
the other allele being vlommant. thi.s remains unexpre.ssed .So the woman is 
only a carrier. In males it is expressed because there i.s no dominant paitner to 
suppress it 





l^onfylive oiice...doit in style 




An Appropriate Technology Monthly 

SCIENCE FOR VILLAGES 


A Bridge Between Science Labs and Mudhuts 


A magazine devoted to the propagation of new technologies evolved 
in the science laboratories both national and international. 

A few technologies covered in the past issues are : 


Mud Refrigerator 
Cheapest Biogas Plant 
Smokeless Mud Stove (Chulha) 
The Rural Bicycle Ambulance 
Seeds to Purify Water 
A Solar Besket 

ANNUAL SUBSCRIPTION 

IndividudI - Rs 15/- 
Institution- Rs 25/- 


Wind Mills 
Pesticides-how safe^ 
Fuel from Rice Husk 
A Special Section on 
Science. Tech for 
Rural Women 

ADDRESS 

Science for Villages 
Megan Sangrahalaya. WAROHA 442001 
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STUDENTS 

WE^VE BEEN THINKING 
ABOUT YOU 


Be on the ball. Buy SPAN 

A whole year's subscription to SPAN 
for just Rs. 18. Saves you Rs. JO 
on the newsstand price for 12 issues. 

You get the best of good reading 
every month along with this exciting 
gift offer 



SPAN 

( overs important developments in 
science, medicine, electronics, 
business, politics, literature, films 
drama and art. 

Presents sporty humour and 
lifestyles of vibrant Ameiu ans ancf 
Indiaris 

Ofteis exc iting illustrations in full 
colour and blac k and white that • 
can broaden your view of the 
world and what is happening in it. 

Engages in dialogue* on the id(*as 
C3t oui times' 



8P4NORDER FORM.. 

Mail this f)rder torm today with lemifiarue to 

SPANMdga/ine Subscription Service 
Post Box No 21 i. New Delhi-110 001 

Please send me SPAN lor 1 year at spec lal 

rate of Ks 18/- and my gift No m oi m (Ink yuiji i lidic i‘l 


Pcjstdl Order/M O receipt enclosed 
(Please wiite in Bloc k letleis) 


If you love reading 
you'll love reading 

SPAN 

The American 
Magazine for India 


Name — 
Address* - 


Name of Universiiy/C-ollege/lristituiion 


Age 


Signature - - 

flalc^ - 
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Resistors from the Keltron supermarket: 


KELTRON 
CO MPONE NTS 

THE 

ELECTRONICS 

SUPERMARKET 


There s a lot more lo thorn than the 
metal film coating A high Ougree of 
vacuum e>tra proloctioii dgaiiis* 
climates, lead pulling and hi'ih voltage 
tests, high stability and low 
temperature coefficients computer 
control of gases and power lor .strict 
adherence to specifications, metal and 
carbon film resistors m W and V W 

___ ___ _ _ . power 

Regd Office □ Kerala Slate Electronics beveiopment Corporation Ltd . Keliron House, Vellnvambalam Frivandrurn O'lS orj 1 Toi brjfi^l 
Telex 0884-273 KEOC IN Telegram ELECTRONIC 

Branch Offices □ 102-A PoonamChambers. Or Annie Besant Road. Worn, Bombay 400 018 Talephonu 89345/ 39/448 telex OH 
5139 Telegram KELTRONBOM □ 75-C Park Street, Cateulla 700 016 Telephone 245654, 213200 Telex 021 220/telegram 
THYRISTORfJSudarshanBuilding. 66,ChamiersRoad, Madras600 018 Telephone 442310Telex 041 7632 Telegram KELMADt'J 
Hemkunt Towers, 2nd floor, Nehru Place. New Delhi 110 019 Telephone 644692. 648493 Telex 031-3774 Telegram KEI IRON □ 
Centenary Building, 28. M.G Road. Bangalore 560 001 Telephone 564492, 564526 Telex 0845-746 Telegram KELTRON 13 Syrian 
ChurohRoBd,Ne8rSpenoerdunction,Trlvandrum695010 Telephone.60241 Telex 0864-263Telegram ELECTRONIC□3-4-492.First 
||||pr,t.P6i1(ilKi|Mfai Hydanibad 500 027 Telephone . 6 3786 Teleoram . KELTRON □ 67, PrUamnaoar. Mar^ iijg^gail^liis^rt^^ 





TELL US 


... how does one 
WALK IN SPACE 



T he us astronaut E)tucc McCandless 
became the first human satellite on 
earth when he leapt out of space shuttle 
Challenger on February 7, IMM. Earlier loo 
astronauts had walked in .ipace. but only 
with a life lin** attached to the space cratt. 
Astonishingly. McCandless orbited the 
earth floating in free space without anv life 
line attaching him to the space craft. 

This miraculous act imtethereu space 
walk—was made possible through an inge¬ 
nious high technolog.v device called "jet 
propulsion hackpack” Using this backpack, 
the astronauts could go a.s lar as 45 metres 
away from the parent cialt Chiillenger. 

The let propulsion backpack, a 10 million 
US dollar device makes it possible tf» propel 
oneself in space Also called “Manned Man¬ 
oeuvring Unit «MMi » the package is a mini 
space-craft, so to say. The principle on 
which It works is c|uite simple when a jet 
of gas IS ejected from an object it tends to 
move in the opposite direction -Newton s 
third law. The design of the unit is quite 
complex; but one can learn to opeiaie it in a 
matter of a day's training. 


The backpack is powered by 24 nitrogen 
thrusters each with a thrust of less than a 
kg. These are situated all around the unit 
making it possible to move in any desired 
direction. The mechanisms are so precise 
that the unit can be manoeuvred to within 
inches from objects in space -such as a 
moving satellite 

The MMi' weighs about 150 kg and with an 
astronaut and his life suppor,t system it will 
have a nrass of about 300 kg. Due to 
weightlessness in space even a small thrust 
IS enough to make sufficient movement 
However, we should remember ^hat when 
an astronaut walks out ol 'he space cratt he 
will he flying heside it at about 2>{,000 km 
per hour, the same speed as the shuttle at 
an altitude of nearly 250 km 

The .MMi- IS flown using tvi'cj hand control¬ 
lers mounted on structural arms. The right 
hand controller is used to command alti¬ 
tude, changes in yaw. pitch and roll around 
a fixed point, the left hand controller is used 
for commanding thruster firings to move 
fiom point to point. It is pushed in to move 
forward and pulled out to go backwards. 


The nitrogen for propulsion is filled in 
two 25 X 75 ems tanks each with 6 kg of 
nitrogen at nearly 200 times the atmos¬ 
pheric pressure. For redundancy, the sys¬ 
tem IS divided into 12 thrusters operating 
on gas from one tank and the other 12 from 
the second. Even if one system fails, the 
M.MU can be safely manipulated using the 
other. For moving from one point ^ to 
another, four of the thrusters are normally 
fired while two thrusters are fired for 
altitude changes when the astronaut desires 
to pitch forward or backward. 

The astronaut does not have to command 
a particular thruster or thrusters. Prom the 
hand controlled input—light pre.ssing of 
buttons—the electronics will choose the 
correct thrusters for the desired movement. 
The jets will fire as long as the hand 
controllers are pushed. One can fire just fur 
a fraction of a second for precise man¬ 
oeuvring. 

The unit gets its power from two silver- 
zinc batteries with separate primary andv 
back up strings for the electronics. The 
batteries can be replaced with ease by the 
astronaut and the nitrogen gas can be 
recharged within about ten minutes by 
attaching a hose to the M.Mr from the 
support station. With a full charge of the 
gas cylinders an astronaut could operate in 
free space for about 2 to 4 hours depending 
on the complexities of manoeuvring. 

There are three gyros in the manoeuvr¬ 
ing unit for maintaining the mmi's altitude 
in free space which, working in connection 
with the propulsion system reduces nit¬ 
rogen propellant consumption. McCandless 
took about 12 minutes to have a 'long' flight > 
of 50 metres from the Challenger. The ease 
with which this is achieved can be seen 
from the tact that when McCandless and 
Stewart were performing a space walk 
together, they were quite relaxed, joked a 
lot and did a few somersault for the fun of 
It. At one stage McCandless retrieved a 
metal foot restraint that got drifted away 
while practising “satellite repair techni¬ 
ques". Quipped McCandless. “we not only 
deliver, hut we also pick up". 

In the not distant future, a number of 
astronauts with m.vii;s will be floating in 
space building space colonies for prolonged 
periods of stay. 

V. S. Venkatavmdm 


Dr Venkatavaradan is Dinfi'tor Nehru Planetar’ 
turn £ Discovery of India Project Nehru Centre, 
Bombay. 
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Ck)se-up IS for close-ups 

Winter winchs ami rosy cheeks.The best 
way to keep out the cold is to cuddle up 
a little closer. And you’re confident because 
you've used Close-up... 

Transparent, red Close-up’s two super- 
whiteners leave your teeth their whitest and its 
;5pecial mouthwash keeps your breath its freshest. 

So, smile a close-up smile and stay confident, 
because after all. Close-up is for close-ups. 



The Ibochpaste and Mouthwash in One 







serve chilled 
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PothoiQs, housefalfs anin^ 
gasiro to follow... 
















Two years of aerial prospecting of India’s land 
and ocean resources by over 50 aircraft... 

or 

80 years of prospecting on the surface 
by scores of geologists... 


India’s first cosmonaut 

carried out 

in just a few minutes . 

With VEB Carl Zeiss Jena rcftRlzth?| ~| 
Multispectral Cameras. 


... \ 




Yes these very special cameras 
designed and engineered by 
Kombinat VEB Carl Zeiss Jena of the 
Oermon Democratic Republic and 

carried on board Salyijt 7. enabled 
Sqn Ldr Rakosh Sharma to carry out 
his Indio-probes from 300 kms out in 
space 

This was remote sensing of the 
country's land moss and ocean 
precincts The cameras could clearly 
pick out surface objects, of even 
post box si/e and indicate the 
precise height ot anything over 30 
metres 

Now. with VEB Corl Zeiss Jena 

Multispectral Protectors also 
installed in India — to interpret the 
photographs taken by Cosmonaut 
Sharma - Indian experts will be 
enabled to estimate Indio's nver ond 


water resources Facilitate the 
search for underground sources of 
moisture Identify seasonal water 
movements Follow ocean currents 
and reconnoitre phytoplonkton and 
iioopionkton m India's exclusive 
maritime zone, and thus help in 
locating promising areas of fish 
accumulation and breeding And. of 
course, point out the zones yet 
undiscovered, but nch in oil and 
natural gas — onshore and off They 
can even study the pollution both in 
the air and water predict '♦$ effect 
on climate and verjetation. and 
give timely advice on averting or 
minimising the damage 

Time was when merely collecting all 
this priceless data by conventional 
means — aenal photography from 
but a few ttiousand f^ up. or 


prospecting on the land or water 
itself — would hove taken decades 
to cover the entire country and its 
maritime zone, and involved 
hundreds of personnel 

Today, one man does it all — in 
minutes All he needs is a station out 
in space And VEB Carl Zeiss Jeno 
multispectral cameras in front 


Exclusive Rep i c f utatlvi for 
India, liepal,thulan ondSri Lanko. 


cz 

INOiA 


imum mr ltd 

Court Ctiombers 

35. Sir V Thockersey Marg. 

Bombay 400 020. 


C.Z. Indio salutes Squadron Leader Rakasli Shamia, and Isproudtobe 
associated wHh Kombinat VEB Carl Zeiss Jena of ODR 

' Creilive Unit-6912 
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IGHTATTHETOP 

Through BRITISH INSTITUTES 

• URGEST CORRESPORDENCE COLLEGE IN INDIA WITN OVER 4S TEARS’ EXPERTISE 

• HAS HELPED OVER A NIUION AMilTIOUS NEN AND WONEN 

• OFFERS IOR.ORIENTED COURSES WRITTEN NT EXPERTS 


EXAMINATIONS 

CERT. D,N.H. (I.M.C.). D.COM. (Rui. Orf ). D.COM. (■•nkliM). D.COM. 

lAmuntB R I. Tm). D.COM. (CMtlngl, D.COM (Comp. Sac.). A.ds. (Intfio). 
A.I.A.M.. C.A. ENTRANCE. A.M.I.I (INDIA). A.M.I. Moch. E. (INDIA), 
HI.I.I.CHRM.l.. A.M.AB.S.I.. A.S.R. (LONDON). N.R.C. SUPSRVliORS olid 
T. ENTRANCE. 


Wo oro rocofnlMd ot on ofHclol Crolninf contro for Corf. A.I.I.B., 
D.Com. (I.M.C.) mod D.R.H. (I.H.C.) coomlnotlont. 


• ALSO EXPERT COACHIRD FOR BANE PROBATIONARY 
OFFICERS’ EXAM • BANK CLERICAL EXAM • APTITUDE TEST FOR DBM (IMC)EXAM 


ENGINEERING 

MECHANICAL ENCG.. Moch. Drou|ht«maiiihip. CIVIL RNG6.. Ovoraoort (Rldji. 
A Rood!). ARCHITECTURE. TooClIo Todinolofy. TEXTILE MANUPACTURE. 
Computer Profrommlng IBM 140, AUTOCODER PROGRAMMING. Induitrlol 
Engg.. AUTOMOBILE BNGG., Oloiol Engg.. ELECTRICAL ENGG. A ELECTRO¬ 
NICS, Eloctricol Suporviior's, Building Conitructlen. RADIO ENGG.. TRAN¬ 
SISTOR ENGINEERING. Tolovitlon. REPRIGBRATION. Chomlcol Engg.. 
PETROLEUM TECHNOLOGY. Rubber Tech.. INDUSTRIAL CHEMISTRY. 


Tools and KICi supplied for Radio Engg. and Transistor Radio Engg courses 


Our FREE CAREER GUIDE .iii h.ip ..u 

select the right cr... Aa NOW 
Wr/to today, sand coupon, come porsono/fy or colophonc 25*755 

THE BRITISH INSTITUTES 

66/II4. P O. la. lOU. JSf. D. N Rmd, Bomb*. «0M1 


m 




MANAGEMENT 

BUSINESS MANAGEMENT. Sales Monagomont. Marketing Mgt 
Adeortlslng, INDUSTRIAL ADM.. Purchase Mgt^, Materials Mf( 
PERSONNEL MGT.. OIRca Mgt.. Management Accounianc 
BXPORT MGT., )unlor Eaocutlve's. MGT. EXECUTIVE*! 
BUSINESS ADMINISTRATION. Also Eiiecutlve Secralaryship 


COMMERCE 

ACCOUNTANCY. COST ACCOUNTANCY. Bank OIRcar's. 
Income Tsh Practice, Company Secretary's, Salesmanship, 
PERSONAL SECRETARY'S, Shorthand (Pitman). GOOD ENGLISH. 
Collage English, BUSINESS LETTERS. BUSINESS TRAINING, 
Gorman, Prench. Russian, PIctlon Writing, ARTICLE WRITING, 
Reporting, Stage, Radio A T.V. Writing, Writing for Children, 
COMMERCIAL ART, Personality Development. 


THE BRITISH IHSTITUTES. 

66/BI4, P.O. Boa lOlS. ISY, D N Road, Qombay 400021 
Plesie lend me s FREf Proipccius in the SUBJECT 
Name fcduemon 

Addreii 






A NEW METHOD FOR NEW NEEDS 

B.I. LANGUAGES INSTITUTE 

ANNOUNCING A UNIQUE OFFER TO 
I LANGUAGE- LEARNERS-BBC ENGLISH COURSES 

It could be that you have limited time dt your dispose! and tew 
opportunities to ottond classes If so, BBC Courses are designed 
for your benefit A BBC Coui«e takes you to different learning 
sitUHtions and thus cover very much language learning ground. 

Each r ourse, comprising cassettes and bouk8,CDnteine everyining 
you need to learn the English language, to speakdiuently. to 
understand end to feel perfectly at home with native speakeis 

Eiioliah for all lavala - Baumnara. Intarmadiata. 

Advancad and apaciallzad coursas for Exporrara. 

Doetore, Sciantiata A for thoea who aaak loba VW 

Abroad 

Also aval labia V 

Garman. Franch. Rueeian. Spanish or any other 
foreign languagaa. Audio Active English A Hindi 
Couraaa Write for details 

Wfflm today, tond coupon ot eomo porsonoHy or lefcphonH / 

B.I. LANGUAGES INSTITUTE (. 

66/F14 U( 0 P.>nl Bide Fior« Founisin 359 0 N Road BombMV 40U 023 \ 

Dsmonsiialion 1 rniTM •! I3‘1A Govi riara laii Calculi* 700 09*1 
13 ONiyagani Bah nd rmploymani Eachanes Nsw Oalhi 1 10003 

fsi. UNGUACislNSfiTUTE 

|5e/Fl4 UCO Bank Bldg Floia FAuniain 359 D N Road Bombay 400 023 



SPEND YOUR LEISURE HOURS 
TO LEARN & EARN AS YOU LIKE 

ICS .THE OLDEST CORRESPONDENCE SCHOOL.PROVIDES 
SPECIALISED COURSES IN practical photography. 

Drassmaknig, Patcarn Cutting A Designing, Interior Decoration. 

Proa Lance fouinalism. Short Story Writing, T V. Script Writing. 

OH Pointing, Find Art, Commerciel Art, 

Cartooning, Weter Colour Painting, 

Portrait Painting, Poult, y Veeping, 

Beauty Cere A Personality, 

Etiquette A Entertaining, 

Flower Arrangement, Gardening, 1 

Good English, Prench, German, 1 

Accounting A Auditing, JjfiJHiMpMlU^ 

Private Secretary's, ^ 

Storekeeping, 

Public Relations, vA 

Hotel A Catering Mgt.. 

Industrial Mgt. i 

Auslness / mjk 

Sales 

General Management, / Jr 

Electrical, f 

CM**!******' jP 

ElectroiScs. *■> 

Plastic Technology, M ^ 

Cotton Carding 


■em 


PleaM send me a FREE Prospaciui tor 


tspeGify language) 


Wrica today, land coupon, coma portonaNy or tefaphona 25*755 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

56.DU, UCO Bank Bldg., Hutatma Ckowk, P O Box 1911, Bombay 400 023 

riNmN»7ioNSrco«(!5?ONoiN5”cHboL5*""‘*““'" 

gSS'DU.UCO Bank Bldg.,HutetmeChowk. P O Box 1911. Bombay 400023 
I Please send me a FREE Proipectui m the SUBJECT 

I Name rducaiion 

g Addreii 
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COMPUTER CALL 



AOMISSIUN 
NOriFICATION ^ 


JOB ORIENTED DIPLOMA 
COMPUTER COURSES 


HtftdOffiM' 

B D P S I TI 

103, Hind Rai«Bth«n Oldp 
Oadaaahab Phalka Road 
Oadar Fast 
BOMBAY-400 014 
Tal No 44842? 

BOPS ITI 

Krishna Cinarna Building 
18I Floor, Shivoji Chowlc 

KALVAN-421 301 

BOPS I ri 

Alankai Cinoma Buildmq 
Nnar Railway Station 
POONA-411 001 
BOPS ITI 
Mathura 
Wnwr^v Lanf* 

Shivaji Rood 

NA8IK 422001 

BOPS ITI 

Dhanwaioy A^hiarn 

Msiviya Ro.id 

Sitabiildi 

NAGPUR 12 

BDPS ITI 

Or Ban^od’i Compound 

Ibt Floor, Maltnkdi Road 

Nnar Cnnfral Ru<s Station 

AMRAVAT1 

BOPS ITI 

Ganta Niwas 

Rtiiiirkar Building 

Maidiiii Add 

AHMEDNAQAR 

BDPS ITI 

24 A, Woods Road 

Ufip Madrasa Allam 

MADRAS-000 002 

To! No 011?7b 

B D P b 11 I 

No 7 PatTali'r'irriii Pillai 

btrppt 

Tonnur 

TRICHI 820 017 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 

Advanced Computer Programming 


Cobol Programming 


Basic Programming 


Fortran Programming 


Pascal Programming 


Data Base Management 


Word Processing 


Consoie Operations 


Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. 

We have Overseas Recruitment Division, 
registered by the Govt, of India. , ^, 

•*" — ~ — — - — - — - - - — . . ■ ■ 3 ,jl F-iQor, Owfl 

Successful candidates will be short listed for 

tan Dido ■ ... IMAROAON-C 

(.roki possible appointments in big organisations. 

MM ” n r MolqiJiedos Bi 

JOn BDPS BECAUSE BDPS B THE BEST 



P cOiViAcr 

I B.D.P.S. FOR f iJRJHLR DFTA/LS 

■ — BUREAU OF DATA 

PROCFSSII\IG SYSTEMS 


BOPS ITI 

BDPS ITI 

BDPS ITI 

First Floor 

No a Victoria Road 

Above New Uilyaya Cafe 

746, Naicher N»*w Stiiiut 

Near Head Post Offn e 

Nfiar Sourdj Citr le 

MADURAI 

TUTICORIN 

Railway Station Road 

BDPS ITI 

(T Niidu ) 

Robertsoripat 

1st Floor, R S Binliiing 

HOPS Ml 

KOLAR GOLD FIELDS 

141 Rangai Guwdur Street 

B9 Gandhiyadigrit bl 

BDPS 17 1 

COIMBATORE 841001 

KUMBAKONAM - 812 001 

Dinkor Buildmq 

BDPS IT' 

BDPS ITI 

Vidya Nagar 

81 ChciryPriuit 

1^/. KdrndK.hi Ainmaii Koii 

Main Ruad 1 

Opp P W D OMk 0 

St 

HUBLI-580 021 

Near Ro&ervn Li.nr 

Opposite Konrlun 

OOPS in 

KuniarR^arnypBTly 

PONDICHERRY - 605 001 

Shivayan 

SALEM 636 007 

BDPS Ml 

Opp Luiqrai CuMuyr 

BDPS Ml 

2? bih Cross HooiJ 

C'liipgo Road 

No 1? Isl Fluor 

Gdridli> 1 iq.ir 

BELGAUM-590001 

Smith Car Streut 

BANQALORF 600009 

BOPS ITI 

TiruiiMiveU' Town 

TpI No 26414 

Bhiirnt Building 

TlRUNELVELLI-627 008 

UDPS ITI 

Hoorn No 40, 3rd Floor 

ITI 

2S, dill Ma'P, 3rd Bull k 

K S Rao Cross Road 

No 1, A Pi'niiTilurui Riiad 

Jayanagar 

MANGALORE'575 001 

Opp Sathy 1 Mom thy 

BANGALORE 500011 

BDPS ITI 

HuipiToi 

BOPS in 

09, Brahmui Street 

NowHuvi Thudlie 

873 NifraydUd Sashn Rri 

Above Arvind Gen Agencies 

ERODE 638008 

Opp Mahadeiwara loni|.ie 

BELLARY 588101 

BDPS Ml 

MYSORE-B'lO 004. 

ITI 

No 12 East Cross Rodri 


4ih Floor, Veliho Bldq 

Gandhi Naqdr 


Near Municipal Garden 

VELLORE-832 000 


PANJIM-GOA 

a Nddu 1 




ITI 

3rd Floor, Owaraka Bldg 
Near Cine Lato 

MAROAON-GOA 

403801 

ITI 

MoloiJiedos Building 
Behind Judicial Court 

VASCO-DA-GAMA - GOA 

ITI 

Shankar Building 
Below Poorniina Lodge 
Ansa Bhait 
MAPU8A - GOA 
BOPS ITI 
Parvdihi Mandirarn 
Naar Dairy Farm 
Pattom 

TRIVANDRUM-085 004 

Tel no 6b651 
BDPS ITI 
10 4t5E 

Moideon Pelli Road 
NearCorp Bus Stand 
CALICUT 073 001 
BDPS ITI 
38 BO. Convent Road 
Near Convani Junction 
Ernakulam 
COCHIN-882011 
BDPS ITI 
3rd Fluor 

338, Chandraluk Building 
Office Coniplox S D Road 
SECUNDERABAD - 500 003 
BOPS ITI 
17 3 234, Sunnappa bl 
7nd Floor 

TmUPATl-B17l01. 

BDPSin 

3rd Floor, Above Ovna Bank 
0|ip M S 11niversitv 
BARODA 390005 
BDPS ITI 
Co St Xavier's Enghah 
High School 
Khaimahal. Tatanagar 
JAMSHEDPUR. 
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are silhpljr lio tricks to 

miimm 



The trouble with most memory 
systems is that they try to tram 
your memory without removing 
the mental 'road blocks', without 
activating its inherent power, 
without giving it a chance to 
come into its own. The result 
usually IS disaster... no real gam 
beyond (perhaps) a bag of 
memory tricks for after-dinner 
entertainment 

INSTA-MEMORY is Permanent 
Memory. Because Insta-Memory 
does not give you awkward and 
troublesome memorization 
gimmicks. Instead, you'll learn 
the Extrasensory Instant Recall 
Technique that literally turns your 
memory into a power-packed 
mental magnet. . makes forgetting 
virtually impossible. 

INSTA-MEMORY is Automatic 
Success Power, in just a fq,w 
hours after you master the simple 
Insta-Memory secrets, you'll be 
able to instantly memorize 
20-digit numbers like 
18765439086543214569 and 
recall them effortlessly a month * 
later. Remembering telephone 
numbers and names will be no 
trouble at all, 

INSTA-MEMORY is Effortless 
Memory. Insta-Memory requires 
no energy-draining efforts... 
no memorization .. no word 
associations no key words. . 
no will power.. no positive 
thinking tricks. In fact no 
super-human efforts on your parti 

Institgte of Human Dynamics is a division of 
Business envelopment Asscclates 


INSTA-MEMORY is Rasult- 
oriented Memory. Insta-Memory 
will help you to master... 

• Fool-proof Cure for Forgetting 

• Secrets of Extrasensory Instant 
Automatic Recall 

• Techniques of Automatic Mind 
Search and Memory Scanning 

• Art of Controlled Intuition and 
Mind Storming 

• Ways of Strengthening Powers of 
Observation 

e Craft of Instant Speed Reading 

• Winning 'Exam Secrets’ 

• Public Speaking without 
Nervousness 

e Dynamic Personality and 
Confidence Building 

• Secrets of Extrasensory 
Perception 

Plus, d whole Wide range of tips 
on how to gam greater success, 
prestige, popularity and 
recognition. 


INSTA-MEMORY—a U.S. Best 
Sellar at Ra. 120/-... nawr youra 
far lasa than ^ the ariginal price I 
Thanks to our exclusive association 
with the Now York Institute of 
Personality Development, we are 
now able to offer you INSTA- 
MEMORY at \ the original U. S. 
price ($15) It will cost you no 
more than the pric^of a medium- 
priced briefcase- only Rs 54/- 
(plus Rs. 6/- for postage, packing, 
handling) And you've our 7-day 
Full Satisfaction Guarantee-you 
pay nothing if not absolutely 
delighted I 

Amazing Ttatimony about Inata- 
Memory—straight from U.S.A. 

"I have had tremendous 
improvement in my job—my 
superiors are astounded with my 
super memory."-Mr H D (New York ) 

"After going through your cour.st‘ 

I am a very different person" * 

Miss P.K (Bombay) 

"Insta-Memory has helped me to 
gam a new type of 
self-confidence" 

—Mr S P (Poona) 


■ INSTITUTE 

■ ICCTf) d/305, 
H Laminotori F 

I 
I 
I 

i: 


INSTITUTE OF HUMAN DYNAMICS 
ICCTf) d/305, Navjitf.'in Society, 

Laminotori Road, Bombay 400 OCR 

Yes' Pleas** rusli me your asioundmo INSTA-MEMORY Course by 
V P P I will pay postman Rs b4<- tPlus Rs 6/- tor pacKino and 
postage ) 

I understand il i am a.iyway dissatisfied, I shall lettirn the course 
within 7 days for a full rotund (less packing itnd postage) 


Address 


Signatuie__ 


Rs.54 


POST THIS 
NO-RISK 
COUPON TODAY 


I 

I 

j 
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BANKRECRmTMENT 

PROBATIONARY OFFICERS/CLERtC_ 

"Specialised Training in NSB 
Regular/Correspondence Courses has [proved 
to be the guaranteed to securejobs in 
Banks as Probationary Officers & Clerks.” 

__ -says Editor, Citvlight,Bowibay. 

If you have applied to State Bank of India 
or any Nationalised Bank Boards, for 
PO or Clerical Post Join our Cours^ 



Banking: 

A Rewarding Career: 

Nearlv 2500 Probationary Officers ^ 
are recruited every year by Banks i 
in India This avenue of direct recruitment 
os Probationary 0//icers in BonKs offers a 
promising career for bright young people 
today Any graduate between 21 and 
26 years can apply for the post The ;ob 
brings a handsome remuneration, security 
of service and job satisfaction The work 
content is rich and varied. And, after 
nationalisation, Bank jobs hove acquired o 
neiu sfofus becouse now the Banks have 
taken upon themselves the responsibility 
of building a better India Today, in our 
Banks, our social ideals find a dynamic 
expression Bank jobs, therefore, oftei the 
opportunity and challenge to participate 
in jhaping our country’s future 


Selection on 
Merit through 
Competitive Exams: 

When L-cicunriL'^ of 
Probationary Officers'Clerks 
arc declared at intervals of almost eqery 
three months by one Bank or another, 
large numbers apply for them and appear 
for the intensely competitive exams based 
an general intelligence tests Standards of 
evaluation are most rigorous and impartial 
The percentage of success is lower than 
0 5% In 1979 80, from a total of 5'^^ lakh 
applicants. 2300 were taken as POs by 
Banks Therefore, every single additional 
mark that you can get becomes important 
A prouerdy competent, specialised and 
thorough coaching becomes a MUST 


Our Professional 
Commitment 




We coach in regular 
Courses at Bombay, Pune 
and by POSTAL TUITION 
(broughouf India for objective^^'^ ‘ 
and descriptive test of PO exams 
All subjects -1) Reasoning (verbal, logical, 
non verbal) (2) Quantitative Aptitude 

(3) General Awareness and Current Affairs 

(4) English Comprehension (5) Essays, 
letters, precis-writing-^are covered exhaus¬ 
tively Specialised practice books on all 
subjects covering thousands of typical 
and actual exam questions are supplied 

in the Course These books are not sold 
fo others 


NSB’s Faith in 
Specialisation: 

National School of Bonking,_ 

head-quartered at Bombay, 

was founded a few years ago _ _ 

os a specialised institute providing 
coaching mainly far BANK RECRUITMENT 
exams—of POs and Clerks 
It has grown rapidly and is now the largest 
pre-recruitment training institute in the 
country Our continuous research and 
on going study of objective and descriptive 
exam question papers have contributed 
to our present pre eminence as the central 
institute for BANK RECRUITMENT 
training 




^-.Success Earned is 
Success Deserved: 


We are just a few years old[ 

but our successes have been _ 

noted across the country Help a^ 
recognition have come from everywhere 
and in abundance Te^t after test, 
hundreds of our students join the 20 
Nationalised Banks, State Bank, Associate 
Banks,Lie, GIC, ECGC as Officers 
The subjects, syllabus, pattern of tests 
and examining body (NIBM) for a/f rbosc 
exams are same Naturally we have a 
sing/e common BRPO course for all 
these exams Success oriented students 
join the Course welt in advance of the 
test and benefit by our step-by step and 
exhaustive coaching Admissions are 
open round the year but the numht-r ct 
admissions is limited to the num'T> of 
vacancies declared by Banks 

The entire course materials and books 
are supplied on urgent basis in large 
instalments to those wbose exams 
are scheduled soon. 

JOIN NOW AND PREPARE FOR A 
RICH AND REWARDING CAREER. 

For details of vacancies, application 
forms and our special courses, write 
today with Rs 2/ PO or M O to 




National School 
of Banking 

Telegram. BANKSCHOOL 
Telephone 466280 
Ash Lane (Babrekar Margl.oH 
Gokhale Road.Dadar, Bombay-400 028. 


the only specialised Bank Recruitment institute in the country. 

Join our Bank Recruitment Probationary Officers Course and prepare fully for the forthcominK Nationalised Banks P.O. Exam. 

k 


4 SCIENCE TODAY. JUNE 1984 

. 






■ ■> ■ 



Vol. 18 No. 6 



/ 

Ah! The fains arc here ^ 30 

Can potholes he far 

behind? 

by Vishwas B. Dhekney 

How can we control those “mini-craters" 

which are the bane of the motorist’s life? 


TODHS 



Controversy/ Cononetc 
worse than clay 

by Vithal C. Nadkamt 

When brand new concrete buildings 
begin to tumble down like ninepins, 
something is wrong somewhere 

36 

Are better monsoon 
years ahead? 

by P, K. Misra 

Going by the past trend. India seems to 
be entering a cycle of good monsoon 
years 

44 

The vitamin metal 

by At. A. Nabar 

Continuing our series on “Resources for 
tomorrow": Vanadium steel has brought 
about a virtual revolution in the 
automobile industry' 

24 

Fire! Fire! 
by Bill Alkinson 

To control fire we need to know how it 
behaves 

40 

Cooking a program 

by S. Arun-Kumar, 

R. Chandrasekar, 

Kamal Lodaya. 

Paritosh Pandya and 

R, Ramanujam 

Continuing our series on Computcriand: 
developing a program is comparable to 
cooking pulao 

50 

Harnessing the 
en^mes 

byS. F. D'sotuaand 

G. B. Nadkami 

immobilised enzymes have immediate 
potential in industries and medicine 

57 

Debate/Science City 

Readers respond with their views 

62 

The Martian Chitar 

Science fiction 
by Narayan Dharap 

Starting a two-part condensation of a 
novel that won the National Award for 
Children’s Literature 

64 

Features 


This Worid of Science 

8 

Consulting Room 

22 

R.K. iMxman 


Monsoon maladies 


Close Encounter 

9 

Sucharita Nanivadekar 

27 

27 

Feedback 

10 

Sclentiflcaily Speaking 

Brain Teaser 

Science Shapes Life 

11 

Fun with Maths 

29 

Blurs and Bright Spots 

Mind Wars 

Vithal C. Nadkami 

16 

17 

Round-up of Research 

Youth Forum 

The galactic beacons 

42 

54 

Women and Science 

S. iihalerao 


Potable water—within our 
reach 


Ideas and Inventions 

74 

Cillian Valladares 


Sky Chart 

78 

Parul R. Sheth 


Tell Us. ..why do we feel 

80 

Review 

20 

hungry? 


Bal Phondke 


P. Shanker Rao 
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HAVE you AilY>lldJeC*f" ' 

IN YOUR MIND ? 


034 

RESERVED 
SMALL 
COTTAGE 
E> TINY 

industries 


834 KE SE k \ E l) SM \ I I ( () I I A(.E 
& IIW INDl S I RIE S 


H}' \IRi Huatti 0 / (.on\ui/aHh 

Contains manufacturing details of most 
of the reserved industries, new Govt, 
polices, proorammes. incentives etc. 

■ Price Re. 75.00 ■Pagee 1236 



SMAl l. Ml Dll M & I.\R(;K 
Sf Vl.K INDI STRIKS 


.K. Srivastava ii 7eih | 

•Containing present market position^ I 
■ Process of manufacture, estimated * 
I cost etc.of 162 Industries. • 

aPrie* Rs. M-OO aPagas S2S ! 


SMK rrij RRomAiu K 

HOMl INDliS I RIFS 


Byih.C. Gupta industrial Comullant 

Contains about 200 profitable 
industries Cr need minimum invest¬ 
ment ^ can be started at home. 

■Price Re. 60-00 ■Pages BOO 


SFFI < I FD 
(UlMirAF 


I'ROKI I ABl F 
INDl S I RIFS 



, HylSiHi Board oj C4on\ultant\ 

\ Includes manufacturing processes. 

I technical know how Bt cost estimation 
I of 126 profitable chemical industries 

- ■Price Re. 76-00 ■Pages 671 


SOAR DF I FRl.FM & 
RFRhFMh INDl srR^ 


BylM R Srivii\tavn 

Entails manufacturing details, 
formulations of various types of 
soaps, detergdhts 8 perfumes with 
directory section. 

■ Price Rs: 90-00 ■Pages 636 


HAND HOOK OF 

INDl S I RIAL I HFMIC AFS 


Hl'lS/Hl Unit,I of ( onMilliinis i 

Contains manufacturing processes, 
economic prospect, laboratory testing 
with directory section of 167Industries 

■Price Rs. 175-00 ■Pages 1024 


KLKCIRICAF 

Fl.ECTRONir 

c;oor)S 

iINDl STRIFS 


;IRI OFItRS 

PROJECT FEASIBILITYCUM 
MARKET SURVEY REPORTS 


Paper Cones & Tubes 
• Plywood 

PVC Black Insulation Tapes 
PVC Cables 
PVC Foot Woar 
Ready Made Garments 
Rnfinnd Vaostabln Oil 
Rigid PVC Pips 
Solar Coll 
Stesl Forging 
Steel Pipes & Tubas 
Ro-rolling Mill b 
Bright Bars 
Three Star Hotel 
Vanaspati Ghee Plant 
Welding Electrodes 
Writing b Printing Papar 
Zinc Oxide 



•A.C. Pipes & Fittings • 
•Aluminium Collapsible Tubes • 
•Aluminium Extrusion Plant • 
•Asbestos Corrugated Sheets * 
•Beer • 

• Bleaching Powder • 

•Cassotto Tapes • 

eCast Iron Spun Pipes • 
•Electric Motors • 

•Ethyl Alcohol from Molasses • 
•Farric Alum • 

•Grinding Madia Balls • 

• Hard Gelatine Capsules 

• Nuts. Bolts & Rivets • 

•LPG Cylindtrs • 

•LPG Gas Regulator • 

• Mini Cement Plant • 

• Peinta & Varnishes • 


INDl SI Rl Al ARI’I l( A HONS’ 
OF RHaKMAI 1 F I l< AFS 
DRl A.S Sc I INI ( III MK Al S 


By Ahdur Rahman i 

Indian Survey, manufacturing 
techniques with formulations of 
pharmaceutical Industries.fine chemicals, 
drugs, etc. with technical know how of 
absorbent cotton, bandages etc. 

■Pricg Re. 60-00 ■Pages 360 



DIKE ( I ()R\ OEl 
INDl S I RIE S 
IN INDIA 


By:SlRi Rmrd 
oJ ( omul tan f\ 

Contains 
ONE Lakhs 
addresses of 
all types 

of manufacturers, 
dealers, etc. 
in India 


EACH PROJECT REPORT PREPARED 
USING LATEST AVAILABLE DATAS 
AND COVER CONCISE AND 
(-ACTUAL INfORMATION 


r Market survey covciing present poduction 
future demand etc it Process of manufacture 
r Economic capacit> of the plant 
r Project cost # I i\ed capital 
requirement ic Total capital investment 
' List of machincrv ★ Profitabilitv 
r Sources of procurement tif ra>\ materials 
plant and machinery etc . 

IPrice Rs. 30Cy-onlv for each Project Rsport 
|Wc can also pieparc project repoits on any 
Item of your choice. 


SPECIAL OFFERS! 




th htrfHtk /' mi ; 

Describe complete 
mcinufacturing 
processes, circuit 
diagrams, tota* 
capital mvestmeni 
with directory etc 
Price Rs. 100.00 ■Pages 448 


if 10% disc«Hini on a order of hooks 
iNoi on PROJECT RFPORrS) uoilh Rs. 150/- 
or more 

W LOST FSTIMAIIDN OT lOIH) 
INDUSTKII-S Price Rs. 50/- is F Rt \ 
along siiih lOy,, discount on a order of hooks 
sworih Rs 250j- or more uplo 36day. j 


I Price Re. 250.00 BPagas 1800 


'INDIAN < IIFMK AF 
DIKI I l<)R\ W1 I II 
IMI’OK 1 FRS Sc I \l'OR I FRS 


By SlRl Rnaid oJ (.'nnsultanh 

Contains complete addresses of 
chemical manufacturers, dealers, 
exporters. Importers etc 

■Price Re. lOO.OOBPagas 646 


’^DIRECTORY OK 

IMPORTERS Sc EXPORTE RS 


Ih '</Rl Roatt of (.onutfttinl'^ 

Contains addresses or importers 8 
exporters of various Industrial 
products 

■Price Rs. 200.00 ■Pagaa 536 


[FFEC IRICAF Sc 
I Fi l l I RONK S UlRFl 1 OR\ 


The one volume where you will 
find all the address .... ■Price 
/h V//// Hoard of i.on\ultant^ 150.00 


[M ARK F I SI RV FA ON 
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R & 0 IN COAL MINING, 



particularly in coke, the lifeline of all coal-based industries, seems to have started, 
now in a bigway 

We have played our humble part in this 

The major part has, however, been played by the Coal India Chief and his 
lieutenants. Kudos to them, and our thanks, for the initiative they have taken in 
helping our individual R & D efforts over the years. 

From Jharia Zero seam semi-coking coal [not with blending; not with 
“Golden Jeenagora" (now south Tisra) prime coking coal, feeding a BCCL 
cokery]. We make coke of 20/22 p.c. ash; 1.2 p.c. mofature; 0.4 p.c. VM; rest 
Fixed Carbon. Hardness: 

micum M40 - 82.1 p.c. [ Shatter - M38 - 91.8 p.c. | 

M10- 9.5 p.c. 11 - M13-98.6 p.c. i 

Sulphur - 0.6 p.c.. Phosphorous - 0.08 p.c. 

(CFRI tests) 

We welcome all, including the Doubting Thomases, to see our coke making 
process. 


We say again : HATS OFF TO THE CIL Chief 

We- 

Coke Consultancy Co : Dhanbad 





Auroma Coke Manufacturers: Jharia 
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SCIENTIFIC 

ANCIENTS 

^ Congratulations for the arficle The water¬ 
works of the great pyramid' <August 19H3I 
It has removed tlie sliioud ut mystery, 
romanticism, and supematuitil from ttie 
face of the pyramid 

The ancients m fact did have their own 
SCierihsts. The Jantar Mantar observatory, 
Che architectural engineering of Taj Mahal, 
the chemistry of the iron pillar in Delhi 
which has not rusted to date, llnani and 
Ayurvedic systems ot medicine, the bioche 
inistry ot the Kgyptian mummies which 
have not rotted even till today, are some 
example.s of the advanced level of science in 
ancient times. Surya Siddhanta and 
Aryahhatt iinhat Samhda of V'arahmihira 
are some great Indian scientific works. 

X.; />/17 SANJEEV PRAKASH 

lanit ffttud 
/*() (Mffmiin 

’“Mention of TSS must on 
tampons’* 

Thanks for the timely tirticle on T.s.s (The 
Tampon Syndiome, Women & Science, 
February. 1984j. Drug companies (national 

. as well as multinational) are very irrespon-^ 
sible as far as social responsibility is con¬ 
cerned. Their main aim is profit and the 
health aspect takes a secondary position. As 
far as the 'tampon aftair' is concerned the 
manufacturing companies MUST make a 
mention of TSS, as is done abroad. 

Can we expect the correct response from 
concerned authorities? 

D. L. KARAD 

Science, and not ‘bi^’ or ‘small,’ 
is needed 

Congratulations for the rational views on 
the debate between ‘big’ science and 'small' 
science (CLOSK KNCDUNTKRS. Kehruarv 
1984) .Suih a controversy is not at all 
lelcvarit in a developing economy. The 
ultimate aim ot every scientist i.s to unfold 
nature's mysteries to create mean.s of pro 
duct ion and distribution. Such means are 
supposed to be eionomicai and labour- 
saving. So. whether major scientific re¬ 
search projects aie undertaken at macro- 
level or small ones are undertaken, the 
purpose, ultimately, is to give a push to the 
national economy 

Just to give one example, space research 
should ptove fruitful for tiie entire man¬ 
kind. And one would wholeheartedly en- 
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dorse your views, “time has come, there¬ 
fore. to stop these divisive arguments and 
put up a united front to oppose the 
anti-science league which alone benefits 
from futile debates". 

VINEETA SINGH 

ItiHfiia. Char Toumhip 

207 Waharaihfrat 

Women on the march 

A UNESCO International workshop on The 
Role of Women in the assimilation and 
spread of technological innovation' will be 
held at the National Institute for Training 
in Industrial Engineering. Bombay, during 
29th October to 2nd November, 1984. 
Contributory research presentations and 
delegates are invited. The workshop is open 
to men and women. Last date for abstracts 
of papers is 81st July, 1984. 

Abstracts of papers and enquiries may be 
directed to the undersigned. 

MADHURI SHETH 


(univntfr 

VatHina/Institute for Irtimmgm 
InduAtnat Knttmeermg Vihar Lake 
Hnmbaj/4t)tiWl7 


Maths Olympiad 

Please refer to the article ‘Because maths 
is fun’ (Youth Forum, April 1984), giving 
interesting details regarding the 'Maths 
Olympiad—84’ conducted by the Mathema¬ 
tics Association of the IIT. Bombay. I was 
particularly interested in it as 1 had the 
pleasure of being one of tho.se thousand 
plus participants 

Here, I would like to draw your attention 
to a contradiction that has occurred in the 
case ol the very first question mentioned in 
the article. 

The answer which has been calculated in 
the article seems to he aKsolutcly right. But 
it we take a look at the problem from 
another angle, a more common sense 
approach seems to come up with different 
answers altogether. The problem stated that 
the average of the first five numbers is 80 
and that of the last six numbers is also 80. It 
is plain enough that there being only 11 
numbeis in the group, the average of the 
entire group is also 80. Similarly if we 
consider the other two statements, wc get a 
figure of 72.7272... a.s the combined av¬ 
erage. 

The controversy arises not because the 
methods adopted are wrong, but simply 



because there is a lacuna in the problem 
itself. If we assume the first three figures of 
the given data to be right, then the fourth 
figure has to be 92 

, 80x6+80x5 70x6+92x5 

(—n— *-n- 

We can show similar results with the 
remaining figures also. It shows that none 
of the figures is consistent with the three 
remaining ones. 

1 understand that this sort of mistake i.s 
due to inadvertence only, but it can't he an 
excuse for a reputed organization from the 
IIT I would also like to assert that 1 tail to 
understand the need to go in a roundabout 
way to reach the solution. It is this needless 
sticking to systematic ways which makes 
people run away from the glorious world 
that mathematics is. 

CHETAN P. DIGHF 

72/J44I Sehnt S'agur. 
hurla ihi. fhmhaif 100024 

We regret the error that crept in the 
problem inadvertently. We became aware of 
it when the Olympiad was in progress. Nn 
maiks wore allotted to that particubr 
qiie.stion when aaswer papers were evahi 
ated 


SUDHIR R. GHORPADE 


Cenarai Setretarg, 

MatfamatMt AsKOnatiun 
Indian Institute of ‘hxhnokitfv. 

Powai. Honthag 400 07S 

We have received a large number of letters 
on the subject. Our oversight in selecting ^ 
an erroneous problem is regretted. 

Editor 
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i ^lMf all those yntt tonsfiife 
it tamed oiit^ bonafidt iHtatd 
IHta Mrtn out not of Jana's. Obvieusiir 
die wM a ^detim of teiephane finuds. 
Her comeclad bHl amounted to only 
$47.08. 

PhoM frauds art becoming connAoh bi 
tte USt In 1962, illegal teiephone credit* 
Old uafe aeooimted for nearly $69 J mfl* 
Hon apfd in loU it was $71 miSfon, 
How Jane was tricked was (Hfflcult to 
trace. There were biatances of stolen 
telephone credit cards being traded or 
eavesdropping at public fhone booths 
where adlers give card numbers to 
operators. In Jane’s case, according to a 
spokesman for New York Telephone, her 
number was posted on an electronic 
bulletin board—message centres for 
personal computer users—from where 
the phoney caller could have picked It 
up. 

The board consists of a modem, a 
device which allows a computer to send 
and receive messages over the telephone 
lines. The user dials the buHebn board 
and leaves or picks up messagm. Occa* 
sionally, some boaids cany private ac* 
cess codes to long-distance' services 
which distribute the personal ntentifka* 
tion number (Pim used On tolephone 
credit cards. Some micro-computer u^ 
ers consume a lot of long-distance 
telephone tune and a fow of them at least 
nt^ prefer to have someone elpe pay for 
it. Understandably, they wou^ like to 
cover up dieir teiephane trail and the 
only way IS to look for valid access codes 
or ^Kme credit card numbers 
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Tht canieni takes standard Mbm Aim, 
in am speeds of 125 to 400. The tiny 
negstfems enlarge into 3x5 prints in 
colmir or Mack and white. It can slip 
into your podud. unnotioed,,indy frir 
that swift CRKMUre 
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ata4y by gg .AnubricaB Professor of 
Pfochiitta, Hksbaal M^iw, who has 
been stadplng 41 m brain jchsmistiy of 
monkeyi gnd'iwm at the Oniversify of 
Callfoinia to iM Argdes, USA. 

MeGtam found that the dominant 
falptoil mafo id'fnmps ef vervet monk- 
foia had aUo^dicnilDbin level twice as 
high as that of tae other males. When 
the iMss” male was isolated, however, 
his blood serotodin levels foil to those of 
the suberdinatos within a week to 10 
days. In the same period a nmr group 
toider would emnge and hu blood 
serotonin would nse to the "leadership 
high" Puithermore, it emerged that 
this hiOh count of serotonin could only 
be suifoitocd by contmual feedback of 
geshires of submission from the sub- 
ondtoatss. To test iMs finding, a domi* 
mtot pwfo Mas isolated and pbeed be¬ 
hind a fniMMsy nurror so that the 
spnd dontinance sig- 
«g ekpresriont and 
mntw w s' i t o tht vest of his 

' amid not <es thk msponsc 

- • - ■ 

iMitothsse 
tsfitadnU^as 






when he was aunpletely isolated. 
Female monkeys in the earlier studies 
show no variations in serotonin levels 
although they have their own hierar¬ 
chies separate from those of the males. 

McGuire then studied officers from 
student fraternity organisations in the 
University of California and found that 
they had considerably higher serotonin 
levels than those of other student mem¬ 
bers. 

He IS now planning to make similar 
measurements on men undergoing ma¬ 
jor changes in life; retirement, job 
demotion, extended personal crisis and 
thie assumption of leadership in small 
groups at work He also hopes to study 
serotonin levels in female humans. 

McGuire himself is careful about 
drawing too many conclusions from his 
work at this early stage. Women may see 
it as evidence that the male ego is 
unduly sensitive to signs of respect or 
ttie lack of it. 

ChoQgg the ggx of your bafey 

many narritd couples know 
[about it, but a technique exists that 
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I; Hijir aibidi Uwm * 75 per cent chance of 
i dbqpdiqStiWHipefthefriMby, thatia, if 
« ^ ^ what they want 
tmh Imnian ocD has 23 pain of 
ahminocomes, including the ‘sex chro- 
, < wdaohics’ XX lit the female and XITIn 
ttw male. A fertilised egg may develop 
iMo a male or female depending on 
whether the chromosomal constitution 
^ b eMier xy or XX. This IS tnic for all 
celts except the femah egg (ovum) and 
sperimdosoon (sperm) which has ha- 
' ifeid (one set) number pfdmmosomes. 
The ovum before fertIBsation thus con¬ 
tains an X chromoMitie while the male 
has sperm having both X and Y chromo¬ 
somes. If a Y-bearmg sperm unites with 
the ovum which has X chromosome, a 
male oH^rfaig b conceived while if the 
‘ XHxfonng apemt unites with the etf 
dtmng X chranMaornCr a female child IS 
conceived. SmeS tiie Y Chromosome n 
present onb tp man, a woman who 
wants a bey stands a better chance if 
only a Y-iplm fertilises ti» ovum. Thb 
, k cen be achfeved by separabng X and Y 
' apertnatosoB and inseminating the 
woman with Y-sperms. 

Yhe feehniqiie employed to choose 
< tile sex of the oAspnng is known as the 
Bifeaaon Method or the Albumen Separ- 
minn Method, it was developed and 
patented by Ronald Ericsson, a repro¬ 
ductive physioiogist from the US. The 
Enciatm method has been used in 17 
. sperm centres around the world in the 
five yean, with a success rate of 
nearly 80 per cent. 

The procedure calls for the wife to be 
artificially inseminated with her hus¬ 
band’s male (Y-bcanng) separated 
sperm. In the Ericsson Method, to 
increase the chances of conceiving boys, 
the sperms are “washed" by spinning 
them down in a centrifuge that separates 
them from seminal fluid. They are then 
placed on top of glass columns that 
contain a layer ot albumen, a consti¬ 
tuent protein from human blood. The 
sperms then swim and battle their wi^ 
through the albumen to the bottom 
because of more strength and motilihi 
These are 70 to 80 per cent male sperms 
, wUh the Y chromosomes. These selected 
^ aurvfvon are then extracted and subse- 
; ^iMptiy msehiinated mto the ovulating 
* womaru If she conceives and ctfines to 
term, the odds arc seven in ten that she 
will have a boy 

AHebar 
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nn)n£ witit .iiuptibiit igigd) or 
Jr haafiAg fefil aeuQ iayd p iiHnv iMdie 
of ooiniaMnfcttfon. Thfo* w^glte 1^ 
to telephone to each othar over loc^ 
dbtanees through sign language usmg 
videophone. Besides, tsqr tob will haves 
merry time wMi thefar grambatents feae 
above lleftl. 

ibe Ufest Cannan g a v a maa BBt has 
given ti» graan tignai in tbb ttiai naming 
of ncPONfwidcband intagHtad aervioes 


When dw Earth ImU Itg 
brgadi 

TJH>R the first time iAtirfecenttpy, the 
M geological time scafe sparnibig the 
ages has been extended by a qcw “foilin' 
tion". The geological time scale covers 
the whole period of tius Barth’s hstoiy 
and IS segmented into stages Hence, we 
have the early age consisting of sn 
penoda^Permian, Gtebonifef^ De¬ 
vonian, Silurian, and Cambrian 
characterised by echinoderms like the 
star fish and sea-cucumbers, followed by 
the middle age with the Cretaceous, 
Jurassic and Tnassic periods, characte¬ 
rised by ferns, omifers and modem 
types of fishes, and lastiy the modem age 
with the Quaternary khd Tertiary forma¬ 
tions The latter included the early 
irummals tike tiie insectivores, and ear^ 
monkeys. 

The new ''fonoigion’^^EdHicariain— 
which pnekdep tfea nfentioM 
otages, hai been wjtilgarrd now as • 
stage indopendent ag the others. 
Although multicellular organisms did 
exist in thu stage, tiw Edfeeaihmi 
period u now bagmsting to be Jooksd 


focal network with optical waveguides) 
wtth 3S6 selected subscribcns In Berlin 
and SIX other cities. ’These will foi 
provided with teiecommumcatioD fecill- 
tics such as telephone service, telex, 
mteractive video-tex and data services 
via two hair-fine glass fibres (see abeve 
fight) instead of numerous copper wires. 
IWenty per cent of these suhsertbers will 
enmy the feciliti' of videophone. 


upon as the tune when the transition of 
unicellular organisms to fully developed 
imdlioellular organisms took pbCe. 

‘TIhs new formation, Cdiacarhim, has 
been so named as the first remains of the 
naked matticdlular organisms were dis¬ 
covered in the Ediacara Hills in Austra- 
ha. Fossils have been later found at 
several places, including south wept 
Africa, the Antarctic, Scandinavia, Crefft 
Britain and Siberia. IVvanty-nuic dttfe- ' 
rent species have already been Kfentifled 
here IWthirds are chi^na, like medu- 
sae or sea feathers belongmg to conk 
then there are the annelids and several 
arthropods In a “soft body version", a few 
oontroversMi soft echinoderms, and 
otiier forms of life which have not yet 
been clearly classified 

Professor Klaus Sdzuy of the WBra- 
burg University.W Germany while study 
ing snmlar types of fossils m the Atlas 
Mouataim in Morocco remailMd: “A 
ItiangA jdmost meratBfetenicttt^ J 
wiidfog » period Of htecQvtiy m'lhii i 
byanc^giere and atmosphere, UttlKy 
ftnielgn to us in this day and 80^”?* 
prWrafled at the time, Tbis claiirV tot V 
pHes ting the emwonmerit tiudnf 
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WmMmr tnifctal, Koch^ 
4imiiai<w«re dapONtni m 
iMWti tt MhJcvcl 
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mowumcnts on me 

Ctov jdKKMwmftflMNMe 
«athe fessttlMd 
S» <iir ifiiilpft yem 

^l^^«nM0e celmeMv imtiborihi^ 
pitfMene daw)d itf entr heidimrt** eM 
M wem not «M^ muxobM at 
(he tnife Mritidial deeotnpaidtipn of 
dei4«i||i(Mi|Mpm^ 
dOM^. 11U« (wcuhenr etkte ended abtM 
550 mttion yean ago, and with It tne 
envimtiMfital eneigy started mereas- 
in5,nio«ements in the atmosphere and 
aea begpi, and creatures sio«4y started 
to dewp hard parte. 

Cmmc of AIDS found 

V ICTIMS ot acquired immune defi¬ 
ciency syndrome (AIDS) can now set 
their hopes on a virus dncoveiy in 
France. According to James 0. Mason, 
head of the Federal Centres for Disease 
Control, USA, the French virus is the 
cause of the disease He, however, stres¬ 
sed the need for addibonal research to 
ronflm the findings 
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The French virus is called lav for 
lynqihadenofathy-associated vtrur It is 
# member of tht retro-vims iismiiy, 
udtich over the past year has been the 
leading candidate to the cause of Aids 
O ne of the reasons tor bClievmg uw 
as the cause of AtDS ts that tests first 
done in France have shown that the 
uto a^taclM the tame white Mood edi* 
titM« Mwf T<e«e 


iw iiaa i 
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n^imi ^ tm 

vaM the Mishiptttuig M 
^ anetdid 0m^JiK4Mm Skt 

sms^s 

AIDS victims. 

Ihe auesthgi arises as (D why hdiiiqm- 

xual men aapasedi Co gcmen by aafl 
inlercaurye ate more |l!jlkie m ha lin- 
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SaeftooofioelafaniaMn 

munosuppressed and subsequenUy an 
easy prey to other diseases thiui women 
The answer to tWd Ass m the tissiae 
(gruetew of va#Rli uid tNi mpti^ 
vsgihui Is Imed by mteK itrthdM Myers 
of squamous epithelium below which lie 
the vascular lamtna prqpria, ncMy sup¬ 
plied with Mood and lymphabc veesels 
In ciditnUr •«Eiuia.A\i«wd ^ a 
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wqawvi db (fotyAnMAh 
coiAatt. g is prabUria IhM dMsmTWM 

ham had anil intercoune With m 
men The semen cif ho 
hndwn to have greater iimn 




iMjal-Mduead chai^ in cdl^ 
m aiMfie conmonanU M semen. V this 
a true, women who have anal mter- 
eouise with biaenid men malr ha nMit 
tnroiw m Aiuf thief those who hawt anal 
aei wHb baieraotMiat men. And a 
meent studF to be puMithed lit the 
AwiAaf of Atedbsaf AaaocfaeiiM) reports 
Just Ttha t -'Wo m e n vdto routlAeh^ en¬ 
gaged 111 anal intercourse eshiUtad im-, 
mune shnormalities 

Ctiicvf iimAmi ^biiAnwiif 

ianlA4t 

C ONTRARY to common bcUef that 
cancer prevails more in the Weih 
the dbeese has mom victims in the 
devehgiing world according to a recent 
giehal«ancer atudy by the World HeaWi 
OiimiaatMirt (wism 
Of thb 4.3 million people that dv of 
cancer every year, meue than 50 per cent 
are from developing countries A break¬ 
down shows that 186 mifiion deaths are 
recorded tn Asia alone, followed by 14 
nuihon in Europe, 447.000 In North 
Aihenca, 201,000 in Latin AihenaL 
388,000 in Africa and 32,000 in Oceana 
According to the study, in inda and 
China, the world s two most populous 
nations, from a quarter to a third of ati 
males'Vc addicted to tobacco smokhig^ 
,tfro riw^ cause of toM ciittor* 1^ dm 
4faMt'afy‘ato id to 9 yearn-ehL 
0M of tiw contrfeulKtg Actors to tMi 
addiction u the 1iq|hiy sophisticated 
and rathleis’’ smoking promotion caro- 
pa9ttc(iciduirttofotiieTbiNVto^ ip 
pAtosah tiaatmlytoto. toboow cam- 


_ _** * 0 OO^/^ - _ . . . ,r.*?>.VwkA 








fVilr ~ tmming 
Jlliun of Swiet sdciice 

^ nnOFBSSOR K«pit», the ie> 
1 iMwned Soviet phyncutPUMd temy 
OR Apttt 8, at the age of W. He wai a 
Rdpient of the Nobel Proe in physics 
<1078) for hu basic inventions and 
disoovenes in low-temperature physics. 

A series of experiments conducted by 
Kapitaa kd to the discovery In 1837 of 
I superfluidily-^ totally new proper^ of 
matter. This outstanding diseoveiy was 
: made possible by a new and oiiginai 
I apparatus Kapitu had earlier developed 
I iHiuefoction of helium 

His cxpenmenta on liquid hehum 
established beyond doubt that this fluid 
behaved peculiarly at veiy low tempera¬ 
tures—it had no viscosity at all. It could 
pass through narrow slits effortlessty 
and almost instantaneously A normal 
liquid like watcr> on the other hand, 
took several days to pass throu^ the 
; tune sitte. 

Kapltm, son of a Csanst general, was 
: bom in 1894. He started his sooitific 
career at the Petrograd Polytechnic at 
' St Petersbuig. He left for Cambridge in 
> (he UR to work with Ernest Rutherford 
In 1018. R ww said of Kapifoa that he 
had the same seal to enioy science with 
an unbridled energy and power of imagt- 
! nation u his master Rutherford In 
addition, Kapita ww said to possess a 
stiedc of Russian eccentncity, which 
probably meant that he ww for less 
eonventional than his Bntish counter¬ 
parts. 

In the congenial atmosphere of Cam¬ 
bridge, w Rutherford s fovounte, Kapit- 
u plunged into his famous experiments 
of generating very strong magnetic 
fields Rutherford was largely in 
stnimental in securing for his brilliant 
and danng pupil "baby giants’ of high 
voltage Kapitsa was successful in 
obtaining fields upto 320 kilogauss m a 


panies recently spent US $ 5 million on 
12 months advertising—about US 
$360,000 fur every man, woman and 
child in the country 
The high tar and nicotine contents in 
the cigarettes sold in the Third World 
contribute to the increasing lung 
cancer, repoits the study Por example, 
the tar yield in cigarettes sold in India 
* can be K much as ti6 times higher than 
m the low-tar cigar^les sold ip mdust- 
nalised countries 
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volume of 2 cubic centimetres He went 
on to study the resistivity of metals in 
very strong magnetic fields and disco¬ 
vered the linear law that bears his name. 

Kapita’s attitude to science is appa¬ 
rent from the following episode. A new 
laboratory ww specially built for him in 
Cambridge which ww named after 
Moad, the multimiUionaire chemist At 
die opening cenemoniy of the laboratoiy 
people were taken ab^ to see a huge 
crocodile carved on the focade When 
enquired about it Kapitaa reburted 
'’Weil, mine is the crocodile of science 
The crocodile cannot turn its head Like 
science it must always go forward with 
all-devounng jaws " 

Ironically, Kapitw ww not to work for 
long in his newk built laboratory. When 
he made a trip to Moscow in 1934, he 
ww persuaded by the government to 
stqi back on the plea that his services 
were indispensable to fight die danger of 
Hitler Rutherford then took an unpre¬ 
cedented step and arranged to dismantle 
the bulky apparatus that Kapitza had set 
up at Cambndge so painstakingly and 
sent It over to KapiUa, the Soviet Union 
not only came fonvard to pay for the 
apparatus, but also established a new 


India IS one of the Southewt Asian 
countnes where nouth cancel inci¬ 
dence IS high This IS avoidable if 

SnaUag JMchtae need W hHtai/gUa 
Ibe cmuee cancer 



institute appointing KapiUa w its 
director. 

After the discovery of supwfluidity in 
1937. Kapitsa engaged himself in ap- 
phed research—production of oxygen 
using low pressure expansion turbines 
and Its uses. 

Later, Kapitsa turned his attention to 
a totally new range of problems He 
uivented high power microwave gener¬ 
ators and discovered a new kind of 
eonhnuous high pressure plasma dis¬ 
charge (1950-55) 

Kapitsa ww at the helm of Soviet 
science probably until he raised his 
voice against the use of atom bomb in 
1946. He ww a member of the USSR 
Academy of Sciences, a fellow of the 
Philoso^ical Society of Cambndge and 
the Royal Socieh* of London, a member 
of the American Physical Society... a list 
for from complete. 

Kapitsa ww one of the finest experi¬ 
menters of our tunes He often express¬ 
ed the view that for any good work one 
hw to depend on one’s own hands. Hu 
contribution to the progress of saence is 
immense, his complete works published 
in three volumes tear ample testimony 
to this foct 


chewing of betel nut and tobacco quid IS 
ducouraged Who estimates 100,000 
new cases occur yearly, with 90 per cent 
caused by local forms of tobacco- 
chewing and smoking 
One positive aspect of who’s study is 
that liver cancer appears to be prevent* ' 
able by vaccination a^mst Hepatrtfo B, < 
an infection that leads to the devctaiS' , 
ment of the liver tunuMir. liver caacbc ' 
damn w many w 30 npw cases M , 
looixio b) Soulhiaat Asia aveQi 
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trusted formula works 
to give you clean, 
fresh breath... 
strong, healthy teeth 
every time you brush. 






m 


Colgate s unique active foam 
reaches deep to remove dangerous 
food particles and bacteria 


Result Fresh-breath confidence, 
protection against decay, 
strong healthy teeth 


Remember to brush with Colgate Dental Cream 
after every meal Stop bad breath fight tooth decay 


Ybu'U love its fresh malty taste! 
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MIND WARS 



I MACilNli! <'in estrarif^ed c<»uple a cnnti- 
neiU aparl The woman feels a sharp 
twinfSe of pain m the neck lust as she is 
fjoinrt to bed. “Thai musi be KreJ using 
his mind waves to hurl me'' she mutters 
clenching her teetf). 

That scenario is quite plausible, accoicl¬ 
ing to millions of enthiisiasts ot extra- 
serrsory peiceplion IK S P ). They believe in 
the power ol mind over mailer (in this case 
his mind over her matter). It is supposed to 
enable you ht defy ■‘mnmalilv” - to com- 
municaie monfallv (telepathy),to see wh.it 
exists bevund sight or time (clairvoyance) 
and e\’en to move ohiects and cause events 
to happen- like Inppmg vour mother in- 
Jiiw ami giviiiq lu‘i a iiiuloir (ttdr- 
kiiiosis)' 

Indeed, helier in the potencv oi i\ilchcrafl 
and x'otKloi) pi.Klices in the ahilitv to harm 
nr altect a peison ‘ paunormallv . is hardly 
new \Vh.il IS new i.s the willingness ot the 
military tu (rx* the mumbo lumhd. Konald 
McRiic, a immei investigative lepoitet tor 
the columnist J.iek Andeison, leveaLs in a 
forthcoming h<Kik the IVnlagon's attempts 
at Clo.sc Kniounters ol the rtind Degiee 
kind which aie loslinji the \merican la\ 
payer $6 million aniui.iilv. 

The Pentagon has oiiiciallv denied its 
involvement with the pai.inormal Rut 


sources like retired Lieut. General Ddfiiel 0 
Graham, former head of the Defence Intelli¬ 
gence Agencv, recently told New York 
Ttmes that the mililan* had indeed been 
involved in a psychic research (although 
not to the tunc of SB million). The General 
said he would be surprised it they had not 
followed up on psychic weapons One 
reason for this could he the inten,se interest 
shown bv the Soviets in this area Some 
“experts" equate the first stiategic break¬ 
through in E.S P. defence with sole posse.s- 
sion ot nuclear weapons, reports Time 
which lisLs d number ot hizdrre .sounding 
schemes undertaken bv (Tie militarv These 
include* sighting .submarines bv c!aii- 
voyjiice. sending signals bv tclepalfn (tfii 
instance the physicist Rii.ssell T<iig tried to 
transmit an image to a medium in Califor¬ 
nia from (leneral (irant's Tomb in New Yoik 
Citvl. using a "psvchic' .shell game to 
de.sign a shifting >1X missile system to 
contuse tlie Soviets. The I'.S Armv lournal. 
MthUn’ Review, even teatiited a cover story 
on ‘ The New Mental Rattietield 
One c.'in speculate on anv number \if 
piohlems that aie likelv to arise while 
raising an elite E.S.P. corps. Here’.s just one 
e.xample* Raw recruits endowed with E.S.P. 
will be extremely sensitive. Time honoured 
methods like drill and discipline may prove 


counterproductive to tram and develop 
them Think of what a psychic Beetle Bailey 
or Sad Sack ma> Jo to a Sarge who breathes 
down his neck' 

Also, how do you prevent misfire or 
mistakes in psychic waitare-' Kor instance, I 
remember a iharacler from Tintin comics. 
Marquis de Gorgonzola, interrogating a 
crusty old millionaire with the aid of truth 
serum and a psychiatrist Instead of spilling 
the combination tu his safe, the milliondiie 
keeps giving his captors the stor>’ of his lif?' 
Similarly there is every possibility of a 
psvchic concentrating on a .sensitive border 
landing in an equally sensitive bordello! 

Nothing “inncrete" (or shall we say 
■ spiritual") has materialised from these 
esoteric reseaichi-s. But thi>.se familiar with 
Mughal history mav get a feeling of dvhi vu 
in this matter; the ill-fated Dara Shikoh, 
heir to Shuh Jahan'.s throne, was such a 
hehevei in matters p.sYchical that he took 
along a mv.stic-ciim-astrologer to a siege in 
Afghanistan Despite all imprecations, 
chants and charms, the siege did not 
succeed. The mystic was eventually taken 
hostage and killed by Uie rebels who refused 
to be “psyched"! 

Is that the shape uf things awaiting fk 
psychic army? 

VithalCNadbrni 
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In West Bengal alone more 
than a thousand lives have 
been lost in a single month. 
All due to filthy contamin¬ 
ated water. This need not 
happen. Getting safe pot¬ 
able water at home is now 
within your reach 



POTABLE WATER- 
Within our reach 



E ven before the advent of the monsoon, 
water-borne diseases have assumed 
frightening proportions in the country By the 
middle of May over 1400 people had died 
of bacillary dysentery in West Bengal, viral 
hepatitis B has claimed over 300 victims in 
Gujarat These epidemics are entirely man 
made for both hepatitis B and bacillary 
dysentery are due to poor sanitary condi¬ 
tions and bacterial contamination of water 
Large tracts of sub-soil water in India are 
contaminated with worms, bacilli, amoebae 
and other disease causing organisms This 
^ situation further deteriorates with the onset 
of the rains And soon the water flowing 
from our taps will not nnly be muddy but 
will be swarming with unseen dangerous 
contaminants 

Ironically, the current decade (1981- 
1990) has been designated as the Interna 
tional Water Supply and Sanitation Decade 
by the United Nations The World Health 
Organisation has estimated that one in 
every three persons lacking clean water and 
sanitation is an Indian For 7(1 to 80 per 
cent of our population, clean drinking 
water is a pipe dream 
Water which is clean and safe when 
collected IS not necessarily safe when it is 
consumed This is clearly revealed in the 
1971-73 survey of five villages in Madurai, 
Tamil Nadu by the Gandhigram Institute 
T People using street taps showed a higher 
incidence of diarrhoea and Shigellosis (a 
type of bacillary dysentery which hits chil¬ 


dren badly) than those having separate 
water connections This indicated that 
there was a high risk of water contamina 
tion during transport and storage 

Of all water pollutants, natural chemical 
impurities are far the least hazardous 
but man-made chemical impurities are 
often found to be toxic Human faecal 
wastes are dangerous too, because they 
indicate the presence of disease-causing 
organisms which cause water borne dis 
eases 

In India alone, over 50 million people get 
infected and more than two million die 
annually of water borne bacterial dis 
eases such as typhoid cholera and dysen 
tery Also, viral diseases like infective hepa 
titis (jaundice), polio and protozoan dis 
eases like amoebic dysentery are almost 
exclusively water-borne Other helminthic 
or worm infections caused by roundwoims 
whipworms and guinea worms fall in the 
same category 

Now the question which naturally arises 
IS How do we make the most of the 
available water suppl>^ Should we distil, 
filter or boil the water^ First let us 
understand the nature of the problem 

What contaminates our water? 

In villages the mam water sources are 
wells, lakes, stagnant pools, mud holes, 
springs and tiny cracks in the rocks 
Needless to say, certain unhygienic prac 
tices contribute to the deterioration of 



iMbiit's avafliMe? 


I N India, the demand for mter fllten is 
drovring at the mte df about 15 to 20 
per^t which tranalatee into one lakh 
. plecHayear. Atpvesant, manydifTerent 
' bmda of domestic filters are available in 
ttie tOjfian market. Most of these are 
' candle fiJtm, consisting of two com- 
'paitmants placed one over the other. 
The upper compartment generally con- 
tabis the candle/candles and the lower 
one contains the filtered water. Pour 
:• . types of models with varying capacities 
^ are available. Generally, (he 11 to 13 
V litre models have a single candle, the 18 
• to 20 litre models have two candles, the 
27 to 30 litre models have three candles 
. and the 36 to 42 litre models have four 
candles. The containers are generally of 
aluminium, coated with a scratch-*>re$is- 
tant material, or are of stainless steel or 
plastic, and vary in pnee accordingly. 
For some brands a choice of colours is 
available. The brands of microfilters are 
also available alongwith a brand of 
microporous filter. A tablet for sterilis¬ 
ing water is also marketed now. 
WELOFIL WATER FILTERS come in 
fcMir sizes and colours as mention^ 
above. The containers are made of 
aluminium alloy sheets. The unit is 
, Kght, portable and unbreakable and has 
a protective rubber base provided. A soft 
:plastic brush for cleaning the candles is 
eupplied with the unit. 

AQUAWELL FILTERS come in five 
models the four sizes mentioned above 
and a msika filter. The containers are 
made of stainless steel. “Burkfilt over¬ 
coats", which can be slipped over the 
filter candle to keep it clean and to 
prolong its life, are also marketed. The 
cM’ercoat is removable and washable. 
VBELINE WATER FILTERS and MAJES¬ 
TIC WATER FILTERS have polypropy- 
lene filters and plastic containers. 


CONCORD WATER FILTERS M the 
first filters udth a water level indicator to 
be marketed in India. * 

Other cranmonly available filters are 
PURITAS FILTERS, BAJAJ FILTERS. 
ANJAU FILTERS and DASWANI FIL¬ 
TERS. 

Two brands of microfilters are avail¬ 
able. These are small units, which can be 
directly attached to the tap to provide 
instant potable water. 

SWAN MICROFILTERS have an inlet 
pipe which can be attached to the tap. 
The filter cartridge is hermetically sea¬ 
led and the water flows upwaids (due to 
pressure) through the filter and into the 
outlet pipe which is attached to the top 
of the filter. The filter cartridge is 
replaceable. Unit is small and made of 
plastic. The candle is 25 cm long. 
WELOFIL MICROFILTER contains a 
cartridge impregnated with formal¬ 
dehyde. 

One brand of microporous filter is 
available. 

PHIROL MICROPOROUS WATER FIL¬ 
TER is a small plastic unit which should 
be filled with moist cotton and con¬ 
nected to the tap. 

Now-a-days. tablets for pure and safe 
drinking water are available in the 
market—STERITABS come in five strips 
of 10 tablets each in a box. Each tablet 
contains 25 milligram of sodium dich- 
loro S-triazinetrion. As soon as the 
tablet is dropped Into water, effervesc¬ 
ence occurs. According to the instruc¬ 
tions on the strip, purified water is not 
to be stored in stainless steel, copper or 
brass containers. The manufacturers 
claim that steritabs provide pure, safe 
germ-free drinking water. Also, they 
help prevent water-borne infections- 
amoebic dysentery, diarrhoea, typhoid, 
cholera and jaundice. 


water. For instance, in villages it is a 
common practice to hathe,wash clothe.s and 
utensils close to the source of water supply 
The dirt and inlcctious agents that arc 
washed away percolate through the soil 
and enter the water source thereby con¬ 
taminating it. 

Jn cities and towns, water supplied hy the 
numicipality is treated, hut hy the lime it 
reaches the consumer, it gets contamin¬ 
ated. Reservoirs, pipelines and storage 
tanks mav not be cleaned sulticiently or 
reguldily or may be tampered with <)flen 
sewage and water pipes lie adjacent to each 
other resulting in the mixing of waters. 
Rust r-«nd dirt mingle with di$e.ise-causing 
agents in the water pipes and very often this 
unwholesome hrew gushes out of the 
household tap 

During the monsoon, the problem of 
discoloured unhygienic water supply be¬ 


comes even more acute. Rusted pipelines 
burst, neglected reservoirs develop cracks 
and sewage seeps through the soil to 
ground and surface water supplies. Also, 
during the rams, people are under more 
.<(tres.s having to cope with the inclement 
weather. Con.scquently. their resistance to 
disease is lowered and there are often 
epidemics during the wet season. Rain 
water.which ultimatelv becomes our drink- 
ing water, contains traces of all the pollu¬ 
tants pre.sbnt m the air dust particles. a.sh, 
soot, tiaces of salts and upto a dozen 
identifiable organic compounds. When it 
collects in lakes or wells, it further acquires 
dissolved fertilisers and other soluble che¬ 
micals as a result of agricultural run off, 
industrial effluents and urban wastes. 

What precautions should a housewife 
take to guard the family against water¬ 
borne diseases? To deal with the problem 


effectively, it is necessary to realise that 
water being a universal solvent is never 
completely pure. 

Home-treatment for water 

Absolutely clean domestic water supply is 
a myth in the Indian context. However, a 
housewife can use a few simple home- 
remedies to make the water safe and 
potable. Water can be safely disinfected Kni 
stirring a crysUl or a block of alum, two or 
three times on the surface of water^stored in 
a bucket. Alum, a double-salt-sulphate« 
coagulates the impurities along with the 
bacteria and settles the mud. The coagu¬ 
lated matter sediments down clearing the 
water. A few crystals of potassium perman¬ 
ganate can be added to water before using it 
to wash vegetables and fruit. Being an 
oxidising agent it acts as a splendid germi¬ 
cide and prevents spoilage of vegetables and 
fruit on storage. 

A popular method of water purification 
used by housewives is filtration. Filtration 
IS an old concept. Traditionally, water was 
filtered for domestic use by passing it 
through three pots containing gravel, char¬ 
coal and sand respectively. Even now, 
women in rural areas use this technique 
which, though crude, is effective in remov¬ 
ing coarse suspended impurities from wa¬ 
ter. It does not disinfect the water however. 

Filters that are currently marketed fall 
into two categories—those that can remove 
particulate matter and those that can re¬ 
move both particulate matter and micro¬ 
organisms. The latter are known as bacter¬ 
iological filters. Small, handy microporous 
water filters that can be attached to a tap 
are also available. These filters are layered 
with moist cotton before attachment. They 
merely block the flow of large particles 
suspended in water but cannot retain 
bacteria and so are not bacteriological 
filters. 

Bacteriological filters are of various kinds 
but those designed for domestic purposes 
arc basically of two types—candle filters 
and membrane filters. The action of these 
filters IS to retain micro-organisms. 

Candle filters are made either of diato- 
maceous earth or unglazed ceramic. Their 
mode ut action is to retain dirt and 
micro-organisms in their pores, if the pores 
are choked, the rate of filtration will slow 
down. So It is essential to clean the candle 
regularly. If a filter has not been used or 
cleaned for a long lime, high bacterial levels , 
are likely to be present, and the filter can 
become a health hazard under such condi¬ 
tions. 
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Another type of bacteriological filter is 
the membrane or molecular filter. These 
filters contain porous discs of biologically 
inert esters. Membrane filters are used in 
the form of cartridges which must be 
replaced once saturated. 

How long does a dQmestic bacteriological 
filter remain usable? There are no hard and 

» t rules, but^ broadly speaking, a candle 
:er should be replaced when the candle 
geb reduced in width by about 2 cm. Actual 
lifetimes of different types of filters vary 
greatly, depending on the local water quali¬ 
ty and the amount of water filtered per day. 
The more polluted the water supply, the 
shorter the lifespan of the filter candle or 
cartridge. With respect to the amount of 
water used, it can be approximated that 
typically about 18 to 20 litres of water are 
used per day for cooking and drinking in an 
average household. Upto 270 litres of water 
can pass through a candle filter before it 

[ Simpk househoid illter 



Chan ual 
places , 
and sand 


UnUatian Socfgty of 
' 1 IniMp filter caiuUes twice 

in 19M and 1981 to lest the manufac¬ 
turers’ ciaifns. The flowing brands 
were tested; PURBX, PUMTAS, WEtO- 
PIL. SUPMtSHAN and BAl/U. 

According bo the ccsi, filters passed 
both the sets of testSi Sudarshan fiKiirs 
have candles %vbfdi are impregnated 
with silver chharide. Itiese inters yid(^ 
sterile water and the aiiver dtloride did 
not enter the filtered water* 

Purex, Welofil and Bajij canto did 
not retain bacteria* completely and so 
were *not suttito* for sleriltatlon of 
water' It was also found that the candles 
used in Puritas. Welofil and Baiai fitters 
are manufactured 1^ the same company 
and supplied to these firms to'be mar¬ 
keted under their brand names. Other 
brands of water filters have not been 
tested. 

needs cleaning. This means that at least 
once a fortnight, the candies in a candle 
filter should be cleaned under a running 
tap, brushed with a soft brush until their 
colour is restored and then rinsed thor¬ 
oughly. The containers of the filter should 
be washed thoroughly too. Once every three 
months, the candles should be soaked in 
water for about 15 to 20 minutes and then 
immersed in boiling water till the water 
cools. This destroys the micro-organisms 
that are entrapped in the pores of the filter, 
and so sterilises it. If properly maintained, a 
candle can be effectively used for upto three 
years. 

A membrane filter should be cleaned and 
the cartridge replaced according to the 
recommendations of the manufacturer, be¬ 
cause different membrane filters vary with 
respect to sizes of the pores and pore 
distribution. These two factors and the 
amount of water filtered determine the 
lifespan of the cartridge. 

Activated charcoal filters are used to 
remove large and malodorous particles 
from water. They are used to remove the 
residual chlorine in water which gives out a 
typical odour. These filters,however, are not 
bacteriological filters. In fact, they are 
unsafe for use if not cleaned regularly, 
since activated charcoal is a fairly good 
medium for bacterial growth. Domestic 
filters containing activated charcoal are not 
marketed in India. 

A major drawback of filters is that, 
though they render the water tree of both 
particulate matter and bacteria, they cannot 
destroy or eliminate certain unfilterable 
viruses. Because viruses are very much 
smaller than bacteria. Viruses range in size 
from 10 to 300 niri tnanometres) whereas 
bacteria vary between 50 and 5000 nm. These 
viruses are responsible for a range of 
infections including infective hepatitis 
(jaundice) and gastroenteritis and can be 
destroyed only by boiling the water. Be¬ 



sides, boiling also destroys those micro¬ 
organisms that have somehow managed to 
pass through the filter. To ensure that your 
drinking water is absolutely safe, it must be 
filtered and boiled. 

Another problem that the housewife 
often faces is that of dealing with excessive 
chlorination. Chlorine is present in water 
treated at municipal water purification 
plants. Ten minutes after treatmerft, levels 
range from 0.2 to 0.8 parts per million 
(ppm) over a pH range of 6.0 to 9.0. These 
levels are adequate to destroy all pathogens, 
to inhibit the growth of algae and weeds, 
and to oxidise certain inorganic impurities 
like hydrogen sulphide, and ferrous and 
manganous salts. However, it cannot des¬ 
troy the cysts of the amoebic dysentery 
organisms. Though chlorination has re¬ 
duced the incidence of water-borne dis¬ 
eases, in excess, it creates problems. For 
instance, several studies have linked in¬ 
creased cancer mortality with chlorinated 
surface water. It is thought that chlorine 
reacts with egrtain organic compounds 
naturally present in surface water to form 
health-threatening products. One of the 
known products, chloroform, has been 
found to cause cancer in laboratory 
animals. 

A new method of purification has been 
discovered recently which requires the use 
of the horse-radish tree (ben-nut tree), 
which grows in our country. The seeds of 
this tree are to be chopped up, wrapped in 
cloth and the bundle twisted in water for 20 
to 30 minutes. About 0.17 gm of seeds is 
adequate to purity one litre of water. The 
mucilage of another local herb known as 
Peru tuna cactu.'^ can also be used to purity 
water. 

The use of clay slurry to cleanse water is 
common in rountrie.s like Sudan It in 
volves the addition of a few grammes ol 
clay sediment collected fmm rivers. Initial¬ 
ly the clay is stirred from a .smooth paste to 
onr with a liquid cnnsUilenLy. Purihcation 
is time-consuming but etieclive due to the 
presence of a .substance in the clay. 
Besides this, ground rocks and surprisingly 
earth from anthills are used to puiifv water 
and make it potable. 

Reports on newer and better methods of 
water purification keep coming in. In days 
to come women may even build themselves 
solar water purifiers which will supply them 
with potable water directly from the Up 
with the Sun s bles.sings 

Gillian Valladarea 

Panil R. Sheth 
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REVIEW 




S atellites, are more than just 
artificial moons of the Earth. 
They are vehicles of the com¬ 
munication revolution — in¬ 
struments to draw the whole world 
together into one global village linked 
by transcontinental telephone and tele¬ 
vision signals. Although they can be 
used for short term cloud 
pictures and long range weather fore¬ 
casting, satellites are also employed for 
spying on alien territories and to snoop 
on military installations. A less well- 
known group of satellites are designed 
to photograph the land and oceans of 
our planet. These are the Earth Re¬ 
sources Tracking Satellites of the erts 
series later renamed Landsat. They 
provide pictures vivid enough to arm 
us with information on minerals and 



3 ^' 7 ^':■ 4 "" 










; 'mss• ■ 






A*'" ^3 

4 . ^ ' K^L 

^ ^ t'-*' ^ 



Developmtni of EMOtem HoUaddo, Jopon 


With Man’s great leap outward in space, the planet 
Earth seems to have suddenly shrunk. How fragile (yet 
tenacious) is its bi9sphere, how finite its resources and 
how extensive are the changes wrought by Man, these 
perspectives can be seen vividly by satellite, by the study 
of in\ages captured by the Landsat spacecraft. 

We present a fascinating review of a magnificent book of 
global geography 


with teehakiMnn. 

The Takla Makan Dessert and K2 . i 

valuable energy resources, ground wa¬ 
ter and food and fibre. 

Between 1972 and 1982 four Land- 
sats were launched by the US. Of these 
only l.and.sdt-4 {see picture) is now 
opetational. Flying at a height of 917 
kilometres it transmits to earth more 
than a million separate items of intor- 
mation every second. Roughly an area 
of 10,000 square kilometres is covered 
in the time that it takes to read this 
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Man on Earth, The Marks of Man: A Survey from 
Space”. By Charles Sheffield; Published by Sidgwick and 
Jackson, London. Price: £ 12.95 




BUbunt hbad, Cattubt. 
ttmakm kt Sut RaM SwaB, Utah. 

sentence and a single Landsat scan 
covers 33,000 sq. km. 

Landsats are unique, because they 
are equipped with sensors which can 
detect reflected sunlight from the sur¬ 
face features of Earth,as no human eye 
can. This is because the imaging sys¬ 
tem scans two wavelengths in the 
infrared region in addition to the red 
and yellow wavelengths from the visi¬ 
ble region. After computerised proces¬ 
sing, the images are equipped with 
'false colours’ to make them meaning¬ 
ful to the human observer. 

The saga of the Landsats is now 
vividly brought out by Charles Shef¬ 
field, Vice-President of the Earth Satel¬ 
lite Corporation in his book "Man on 
Earth’’. He has not only packed the 
book with a large number of breafti- 
taking pictures (made available by 
Landsat), but in interpreting these, he 
provides a lucid explanation of the 
working of the satellite as well as the 
method of interpretation. For example, 
the ‘false colour’ images have their own 
colour lexicon. The larger infrared is 
usually shown as red, true red as yellow 
and true yellow as blue. Naturally, 
crops and other vegetation appear as 
shades of red, urban areas as grey or 
grey-blue, clear, deep water as black 
and so on. Once this initial confusion is 
overcome however, the pictures literal¬ 
ly speak for themselves and present us 
with a wealth of information For 
instance the polished marble slab in 
the picture of Bathurst Island in the 
extreme north of Canada (see piclute) 
represents shale, covered with a layer 
of moss and lichen. This is an immedi¬ 
ate indication of oil and gas under¬ 
neath E'ftn with respect to the popula¬ 
tion on the developing Eastern Hok¬ 
kaido Islands, Japan (.see picture) and 
the unpopulated, mystic Himalayan 
peaks overseeing China and India 
simultaneously (see picture) 

Sheffield’s “Man on Earth" is not 
just a compendium of colour plates. It 
is a chronicle of man’s achievement, at 
once making us proud and humble. 

Bal Phondkc 
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Monsoon maladies 
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Nehvdnilon dnnk io prexent and trtat 
dehvdniion In I hire of uater (1) 
(better if boiled, hut do not lo%e timel 
put 2 level tablespoons of sugar (2) or 
honey and * 4 teaspoon salt (d) and * i 
teaspoon baking soda (41 (bicarbonate 
of soda! If soda is not there, add 
another > i teaspoon salt. Also add half ' 
a cup of orange Juice or coconut water 
or a little mashed npe banana to the 
dnnk. If axailable. \ 




()( TOR tht intniMton is last 
O.U lung I nmh i sLind th,it sex vul 
disi,tses espnuillx wntn home diseases, 
atlhtt <1 Itugi numhti nl peopit in this 

sviisfin It tniL ■' 

Yes thdls tint tidstrointeiilis h (ht moj>t 
umimoii Jistdse whiLh up in the 

monsoon followed hv typhoid d\stnttrv 
chol ra and inletti\e hepatitis 
DiKtur wluil s gastmintentis^^ 
Gastroiiittritis is an mflanimation of the 
lining of tht stnma( h and small intestine 
Whiih speiifii bu(/cullies guslroenierilt^-* 
AndiVe thtie ineduines to kill these bugs^ 
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I am afraid it is not a single bug , as you call 
It vvtiith tausfs gastroenteritis Several 
hdcteria and viruses and even endotoxins 
(the toxins of terla^.i bacteria) cause gas 
Iroenleritis Whereas many of the bacteria 
respond to drugs, there is no way of 
destloving the endotoxins and viruses 
Howewr if we treat the symptoms of 
gastioenteritls very energetically, almost all 
the patients of viral gastroenteritis and also 
many cases of endotoxin gastroenteritis 
recover 

What are the symptoms of gastroenteritis^ 
The person will develop pain in the 


abdomen, accompanied by vomiting and 
diarrhoea (loose motions), and very often 
fever 

WTiaf can we do to prevent this disease^ 
First of all. never eat anything bought at 
the roadside from hawkers Even in good 
hotels, It IS best not to eat the salads or cold 
meats and order only piping hot food In 
your own home, wash all the vegetables, 
salads and fruits thoroughly under running 
water or use potassium permanganate solu¬ 
tion which IS even better for this purposes 
All cooked food should be kept covered and 
protected from flies. Drinking water should 
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gastroenteritis, typhoid, dysentery, cholera and infective hepatitis flare up 
every monsoon. The cheapest and most effective answer to the problem is 
simple rules of basic hygiene, scrupulously followed 


be boiled. The kitchen refuse pail must be 
kept covered so that It does not attract flies. 
Oh! so /lies are the mischief-makers ... 
Not only flies, but the mixing of sewage and 
drinking water is responsible for the spread 
of this disease. The excreta of infected 
patients are carried by flies to food. In a 
similar manner, sewage water carrying 
.Mected matter may contaminate drinking 
Kater particularly during heavy rains or 
wfien the pipes burst. Uncontrolled prolifer¬ 
ation of slums particularly near large water 
storage tanks or near the lakes which 
supply different parts of the city with water, 
are a terrible public health hazard, because 
night soil from these shanty towns have an 
easy access to drinking water sources. 
What is the treatment for this disease? 

In the acute form, it is advisable to have bed 
rest and to completely abstain from food. A 
moderate fluid intake is permissible when 
the nausea subsides. Antispasmodic and 
antacid drugs and some other drugs to 
I quiet the excess intestinal activity and to 
f halt the diarrhoea can also be taken. 
Haw soon do people with gastroenteritis get 
well? 

The condition usually subsides within one 
to three days. If it does not, pathological 
examinations should be carried out to 
determine the possible existence of some 
more serious underlying causes. 

How does one distinguish between the 
acute inflammation of the stomach and that 
of the intestines? 

The latter condition, is accompanied by 
violent mid-abdominal and lower abdomin 
al cramps, with episodes of diarrhoea When 
the stomach is involved, diarrhoea is not 
f present. 

Is dysentery' something like gastioententis^ 
Well, yes and no. A patient suffering from 
dysentery has severe diarrhoea with blood 
and mucus m stools. There is usually no 
vomiting. 

Is It also caused by more than one agent, 
like gastroenteritis^ 

Yes, there are two main organisms which 
cause dysentery in India. One is a hactei- 
lum. Shigella, which causes bacillary dyscn 
tery. The second is a protozoon, amoeba, 
which produces amoebic dysen¬ 
tery. Clinically, they present a very similar 
picture but examination of stool samples 
reveals the true culprit. This is important, 
because the treatment for each is different. 
What is the treatment? I understand, that 
the doctors always prescribe drugs like 
^Mexaform and Enterovioform for diarrhoea 
'and dysentery. 

Mexaform and Enteroviororm are anti- 


infective drugs containing quiniodochlor 
and are to be taken only when one has got 
amoebic dysentery. 1 am aware that most of 
the doctors blindly prescribe these drugs 
whenever there is any gastronomical upset. 
Very few of them resort to stool examina¬ 
tion which does not even take five minutes 
to ascertain the cause of dysentery. 

And I understand that Mexaform, etc have 
been banned in Japan, Europe and in the 
West... 

You are right. In these countries, these 
drugs are banned. But you should not 
forget that indiscriminate and long-term 
use of any drugs can have side-effects. 
Mexaform and Enterovioform were used 
rather indiscriminately in Japan and in 
European countries—^n an average for 
three to six months by the people and,not 
surprisingly, they experienced blindness 
and neurological problems. Used carefully 
and under medical supervision there is no 
need to worry while taking these drugs. 
In medical jargon, these symptoms are 
called sub-acute-myelo-optic neuritis 
(Smon), characterised by inflammation of 
the spinal cord and the optic nerve. 

Are there any Smon patients in India? 
To date, 12 cases with Smon-like symptoms 
have been reported in India. The number is 
indeed small, considering the way these 
drugs are sold over the counter in India, but 
still it IS not advisable to take them unless 
amoebic dysentery is confirmed and you are 
under medical supervision. 

But doctor, the same Mexaform and Entero¬ 
vioform are even sold hv the banias in our 
slum-areas. My servant once came down 
with loose motions and. my inquiries re¬ 
vealed that she had just swallowed these 
kluthf-coloured tablets bought ftom a local 
bania. 

Yes. I am aware of these things. But as 1 
said, these quinlodochlors are only effective 
for amoebic dysentery 
So what medicines does one take for 
dysentery^ 

For baullarv dysentery, antibiotics (chlor 
amphenicol and streptomycin) are normally 
given. The full course ol ttie antibiotic must 
be completed, otherwise one runs the risk 
of developing resistance to the drug. In fact, 
the bacterial strain causing dysentery has 
already developed resistance to streptomy¬ 
cin and hence streptomycin is not effective 
in curing diarrhoea due to dysentery. 
But doctor, lecently my sister wa.s given 
antibiotics, Enterovioform, Lomotil and 
what not for diarrhoea.... 

What you are talking about is 'shot-gun 
therapy', especially given in acute cases of 



diarrhoea. The doctors do not want to take a 
chance and hence prescribe all the above 
drugs. 

But Lomotil? Isn't it banned too? 

Lomotil controls excessive motility of the 
bowels. Given in proper dosage it is .safe. 
However, it is not recommended for chil¬ 
dren for it has an opium-like effect on them 
and makes them drow.Hy, especially if taken 
in excess. Additionally, toxic products of the 
stool remain in stomach and this also 
produces toxicity in children. 

Why do doctors always advise intake of lots 
of fluids during gastroenteritis, dysentery, 
etc? 

Loose motions, especial Iv watery stools can 
lead to dehydration—the loss of body fluids. 
To compensate for this fluid lo.ss. lots of 
water in any form—coconut water or 
lemon-barley water or iust plain water 
with one tablespoonful of sugar and half a 
teaspoonful of common .salt—is recom¬ 
mended. Better still is Electral' or 
'Staminade'. These powders contain impor¬ 
tant electrolytes (salts) like sodium, potas¬ 
sium, magnesiifm, calcium, etc which re¬ 
place the salts lost by diarrhoea patients. 
These salts must be replaced, otherwise, 
dehydration, especially in hot weather can 
lead to serious complications. 

Doctor, what is this ORS mature one hears 
about so much these dag/s? 

Oral rehvdration bait (OKS) solution is 
recommended as an effective first treatment 
for the lo.ss of fluids and electrolytes during 
diarrhoea. It is available as a pre-packed mix 
which I.S fu be dissolved in water before 
drinking. 

But the home treatment ol adding salt 
and sugar to water fas described above) is 
just as effective- it co.sts nothing and 
doesn’t require manufacluting, packaging 
and distribution networks This home treat¬ 
ment needs to he more mtensivelv prom¬ 
oted. for it will avert million.s of deaths due 
to diarrhoea 

tkKtof. / aho read somewhere that this 
ORS mix doe^i more hatm than good/ 

That’s only when I he water u.sed for 
dissolving the mix i.s (.ontaminated. It is 
absolutely neiessarv to dKontarninate the 
drinking water before adding the OKS mix. 
Otherwise, the mix will further support the 
growth of enteri( bacteria present in the 
water. Placed as we ate. I would recom¬ 
mend the use of home remedy as an 
effective first treatment for dehydration. 


Sucharlta A. Nanivadekar 


Dr Nanivadekar i\ t^fessor of Medkme at 
the L.T MC Medical Odtege, litmibaij. 


SCIENCE TODAY, JUNE 1984 23 



Even small amounts of vanadium makes 
steel harder, yet more ductile 


|. 



THE VITAMIN METAL «. a. n.^ 



W E all know what vitamins are. 
They are those wonderful 
chemicals which are needed 
in liny amounts but without 
them there will be no strength left in 
, the body. But this phenomenon is not 
restricted to living teings. In the in^mi- 
mate world of metals too, addition of 
certain elements, even in minuscule 
concentrations, can radically alter the 
strength of metals. Vanadium is such 
an element which helps steel overcome 
its weakness. It is therefore rightly 
called as the vitamin metal. Vanadium 
steel has brought about a virtual re¬ 
volution in the automobile industry. 

Discovery 

The discovery of Van,adium, howev¬ 
er, makes a very interesting reading for 
it had eluded identification for well 
over .30 years. Andres Manuel del Rio, a 
freedom fighter, chemist and professor 
of mineralogy at the University of 
Mexico recognised in 1801 the exist¬ 
ence of a new element in a lead ore 


from Zimapan. H.e named this as 'pan- 
chronium’ or ‘erythronium’, owing to 
its capacity to form numerous coloured 
compounds. 

Nonetheless, he could not support 
this claim on further investi^tions and 
felt that he had committed a mistake. 
He concluded that the mineral was 
basic lead chromate. Thirty years later, 
metallurgisb of the day were intrigued 
with a curious finding. Metal smelled 
from iron ores that came from certain 
deposits was found to be brittle while 
that coming from certain other de¬ 
posits was free from this drawback. A 
Swedish scientist i\ils Selfstrom set out 
to solve this mystery. In collaboration 
with Berzelius he was able to prove that 
the ores which gave the high grade 
metal contained a new element. The 
element was given the name Vanadium 
after Vanadis, the legendery goddess of 
beauty. The richness of the colours 
which the derivatives of vanadium pos¬ 
sessed attracted Wohler to this new 
metal and it was he who demonstrated 


that del Rio’s panchromium was 
actually vanadium. 

Ores and Minerals 

The characteristic properties of vana¬ 
dium known from the very beginning, as 
well as the circumstances of its discov¬ 
ery, aroused considerable interest. The 
greatest contributor to the chemistry 
of vanadium was Roscoe, who pub¬ 
lished a series of papers, about copper 
ores mined in Cheshire and was the 
first to obtain the metal in pure form in 
1898. It still contained, however about 
4 per cent impurities. 

Vanadium has about 0 02 per cent 
abundance in the earth’s crust. ’This 
level is by no means low since it is 
about 15 times more than that of lead 
and 2,000 times that of silver. Further, 
it is fairly widespread, there being 65 
minerals known, one of which is ros- 
coelite known after Roscoe. But there, 
are only a few concentrated deposits,' 
and only rarely as vanadium deposits 
properl During primary ciystallisa- 
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tions, vanadium accumulates mainly in 
the so called final phases of gatoroid 
Tocb like titanoma^etites and pyrox¬ 
enes. Vanadium is also scattered in 
metasilicates and sulphides. It is en¬ 
countered together with phosphorous 
and also with substances of organic 
origin. Interestingly enough, it is en¬ 
countered in ferrous sedimentary 
V rocks, in some coals, asphalts, bitu¬ 
mens and in petroleum. The meteorites 
which hit the earth contain much more 
vanadium than earth's crust. The solar 
radiation spectrum also contains a 
number of vanadium lines supporting 
the suspicion that there must be richer 
deposits in our galaxy. 

Another interesting ore is consti¬ 
tuted by petrified plant residues which 
possess sorbed vanadium salts. This 
element was identified in the bodies of 
a variety of plants and certain sea 
animals like sea urchins, ascidia and 
especially sea cucumbers, whose blood 
contains as high as 18.5 per cent 
vanadium. Vanadium is thus seen to be 
a biologically important element, ow¬ 
ing to its catalytic activity. Scientists, 
in fact, have been trying with the idea 
of extracting vanadium by using 
marine animals. The Japanese have 
started having plantations of ascidians 
along their sea coast. This ‘live’ ore 
contains vanadium in a concentrated 
form and hence extraction might prove 
to be somewhat easier. The more 
important minerals of vanadium are 
patronite, vanadinite, camotite, ros- 
coelite, mottramite, descloisite and 
tynyamunite. 

Metal purification 

The United States is the largest 
producer and consumer of vanadium, 
the bulk of the output being a by¬ 
product of accelerated uranium pro¬ 
duction programme. It continues to be 
a coproduct of the carnoliteturanium 
containing ores of Colorado, which 
contain 1 to 2 per cent vanadium. The 
only other leading producers of vana¬ 
dium in the Western world are Finland 
and South Africa, although several 
' ottier potentially recoverable deposits 
are known to exist in Northern Rhode¬ 


The diverse uses of vanadium range from the 
manufacture of special hard steels to making of a 
reusable photographic developer 


sia, Peru, Venezuela, Prance and in 
Katanga. 

The variable constitution of vana¬ 
dium ores is responsible for the variety 
of the procuring methods. The com¬ 
mon objective, however, is to obtain 
some intermediate compound say a 
pentoxide, V 3 Os or a vanadatewhich Is 
then processed to ferrovanadium for 
steel industry or to pure vanadium 
compounds and to metallic vanadium. 
The pure metal is very difficult to 
prepare, principally because it com¬ 
bines readily with carbon, hydrogen 
and nitrogen. The principal general 
methods for the production of pure 
metal are reduction of either chlorides 
or oxides and the thermal dissociation 
of di-iodide, the latter method yielding 
more than 99.5 per cent purity. It is 
also possible to produce very high 
purity (nearly 99.99 per cent) metal by 
electrorefining. 

Special propertlea 

The greyish-silvery pure metal is 
both malleable and ductile and can be 
cold-worked into a foil. However, even 
small amounts of certain impurities 
such as hydrogen (less than 0.01 per 
cent) can cause embrittlement and 
modi^ other properties significantly. 
The metallic vanadium has thermal 



conductivity similar to that of iron. It la 
light with a density intermediate, be¬ 
tween that of titanium and iron. This 
property had helped the French during 
World War I to carry a field-gun aboard 
an aeroplane Instead of the usual 
machine gun. The Germans were natu¬ 
rally quite agitated. 

Notwithstanding its lightness the 
metal is pretty hard. The hardness has 
been variously estimated to be 5 to 7.5, 
the lower limit being probably more 
appropriate for pure metal. This com¬ 
bination of Hotness and hardness 
made vanadium steel an ideal nuderial 
for making soldiers helmets and 
armour. Their weight was bearable and. 
yet afforded excellent protection from 
bullets and splinters. The metal has 
good structural strength and a low 
absorption cross section for fission 
neutrons which are responsible for its 
use in nuclear technology. The metal is 
also used in producing rust-resistant 
springs and high-speed-tool steels. 
Vanadium has good corrosion resist¬ 
ance to salt water, to air at ordinary 
temperatures and to some acids as well 
as alkalies. 

Vanadium is an element of excep¬ 
tional importance in modem technolo¬ 
gy. Its greatest uses are in the produc¬ 
tion of special steels, since it has 
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; unlimited solubility in alpha-iron. Its 
pronounced tendency to carbide forma- 
tion makes vanadium a beneficial addi- 
! tive in steels. In its presence the 
Structure of steel becomes fine grained 
. and uniform, increasing the ductility 
and also improving mechanical prop- 
' erties such as hardness. These are 
exactly the properties which make 
vanadium steel eminently suited to the 
needs of automobile industry. It may 
also act as an antioxidant, reducing the 
; solubility of oxygen in steel. Cast iron 
containing vanadium enhances its ten- 
sile strength enabling its use for the 
1 manufacture of rolling-mill rolls, dies 
for cold punching and other machine 
f parts. Vanadium is also a constituent 
' part of a special steel for the production 
’ of permanent magnets containing on 
; an average 10 per cent vanadium, 50 
; per cent cobalt and 40 per cent iron. 

The high corrosion resistance per¬ 
mits use of some vanadium-copper 
alloys for making machine parts like 
propellers for ships in sea water. Vana¬ 
dium bronzes are used for certain key 
parts of machines and hard vanadium- 
gold alloys in dental .surgery. 

Owing to the advances made in the 
production technology of malleable 
vanadium, the metal and some of its 
alloys are now used as structural mate¬ 
rial. It is particularly useful for nuclear 
reactors, owing to its high melting 
point and resistance to certain melts. 
On the other hand, vanadium acts as a 
sort of solvent for uranium facilitating 
melting of the latter This allows easy 
formation of uranium vanadium alloys. 
Consequently in certain type of reac¬ 
tors requiring molten uranium, vana¬ 
dium has proved to be an invaluable 
asset. 

Compounds 

Vanadium forms numerous classes 
of compounds because of its ability to 
exist in many oxidation stales, to serve 
either as a metal or a non-metal. 
Among these compounds of vanadium 
the brick-red pentoxide (V:^ 05 ) is the 
most important one. The pentoxide 
loses oxygen reversibly in the region of 
TOO** to 1125'* C a phenomenon which 
may account for its catalytic properties. 

I , 
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The future of vanadium in India is closely linked to the 
revolution taking place in the automobile industry 


It IS well known, that this catalyst has 
replaced platinum in the contact pro¬ 
cess for the manufacture of sulphuric 
acid, the key heavy chemical of all 
chemical industry. This is not only 
because vanadium is cheaper but also 
because it is not poisoned 1 ^ arsenic for 
the oxidation of sulphur dioxide to 
trioxide. It also catalyses the sulphona- 
lion of aromatic hydrocarbons, or pyri¬ 
dine or naphthalene and its substitu¬ 
tion products by air and the reduction 
of aromatic hydrocarbons by hydrogen. 
It has been recently shown that both 
the single crystal and molten VjOs 
possess peculiar electrical conductivi¬ 
ties prompting their possible use as a 
semiconductor. 

Certain oxo-vanadium species, parti¬ 
cularly vanadyl sulphate, find an im¬ 
portant use in analytical work as a 
reducing agent. Ammonium orthova¬ 
nadate gives a sensitive test for cocaine 
and other alkaloids containing benzoic 
acid groups. It is thus finding increas¬ 
ing use in forensic science. 

Vanadium compounds impart colour 
to glass. The light absorption by the 
glass varies in accordance with the 
relative proportions of tetra-and penta- 
valent vanadium. The colour of the 
glass IS yellowish-green if this ratio is 
0.5 and turns to orange-yellow when it 
falls to 0.2. These properties have led to 
vanadium being used for protecting the 
eyes from ‘actinic* rays ( 0.2 per cent 
vanadium cuts out all wave lengths 
below 3580 A). It is therefore included 
in eye glasses, show windows, house 
window-panes and for avoiding de¬ 
terioration of nitrocellulose in plastic 
layers of safety glasses. 

Vanadium salts have been recently 
used in medicine too, though in 
minute quantities (0.00025 g of V 20 is in 
dilute solution no^ more frequently 
than a twice a day) because of their 
■ oxidizing and stimulating effect and 
also as an antiseptic. Vanadium salts 
stimulate plant growth and their use as 
a trace metal in fertilizers is suggested. 
.Some experiments in Argentina have 
shown that inclusion of vanadium in 
pig's feed helps enhance their appetite 
and makes them gain weight fast. 


Vanadium compounds are, however, 
toxic, the maximum permitted quanti¬ 
ty of V 205 dust in air being 0.5 m^m* 
and of V 2 O 5 fumes, 0.1 mg/m^ 

Finally it is needless to say that 
vanadium salts are used as a consti¬ 
tuent of pigments, particularly in 
printing inlu. A solution of ammonium 
vanadate and gallic acid is known even^ 
from the days of Berzelius. They are^ 
used as a dryer in paint and varnish 
industry, and also in dyeing processes 
as catalysts as well as mordants. In the 
dyeing process, the vanadium salts 
reduce the catalyst cost enormously as 
against the till recently used copper 
salts. In photography, vanadium pento¬ 
xide is used as a ‘perpetual* developer. 
For this purpose it is dissolved in 
sulphuric acid, diluted with water and 
reduced by zinc. This developer can be 
easily revived by reducing it again with 
zinc. 

Indian Scene 

Development of vanadium mining in 
India is almost non-existent. One of the 
reasons being the poor availability of 
significant deposits. The little quantity 
of vanadium that is available is as a 
by-product in the uranium as well as 
aluminium processing. The Uranium 
Corporation of India Ltd as well as the 
Atomic Minerals Division now have 
ongoing programmes for purification 
of vanadium. Laboratory research is 
also being conducted at the Bhabha 
Atomic Research Centre. Another pos¬ 
sible reason for the indiflerence to this 
important metal is perhaps the lack of 
prospective application in the existent 
industry. The midor user of vanadium 
even in the developed countries is tlie 
automobile industry. Recently, the lat¬ 
ter has been showing signs of under¬ 
going a virtual revolution in India. It is 
to be expected that this should act as a 
tonic for this vitamin among metals. 
The very recent finding of placer de¬ 
posits of ilmenite containing as high as 
0.5 per cent vanadium along the Konk- 
an coast in Maharashtra should provide 
further fillip in this direction. 

□ 

Prof, Nabar is Head of the Department of 
Okemistry, Bombay University. 


WHAT’S IN A NAME? 


F or this month's quiz we return to scientists. If you remember, we had 
earlier set a guidon “giants immortalised in the annals of science (Of Bose 
and Bowman, January 1984)*’. This month's quiz is as biographical as it is 
scientific. The 10 terms given here all have their origins in names—usually 
that of their discoverers. Choose the best alternative given with each, and sec 
how much you know about them. Answers on pages 72, 73. 


t 

(1) Putcurisc: 

(A) To remove butter from milk. 

(B) To sterilise, using heat. 

(C) To filter. 

(2) Galvanise: 

(A) Coat with zinc. 

(B) To charge batteries. 

(C) To collect something. 

(3) Angstrom: 

(A) Unit of length. 

(B) Unit of speed. 

(C) Unit of optical intensity. 


(4) Watta^: 

Describes amount of power. It 
derives from the name of a— 
(AT Scottish engineer. 

(B) German scientist. 

(C) Swedish physicist. 

(5) Fallopian tuks: 

Name of tubes connecting— 

(A) Ovaries and uterus. 

(B) Heart and lungs. 

(C) Kidneys and bladder. 

(6) Magellanic: 

Describes— 

(A) A large body of water. 


(B) Deep sea. 

(C) A galaxy. 

(7) Vulcanise: 

Method of treating— 

(A) Oxygen. 

(B) Rubber. 

(C) Wood. 

<8) Daltonism: 

(A) Generally accepted atomic 
theory. 

(B) John Dalton's philosophy. 

(C) Form of colour blindness. 

(9) Bnllle: 

(A) By ancient Greeks. 

(B) By the blind. 

(C) In coded, secret messages. , 

(10) Celsius: 

Temperature measuring scale, 
named after— 

(A) Swedish astronomer. 

(B) Roman scientist. 

(C) British chemist. 



Special triplet 

I F three persons are inler<related or if thev 
are totally unrelated, they will be said to 
form a special triplet In a set of any six 
persons, can you show that there is ^least 
one special triplet? 

Here is a hint to make things easy for 
you Represent the six persons by six points. 
If any two persons are related, join the 
corresponding points by a black line, other¬ 
wise, by a red line. Thus, join all the six 
points in pairs by J5 lines some ot them 
coloured black and some red. We have now 
only to show that there are always three 
points among the six whose three joins are 
of the same colour. 

(Solution next month) 

A, R, Rao 

Mr. Rao is with the Vikram A. Sarabhai Coot- 
munity Science Centre, Naorangpura, Ahme- 
dahad. 


Solution to Mity teaser 

Who keeps lovebirds? 


The method of logical elimination gives 
us the result. Let us start with the 
De.sais who live on the southern side and do 
not keep a bird (sentence 6). The Desais live 
across the Herdias (sentence 1) who live 
east of the Watals (sentence 7) who live 
directly across the Anejas. 


2 

4 

6 




1 

3 

5 


Bendres 

Parakeet 

Watals 

Lovebirds 

Herdias 

Porrot 




Pathaks 

Bluejay 

Anejas 

Canary 

Desais 

No birds 


The Desais do not keep a bird and live on 
the southern side (sentence 6). so the 
lovebirds are kept by the Watals, the parrots 
by Herdias and the Bendres live in apart- 
ment 2 (sentence 3). Thus the Herdias live 
in apartment 6, the Desais in apartment 5, 
the Watals in apartment 4, the Anejas in 
apartment 3. and by elimination, the 
Pathaks live in apartment 1. The parakeet is 
kept by the Bendres (sentence 4), the 
bluejays by the Pathaks and by elimination 
the canary is kept by the Anejas (sentence 2) 
because the Desais do not keep a bird. 


SCIENCE TODAY, JUNE 1984 27 









* i- ^ 


Only Fodhan’s has 

an exclusive astringent that strengthens gums. 
And teeth last longer, when your 
gums are stronger. 


^ 0 ^ 






••••••••• 


Dr. K. J. Forhan, an eminent American 
dentist put an exclusive astringent 
into his toothpaste 

1. An ingredient that acts directly on 
the gums, and actually tightens them 

2. Making them strong, and giving 
them a Ixrtter grip on your teeth 

3. Thus giving teeth a tirmci foundation, 
and a longer life. 


m I 


The toothpaste created by a dentist j 



^riian^ -tlie toothpaste created fay adendst. 
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PRODUCT AS SUM OF 
SQUARES 


I P ANY two numbers of the series 2, 13, 
74. 185, 346, 557. 818... are multiplied 
together, the product can be expressed as a 
sum of squares in an interesting way. Tlius. 
2x13 = 5^+!^ 2x74=12^ + 2-'; 
2xl85=19- + 3^ 2x346 = 26‘ + 4=; 
2x557=33*+5'; 2x818=40*+6': and 5,12. 
19. 26. 33. 40... form an arithmetical 
^egression (AP) with a common difference 

Again, 

13x74 = 31^-t V: 13x 185 = 49- + 2^ 
13x346=67“+3^; 

13x557 = 85‘ + 4^ 13x818=103“ + 5*; 
13xl29=121'+6'’: 

74x185-117 + 1: 74x346-160+2', 
74x557=263*4 3': 74 x 818= 246^-4 4^ and 
so on. where 31. 49. 67, 85 . and 117, 160. 
203, 24b .. al.so form Ai’. 

As a matter of fact, the numbers of this 
series can be obtained by varying the values 
of h in 

M,,=(4h- l)-’+(3h-l)^=25h'-14h+2 
\ For h=0. 1. 2. 3. 4, 5. 6. 7. 8, we have. 
/Mh-(-l. -1): (3. 2): (7. 5): (11. 8); (1.5, 
' 11); (19. 14); (23.17); (27,20), (31,23) and 
so on, 

=2. 13. 74, 18.5, .'Mb. 5.57. 818. 1129, 1490 
and s(» on. where we have, tor the .sake of 
convenience, used (a.b) as an abbreviation 
tor (a +b-) 

An associated form is Nh 
(4h + l)- + (:}h+l)' = 25h^+14h+2 For 
h=0.1.2.3.4. 5. we haveNh=(l. 1); (5,4); 
(9, 7). (13.10). (17.13); (21.16); and so on; 
=2; 41. 130, 269; 458; 697; and so on. 

The products of any two numbers or the 
product of M and N can also be exhibited as 


sums of two squares where one set of 
members form an ap. Thus. 

41xl3()-=73* + l . 41x269=105 +2: 
41x4.58=137 +3-: 41x697=159 +4 : and 
so on. 

13x2=5 + 1-: 13 x 41=23-+2: 
13x130=41^+3^- 13x269=59^+4': and so 
on. 

A theorem, originally attributed to 
Brahmagupta, states that: 

(a'+b-) (cHd=‘)=(ac+bd)^+(ad-bc)' = 
(ac-hd)-+(ad+bc)'. 

If we set a=4h-l, b=3h--l, c=4k-l. 
d=3k-l, the use of this theorem gives 
(after some simplification) 
MhMK=(25hk-7h-7k+2)-+(h-k) 

= (7hk-h-k)* + (24hk-7h-7k + 2)^ 
Therefore, we have, 

13x74 = ll- + 29^: 13xl85«17*+46-; 
13x346=23^+63^; 

13x557=29*+80*; 13x818=35=+97'; 
13x1129=41=+114* 

Here, 11, 17, 23, 29. 35, 41; ... form an ap 
while 29, 46, 63. 80..97, 114 ... form 
another ap. 

R. Kothandaraman 

Mr Kothandaraman is a retired Commissioner 
of Income Tax from Hyderabad. 


How to get 
palindromes 

P ALINDROMES can not only be obtained 
from 1089 and its derivatives (SCIENCE 


TODAY, July 1982. p. 57) but uiso from a 
number of upside down numbers. 

An upside down digit is one which when 
written upside down gives the same digit or 
some other digit among the nine digits we 
know. Thus 6, 8 and 9. are upside down 
digits in addition tu 1 and 0. Digit 3 al.so 
may be included as its uppei and lowei 
parts are same. Making use of the ahox'e 
digits we can form many upside dowm 
numbers. But to produce palindromes, an 
upside down number .should confirm to the 
following: 

Either last or the first digit .should be an 
upside down digit excluding 1 and 0. all 
other digits being the upside down digits. 
Secondly there should at least be as many 
ones or zeros. a.s the number of upside * 
down digits in the number. I.astly. 3. 9 and 
3, 6 should not be the first and last or last 
and first digits of the number respectively. . 

Thus 110339 IS one upside down number 
formed sathslying all the above conditions. 
We can produce the palindromes from it as 
below: 

(i) 110339 + i 10336 = 220675 
220675 + 576022 = 796697—a palindrome 
and (ii) 16 + 19 = 35 
35 + 53 = 88 - a palindrome 

Thus all the numbers 11163.1099.1039, 
106,108, 16 etc. are upside down numbers 
from which palindromes can be produced 
while 169, 190, 3016, 18889 etc. are not. 

D. Venkateswani Rao 

Mr. Rao a student at the Engmeenng College, 
Anantpur, Andhra Pradesh 


Law-abiding caterpillars 


A BODY suffers a loss in weight 
tfhen immersed in a fluid, and this 
loss is equal to the weight of the fluid 
displaced. 

(Principle of buoyancy of 
Archimedes) 


A truncated 'caterpillar' at power 3 level also suffers a loss in weight when its tail Is 
restored to it, and this loss is equal to the weight of the disconnected appendage. 



lP+10'+y+!8=+7H6^+5^+4’+3=+2'+r 

11+10 +9+i8 +7+6+5 +4 +3+2+1 

▲ 

ip+iaH9* 


11 +10+9 


= 66 


^102 


8H7»+6»+5=+4'+y+2^+1 * 
8+7 +6 +5+4 +3+2 +l 
102-36-66 


36 


A. R. Kanga 
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Can potholes be far behind? 

Mshvms B. Dhekno^ 




As we rush as we rush 
tn the ram 

The trees and the houses go bumptng 
bade,. 

But the starry skies aboue that plain 
conw flying m our (holey) track... 

Sunday at Sion 

With apohgtes to James Thompsorh 

P OTHOLES are as old as roads 
and wheeled transport Soon af¬ 
ter the invention of the wheeled 
vehicle came the bumps and 
splutters, the price of high speed 
even if it was only ten or fifteen miles 
per hour' Man’s endeavour to make 
travel more comfortable was two¬ 
pronged—better wheels and shock- 
absorbers for the wheels, and, better 
roads, roads without ruts and potholes 
The Romans were great road- 
builders But surely their roads were ^ 
far more bumpy than one might im¬ 
agine. And no less a person than the 
poet Horace complained bitterly about 
that marvel of ancient times The 
Grand Appian Highway' The first 
efforts at making good, stable roads 
were initiated by Mr John Louden 
McAdam, born in 1756 in Britain He is 
immortalised by the term “Macadamed 
roads” He proved that when evenly 
broken stones, called metal m engineer 
ing parlance, are smoothly laid and 
rolled they become locked in a firm 
mass without the help of clay He built 
roads without clay or earth But even 
his roads could not shrug off potholes 
Why? 

Before we tackle the problem of 
potholes, let us first consider an im¬ 
aginary, perfect road What are its 
characteristics? First, of course, it 
must have a good, firm base to handle 
the traffic Vehicles, whether stationary 
or in motion, exert pressure on the 
road surface. These pressures are borne 
down by the body of the road down to 
the natural layer of earth which can 
safely carry the pressures without 
being permanently deformed. This 
layer must be flexible it is compress- ^ 
ed by pressure but must spring b^ to ' 
Its original state when the pressures 
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potholes have b«^ juggling spines big and small, % 

famous and infamous. If we can’t eliminate them 
entirely, can w€; at least control these pesky 
“mini-craters" which are the bane of the car-owner’s life? ' 


are off. Indeed if the base be so good 
why have a road at all, why not ri^ 
directly on the earthem base? Now this 
cannot always be, because these natu¬ 
ral layers of earth are not able to take 
the pressures that the wheels cause. We 
need to water down the pressures a 
little, or in engineering jargon “dis- 
'aperse” the forces down through the 
body of the road to an acceptable level 
at the base. The pressure-resisting 
quality of the earth layer is assessed 
by the California Bearing Ratio 
method.* As you must have rightly 
surmised, it follows that what we have 
been calling the “body” of the road (see 
diagram) has to be stronger than the 
base earth layer, the upper layers 
stronger than the lower ones. Just 
above the natural layer we often have a 
100 mm granular soil coat. After 
. sprinkling a pre-determined amount of 
I water, this surface coat is compacted by 
roadrollers, or even by hand, to a 
thickness of 75 mm. Field tests are 
then carried out to determine if the 
degree of compaction required has 
been achieved. A common field test is 
to find whether a certain percentage 
(usually 90 to 95 per cent) of “Standard 
Proctor Density”** has been achieved. 
Then, depending on the type of traffic 
expected and the quality of the base 
layer, more such compacted earth 
layers may be specified. These may be 
followed by W. B. M. layers, that is, 
^ water-bound-Macadam layers. These 
layers are made of hand-broken “met¬ 
al" stones (55 mm to 90 mm in 
diameter) all broken from hard rock. 
These layers are “bound” by noh- 
plastic stone or brickbat powder with 

express an index of the shearir^ 
strenpthofsoil. The resistance the sod 
to penetration, expressed as a percen¬ 
tage of the resistance for standard 
crusted stone', is the CB.R, Thus, a 
CB.R. of 50 means that Ote toad in psi 
necessary to the penetrate a piston into 
die sou sample to a spedfkd distance is 
one-haff the hoi needed to drive the 
same piston up to Hie same ^stance in 
crushed stone. 

^ **Statdkpd proctor density: every sod 
has a maximum dry dmsi^ at an 
optteuem moisture content. 


light moisture content. They, too, are 
laid in 100 mm 1^ rs and compacted 
down to 75 mm. In the finalised road 
surfoce they usually form a total thick¬ 
ness of around SCO mm. The surface 
coat usually consiists of hot-mixed 
asphalt Macadam with 45 per cent 
bitumen of 30/40 penetration. The 
bitumen as laid now, is of 75 mm 
thickness. This layer is topped of with a 
chip-coat of asphalLib concrete having 
6 per cent bitumen content laid to a 
thickness of about 60 mm or more 
depending upon traffic conditions and 
roiled to a smooth finish. We have so 
for been discussing an “ideal” example. 
Actual conditions vary from place to 
place. The ideal road would also have to 
have the right type of traffic, that is; no 
over-loaded vehicles, ideal tyre press¬ 
ures and braking pressures, and, ade¬ 
quate drainage of water at the base 
layer. The top layer should also be 
sloped to drain off the water through 
unciogged storm water drains. Where¬ 
ver an area is expected to be water¬ 
logged, at intervals toe walls should be 
provided to prevent the road construc¬ 
tional material from being washed 
aw^. Fibre-reinforced fobric may also 
be used to drain off the water and to 
prevent the mbung of the layers. Where 
the road rises above the surrounding 
naturai terrain, the sub-base will have 
to be built after the right compaction 
and after providing the proper retain¬ 
ing walls on the sides to stabilise the 
earth. This, in short, is an ideally- 
designed, ideally-built, ideally-used, 
and ideallly-maintained road. Can even 
such a ro^ develop potholes too? All 
conditions being ideal, one expects no 
potholes. The road would have to be 
resurfaced; that is, in the case of 
asphalt ro^, the top wear coat would 
have to be replaced/repaired every four 
to five years. And in the case of cement 
concrete roads, the Joints in the con¬ 
crete pnvement would have to be filled 
in every ten or twelve years. Cement 
concreU roads would wear very slowly 
indeed and resurfacing would be re¬ 
quired perhaps not earlier than 25 
years. However, the impermeable qual¬ 
ity, of not permitting water into ffie 


“body” of the road, would in this ideal 
road remain constant or would deterio¬ 
rate uniformly between resurfacing 
periods. The road might “settle”, but it ' 
would be again uniform and would 
make the road stronger rather than 
weaker. In the process the road mate¬ 
rial would interlock more closely. Iliis 
would make it stronger with the pas¬ 
sage of time. However, this expectation ^ 
is belied whenever heavy loading 
occurs. For instance, four million rep- 
titions of standard axle load of 8165 kg 
are enough to uproot the entire strue- ' 
ture of roads built on the concept of the *- 
California Bearing Ratio. Why does this 
happen? In concrete pavements, a phe¬ 
nomenon called “pumping” is respon¬ 
sible. It refers to squirting up of water 
under the pavement at joints, which 
eventually can destroy the pavement. 
This however occurs only on roads with 
a base and sub-base of high clay-silt con¬ 
tent. By providing granular material like 
sand and graxfcl, pumping can be pre¬ 
vented. Such ideal roads do exist. The 
trans-continental system of Inter-State 
Highways in the USA comes very close 
to being ideal. The roads pass through 
terrain varying from desert sands to 
marshy swamps, from areas with tem¬ 
peratures as high as 120°F to those 
under sub-zero temperatures and con¬ 
stantly under snow. This is not to siQf 
that they never experience failures but 
they represent points where their ideal¬ 
isations have failed. Deserts, areas with 
quicksand conditions, muskeg, 
swamps, freeze-thaw cycles, etc, pre¬ 
sent formidable challenges and re- 
.search is still being conducted to over¬ 
come them. In such cases what consti¬ 
tutes an ideal road is also being resear¬ 
ched. 

It follows that whenever one deviates 
from tlie ideal conditions, one has 
failure of the load. The most 
common cause is lack of adequate road 
drainage, that is, removal of water from 
the road surface as well as from the 
sub-grade. Clay or silt content in the 
base and sub-base leads to volume 
changes. Clay expands with water. It 
cracks up and shrivels with loss of 
moisture. This moves the metal from 
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the aggregate and can form a sort of 
tunnel through which the binding 
material can be washed away The 
external manifestation of this internal 
problem is a pothole The same sort of 
action takes place in areas which have 
freeze-thaw cycles, where entrapped 
water freezes and forms ice which 
occupies a greater volume than when it 
IS in the liquid state This pushes the 
particles of the aggregate apart, or can 
even pulverize the aggregate On thaw¬ 
ing ice turns to water and is drained 
off, leaving a cavity behind The cavity 
IS filled loosely by the adjacent aggre¬ 
gate caving in from above The cavity 
thus progressively creeps upward to the 
road surface where it becomes a 
pothole How then do you drain the 
sub-soiP By using good granular filter 
material in the sub-base with longitu 
diiM side ditches with gravel and brick 
dinal side ditches with gravel and 
brick ballast, bv providing porous 
towards the side, rain water can be 
drained away If water does not remain 
upon the road surface 12 hours after a 
good hard spell of rain, one may 
conclude that it has a good surface 
drainage The side ditches must also 
not have any stagnant water left 


Sometimes stones used in the chip- 
coat (or under it with bitumen or tar 
acting as binder) have greater affinity 
for water than for the binder. Conse¬ 
quently, the binder is displaced by 
water, resuiting in poor bonding and 
eventual deterioration of the road. 
When a road is well drained, the effect 
of moisture in the sub-base or base or 
sub-grade does not affect its load car¬ 
rying capacity 

Nevertheless, roads have often to be 
built in areas that are water-logged In 
such cases it might be necessary to 
build cut-off diaphrams within which 
the dry road could be built with a 
system of pipe drains. Alternatively, 
soil stabilisation or, stone piles or a 
bridge type structure might hiive to be 
used to suit the conditions This calls 
for surveys by experienced engineers A 
wrong decision often results in unen¬ 
ding repair work 

Another reason why potholes are 
formed is insufficient or incorre ct com¬ 
paction ot the various base or sub¬ 
grade courses. Loose compacUor leads 
to rearrangement of the aggregate 
metal when loads an appli^. Even 
without any loads, this reaiiimment 
can take place. Thu causes lacunae or 


cavities which eventually lead to die 
collapse of the'surfece, causing a 
pothole. However, not all soils need to 
be compacted. Some soils are naturally 
"strong” and further compaction may 
even lead to a loss of strength due to 
destruction of the internal soil struc¬ 
ture. One instance of this occurs in. 
places where the road is cut inside clay. 
Compaction also needs to be uniform 
and m accordance with anticipated 
traffic loads. On multilane highways 
the outer lanes naturally expenence 
heavier traffic while the inner lanes are 
only used by foster-moving lighter 
traffic. These factors need to be taken 
into account while road-building. Else 
differential settlement between the 
lanes begins. It starts along short 
stretches first at places where overtak¬ 
ing vehicles undergo a bump, causing 
dynamic impact. It has been proved 
that impact of the axle load from a 
height of 75 mm increases the distress 
on the road by more than 50 per cent. 
Thu sort of impact is also caused when 
a trench is cut across a road and then 
refilled. When the filling is overcom¬ 
pacted and made stronger than the 
road on either side, it does not settle 
along with the road but stays up. Thus 
It causes impact forces. If on the other 
hand, the trench is not as well com¬ 
pacted, It "sinks" and again causes 
impact forces. Such a situation can 
only worsen and it is one of the 
commonest reasons for the formation 
of "trench ditches” across the road. 
Often when a trench u cut, it loosens 
the body of the road on either side. 
Subsequent filling of the trench, even if 
it IS done correctly, might not be 
sufficient since the loosened sides will 
cause settlement adjacent to the 
trench All over our country after a 
road has been resurfaced, traffic u 
often allowed to pass over it before the 
bitumen or tar asphalt has had time to 
set Thu causes removal of the blindage 
as well as binder and destroys the 
impermeable waterproof quality of the 
surface. Water can then seep into the 
road "body" and cause the damage- 
described earlier. Excessnie binder, 
whether tar or bitumen, or in- 
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Rural roads, far l^om the madding crowd, ought to be 
relatively strcss-l ree. They arc not. Some are subjected 
to the worst load ing imaginable 


sufficiently heated bitumen (at the 
time of application) and poorly spread 
binder cause the blindage to float. This 
leads to the binder being squeezed out. 

Tlie binder has to perform the im¬ 
portant function of holding together 
the interlocked aggregate. If the aggre¬ 
gate is wet or has dust on it, it does not 
adhere to the binder. Also, the wrong 
Kind of binder results in loss of adhe¬ 
sion. The binder is selected on the basis 
of the expected traffic. The qualities to 
look for in a binder are its adhesion to 
aggregate and resistance to water. One 
must also consider the temperature at 
which it is to be applied, how hard it 
becomes upon setting, how tempera¬ 
ture affects it, how viscous it is, what is 
its “penetration”, whether upon reduc¬ 
tion of viscosity it becomes brittle and 
cracks up, etc. A wide range of tar and 
bitumens are available for every type of 
use. The designer has to choose the 
right combination. When it rains just 
after the road is built, there is de¬ 
terioration and potholes are certain to 
be formed in such locations, since the 
top coat becomes permeable to water. 
O^rheating of the binder prior to 
application drives out volatile oils lead¬ 
ing to brittleness. Braking of vehicles 
causes longitudinal forces on the pave¬ 


ment. This causes strai ns in the pave¬ 
ment. The part in front gets compress¬ 
ed while that at the bac k of the fyre is 
under longitudinal tension. Thus dis¬ 
tress is to be expected at intersections 
of roads where braking and restarting 
are most common. 

The roads in our rural areas are often 
just water-bound macad am roads with¬ 
out any surface treatmient. These are 
subjected to some of the worst loading 
imaginable, namely, narrow steel-shod 
bullock-carts loaded ^vith produce 
which causes pressures measured 
almost 500 times tho.'ie caused by 
pneumatic tyres. Moreover, we also 
have tractors and truclks plying the 
same route. The extremis stresses due 
to the steel tyres causes the stones in 
the WBM to be pulverised systematical¬ 
ly. The damage is accelerated by the 
fast-moving rubber tyres of trucks; 
these create a partial vaci:uum behind 
the wheel and literally stick the stone 
dust out of the road. Since the paths of 
the carts and trucks are fixed due to the 
narrowness of the roads a "ong “rut” in 
the road is a predictable c onsequence. 
The centra] portion of the road, which 
is seldom used, sticks up. This, com¬ 
bined with the action of the rains 
which wash out the loose binding dust, 


leads to a rapid deterioration of the 
roads. This phenomenon is especially 
noticeable in areas like in Kolhapur 
and Karad in Maharashtra where rapid 
agricultural development has taken 
place. 

Overloading of roads also causes 
settlement and deterioration. Over¬ 
loading can be of two types: one 
resulting from a literal overload on 
axles and the other resulting from 
speeding. When a vehicle moves it has 
a certain momentum (mass x velocity). 
Due to the property of inertia it tries to 
keep its velocity but due to traffic 
conditions the vehicle has to change 
direction and speed. Thus forces have 
to be applied to cause these changes. 
Ultimately these forces are passed on to 
the road. If the vehicles are moving at 
speeds greater than the design speeds, 
overloading is inevitable. 

That in essence in the life-history of 
a pothole. As examined earlier, its 
geneology if complex—remember 
many factors and many agencies lend a 
hand in the genesis of a pothole, which 
rattles your spine and wrench your 
muscles: □ 

Mr. Dhtkney is a consulting structural engineer, 
lie ha^ a n Tech from 11T' Bomhaii and */.S. 
from Oklahoma State InwersUg 


Price of folly 

Vishwas B. Dhekney talks to Mr. J. R. Patwardhan, 
Director, Special Engineering and Project, Bombay 
Municipal Corporation. Oii the pitfalls and potholes of 
our city roads 


How do ymt refill the trenches that are 
dug in the road? What method of 
compaction do you use? 

The material fliat comes out of the 
trench itself is used to fill it up. To 
compact a deep trench, one should 
flood it with water and follow it up by 
using mechanical aids like plate vibra¬ 
tors, earth masters or by regular po- 
' wer^ rollers if the width of the trench 
t is sufficient. This should be used to 


compact the top 1.2 metres. This 
operation is sometimes negluicted dur¬ 
ing re filling of the trenches and it 
gives rise to uneven settlement and 
subsequent problems. 

The degree of compaction is tested 
by the field density test and it is 
normally necessary to achieve 95 per 
cent of the laboratory density. To drain 
sub-soil water, drains are provided. 
Iliese are loose jointed unbun it stone¬ 


ware pipes, covered by granular metal, 
running along and across the roads 
below the subgrade and ultimately 
connected to suitable discharging 
points. When you don’t provide such 
drains, naturally problems are bound 
to plague your roads. 

What measures are taken to stabilise 
roads on reclaimed land? 

The filling on reclaimed land is done 
layer by layer and compacted with 
fiptimum moisture content. But many 
a time the required standards of the 
method are not observed. If the virgin 
soil IS blue marine clay the initial 
consolidation is achieved by providing 
sand drains. Compaction also is 
achieved by providing sand layers at 
every one metre depth, In the ca.se of 
roads built on such reclaimed soils, the 
final wearing coat is provided after two 
to three years. However, for the past 12 
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Water is the prime enemy of asphalf. Thus a road 
already undi^r stress rapidly develops potholes in 
monsoon 


years it has been found that the wear¬ 
ing coat of some roads like the Eastern 
Egress Highway is required to be 
renewed every year because of the 
uneven settlement. 
fkm do concrete pavements compare 
in cost to asphalt? 

With the existing price structure, a 
concrete road of the specifications 
mentioned earlier, costs approximately 
Rs. 200 per square metre while an 
asphalt road costs Rs. 160 per square 
metre. A cement concrete road lasts for 
more than 20 to 25 years, while a 
asphaltic road has a life of 10 to 15 
years. Moreover, even during this 
period the a.sphalt road needs rejuvena¬ 
tion in the form of a chip coat every five 
yedrs whereas the cement concrete one 
needs only refilling of the joints and 
dressing every 10 years. 

Asphalt melts in summer and is worn 
out or forms lumps. Then the rains 
fyOow. Does this chain of events cause 
problems? If so, how does it contribute 
to the formation of potholes? 

Asphalt does soften in summer and 
shows signs of distress under traffic. 
Water being the prime enemy of 
asphalt, the monsoon causes further 
damage to the already distressed road 
leading to the formation of potholes. 
However, a well-designed and properly 
constructed asphaltic road should be 
able to withstand the monsoon fairly 
well since it is designed for all sorts of 
adverse conditions. The drainage 
arrangement provided during the ori¬ 
ginal construction can be disturbed 
because of the repeated excavation of 
the trenches by various utilities and 
improper back-filling due to restricted 
working hours, because of heavy traf¬ 
fic. Leakage through the ancient water 
mains which have been laid more than 
60 to 80 years ago is another reason for 
failure. Renovation of these old water 
mains and of the service connections 
from them often requires excavation of 
the roads—and the vicious circle con¬ 
tinues. Attempts will, therefore, be 
made in future to strengthen the ex¬ 
isting old water mains wherever possi¬ 
ble with mortar by using techniques 
which are not yet available in the 



Duddeet are aCJrigftf tor vWage mads bat 
not stool-shod carts. 


country. 

UTip are mont potholes formed during 
the rainy season? 

Since wator is the prime enemy of 
asphalt, it is but natural that most of 
the potholes, are formed in the rainy 
season. In some areas of Bombay, 
which lie below the high tide level, 
water accumulates both during the 
periods of tiigh tide and heavy rain. 
Thus, moist ure soaks into the roads to 
a considereible extent leading to the 
formation <')f potholes. Coupled with 
the lack of .sub-surface drainage, these 
potholes keep on rapidly increasing 
ultimately ruining almost the entire 
road surface. Moreover, these roads are 
always subjected to heavy vehicular 
traffic even when badly damaged. 
How does heavy vehicular traffic affect 
the roads'' 

Heavy vehicular traffic affects the 
pavement of the roads in three ways: 

(i) Repetition of ?''le loads: four mil¬ 
lion repetitions of standard axle loads 
of 8,165 kg. have been proved to be 
sufficient to uproot the entire structure 
of the road built on the concept of the 
California Bearing Ratio. 

(ii) It lias also been proved that the 
impact cif the axle load even from a 
height of even three per cent to six per 


cent enhances the distress in the road 
by more than 50 per cent. 

(iii) Unofficial overloading of vehi¬ 
cles is also responsible for severe dam¬ 
age to the road surface. It has been 
estimated that even 10 per cent of 
excess over the designed load causes 50 
per cent more distress than the normal 
one. 

Is the problem (d bad roads, duetolack 
offmance or lack of work ethics or lack 
of coordination? 

The appalling condition of the roads 
in Bombay can be attributed to fre¬ 
quent excavations without coordina¬ 
tion between various utilities; for inst¬ 
ance, last year alone, Bombay tele¬ 
phones laid 1,600 km. length of cables, 
while the total length of the roads in 
Greater Bombay is 1,430 km! 

We also have a system of recom¬ 
mending the lowest tenders irrespec¬ 
tive of the suitability or the reputation 
of the contractors and the implements 
possessed by them, the quality of the 
road surface thus gets affected. The 
contractors are registered category- 
wise and even the best contractors have 
to work under worsening conditions. 
Also, their working at odd hours is not 
welcomed by the public. 

Lack of finance is one of the reasons 
for the sorry state of Bombay roads. To 
maintain the roads 26-30 crores of 
rupees will have to be spent every year 
for the next 15 years. And with inflation 
the prices will keep escalating. The 
present budget provides not more than 
Rs. 15 crores for strengthening, re¬ 
building, resurfacing and routine re¬ 
pair of roads. 

The average vehicle in Bombay runs 
four million km. every day. The cost of 
running an average vehicle per km. per 
day is approximately two rupees, liiis 
gives us a figure of Rs. 250 crores per 
annum for running of vehicles on 
Bombay roads. If people, who run these 
vehicles can afford to spend Rs. 250 
crores on running their vehicles, there 
is no reason why they should not spend 
10 per cent of this cost for the mainte¬ 
nance of the roads which ultimately 
will mean a substantial saving in the 
repair cost of their own vehicles. □ 
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Vidial C. Nadkumi 


Why are new concrete buildings, meant to last for 100 
yp^rs, crumbling down within 5 to 10 years? Don't our 
civil engineers have any stake in the buildings .they 
design? Why do we allow unscrupulous contractors at^d 
self-styled developers to amass fortunes at the expense'of 
the poor consumer who has no option but to cough up 
extortionate amounts? Whose responsibility is it to 
• ensure at least the minimum standards in the 
construction industry? 

The untimely collapse of these con- controversial issue, one that goes 
Crete buildings has stirred a raging beyond the safety of just your home 
controversy; how good are our en- and hearth. For the question of faulty 
gineers and how scrupulous our con- concrete touches also the foundations 


T he last sound watchman Singh* 
ever heard was that of collapsing 
columns and crumbling con¬ 
crete. But he probably didn’t 
know what it was. He was sleeping in 
the godowns of Akashdeep, the seven- 
storey building that collapsed like the 
proverbial pack of cards across the 
railway track at Grant Road, Bombay 
last August. 

Watchman Singh died along with 13 
others, buried beneath a mountain of 
debris that could not be cleared for 
days and eventually cost a whopping 
Rs. 14 lakhs to shift. 

Close on the heels of the Akashdeep 
tragedy came the country’s worst ever 
building diaster, the crash of the Can- 
garam Shopping Complex in the ’*space 
city” of India. Bangalore; 120 people 
were crushed beneath the beams and 
slabs of the nine-storey building that 
was still under construction. 

Collapse ot buildings is hardly a new 
phenomenon. In a city like Bombay 
hardly a monsoon passes without some 
old manzil, mansion or mahaf suddenly 
sliding to the ground. (Seven buildings 
including Akashdeep tumbled down in 
a period of just two weeks!) Since 1970 
1.300 buildings in Bombay have fallen, 
averaging 118 a year. The Bombay 
Municipal Corporation’s survey in 
1980-81 classified 1,752 buildings as 
beyond repair. 8,707 as unlikely to last 
more than five years and 19.778 as 
having a life of between 5 and 15 years. 

But the point is Akashdeep was no 
old graiidmother of a building. It had 
seen but nineteen summers lor mon¬ 
soons). a building that ought to have 
been like a girl in the bloom of her 
prinie. with at least a four score and ten 
years of life ahead ^ 

It IS when such buildings crumble to 
a gros,sly premature end that charges 
like “murder most foul” begin to fly. 
And with good reason. Modern high- 
rise buildings made by modern 
methods and with modern material, 
have no husine.ss to be down earlier 
lhaii 100 vears. And if they are, it is a 
Iribute t(» the lack of skill or care on the 

part of their makers. _ 

* Actual name withhM, ~ 


tractors? How safe are the buildings 
made by them? Was Akashdeep the 
exceptional bet noire, a black beast in 
a flock of angelic whites, buildings that 
are mushrooming all over the country? 
The questionifig has begun, although 
some say, belatedly... 

Meanwhile, the story of “India's 
crumbling concrete” has made interna¬ 
tional headlines; Anne Charnock of the 
New Scientist London, charges that 
India’s engineers have entered the 
space age, but they no longer know 
how to make concrete! 

A soaring satellite and a sinking 
skyscraper make an odd couple indeed. 
How justified is such a juxtaposition in 
a country like India? Incidentally, in a 
recent issue, India Today carried 
an eulogy of our space programme on 
its cover with the picture of astronaut 
Rakesh Sharma. Inside was also fea¬ 
tured a scathing expose on the ‘“build¬ 
ing blight” of the Delhi Development 
Authority: over 5.000 buildings worth 
Rs. 15 crores made in defiance of 
specifications. Nor were the prestigious 
Asiad-82 buildings fr^e from the 
blight—they, wer^' likely to la.sl for tar 
fewer years than expected earlier. 

The question that troubles is: if the 
Asiad buildings, made in such a blaze of 
publicity are suspect, what about all 
those concrete buildings that are com¬ 
ing up in the obscure corners of our 
suburbs and mofu.ssil areas? Are they 
also all potential death-traps? It is a 


of the so-called “temples of modern 
India”—dams, bridges, canals and 
roads—symbols of a nation's develop¬ 
ment achieved at a great co.st (the 
construction industry accounted for 
42.5 per cent of our planned expendi¬ 
ture, according to one estimate). 

The controversy begins right here: 
.some experts like Tony Remedios, a 
construction consultant, in Bombay, who 
is also called Tony Ramdas, India’s 
concrete “guru”, say that much of the 
concrete produced in India is bad. 
(According to the now disbanded Con¬ 
crete Association of India, in 1980 the 
country produced some 1.50 million 
tonnes of concrete; extrapolation for 
1984 gives a figure of 240 million 
tonnes. At an average rate of Rs. 450 
per tonne, it cost 54,000 million 
rupees.) Other experts like Dr. V.N. 
Gupchup, Principal of Victoria Jubilee 
Technical Institute (V.J.T.I), at Bom¬ 
bay, believe that as much as 90 per cent 
of our concrete, the portion that goes 
into public works involving the t^iv- 
ernment and large agencies and con¬ 
tractors IS all right. It IS mainly the 
housing sector, involving particularly 
the cooperative societies, that is facing 
the problem of substandard concrete. 

This reminds us of the joke about a 
pe.ssimi.st and an optimist looking at a 
halt empty and a half full glass! Statis¬ 
tically, an optimist miglit comfort him- 
.self by .saying that 90 per cent of our' 
concrete is satisfactory But the pes- 
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simist counters that the housing sec¬ 
tor, although numerically inferior, is 
strategically more vital, and of greater 
human interest. This is not to suggest 
that experts like Dr. Gupchup condone 
the malpractices rampant in the con¬ 
struction industry. Nor would they 
wish to accord lower priority to private 
housing. Indeed, every one we met, and 
I' that includes builders, was quite vehe¬ 
ment in denouncing the “failure of 
men and materials” wherever it might 
occur. 

While no one we met would admit to 
practising faulty construction, we did 
encounter a healthy new attitude—to 
face up to collective responsibility. 
(Buck-passing was even discussed at a 
recent seminar which had the approp¬ 
riate symbol of an accusing thumb with 
the slogan: not me, him') 

Now to consider the reasons for the 
“failure of men and material”. We are 
not talking about manifest excresc¬ 
ences like wilful adulteration or doctor¬ 
ing of designs. We shall go back to the 
basics first, namely, what makes good 
concrete? 

Concrete is a building material of 
great antiquity. It is composed of 
cement, stone and sand (together 
known as aggregate) and water. “Each 
of these constituents has a specific 
function." writes M.Y. Sabnis. Execu¬ 
tive Engineer with the Bombay Muni¬ 
cipal Corporation, in his book Cement 
Concrete Mix Design Principles and 
Practice; “The cement with water 
forms a slurry which fills the voids 
between the sand (fine aggregate) par¬ 
ticles to form mortar. And mortar fills 
the voids in the stones (“metal” or 
coarse aggregate) which mainly acts as 
a filler.” 

The introduction of admixtures, as a 
fifth ingredient to improve tlie charac¬ 
ter of concrete, is a lelatively recent 
development. Compounds such as cal¬ 
cium chloride are called set- 
accelerators, while there are also set 
retarders, less often required (these are 
usually sugar based). The purpose of 
most admixtures is to increase the 
workability without having (o increase 
the water c.ontent and without thereby 


affecting the eventual strength of the 
concrete. Such compounds are also 
called plasticisers. They are mostly 
derivatives of lignosulfonic or hydroxy- 
lated carboxylic acids. Some admix¬ 
tures decrease the permeability of the 
set concrete and are thus called water- 
proofers. Entrainment of air also in¬ 
crease the workability of concrete. 

However, a more widely used and 
equally controversial admixture is 
puiverised-fiiel ash (fly ash). Since it 
has pozzolanic (cement-forming) prop¬ 
erties, it is added to reduce some of the 
normal cement content, it reduces the 
heat generated during setting. This 
then is the principle behind the much- 
touted pozzolana cement (also called 
"Janata Cement") which was supposed 
to "boost" our cement production. 
Other factors being equal, fly ash can 
increase the eventual strength of the 
concrete: But many builders complain 
that in the name of pozzolana “any old 
rubbish is added to scrimp on precious 
cement in India". Some even charged 
that pozzolana was only another name 
of officially adulerated cementi 

Concrete is easy to work; all you 
need is a mould or form and time at 
room temperature to let the concrete 
set. But, although concrete is remark¬ 
ably resistant to compression, its ten¬ 
sile strength is poor. So, to enable a 
structure like a tall building to cope 
with tensile forces also, engineers came 
up with what they term a "marriage 
made in heaven”—concrete reinforced 
with steel which has excellent tensile 
strength. This places an added bur¬ 
den on the concrete-maker. He has to 
deliver a product that is both dense and 
impervious to prevent corrosion of the 
steel inside. One of the major causes ol 
steel rusting is the lowly cowr block 
This IS used, at intervals of one metre, 
to maintain the reintorcing steel bats 
in the correct place. When these are 
badly made and porous, they become 
the Achille.s heels of concrete. 

The secret of concrete's strength lies 
in the chemic,!) reaction between ce¬ 
ment and water, a process known as 
hydration. Precisely how does it occur? 
That IS Itself a matter of intense 



scientific debate and controversy;;! 
There are two rival theories, one based 
on the role of crystals and accepted b^' 
most U.S. researchers and the other 
model, developed by English scientists' 
at Oxford, emphasising osmotic forces 

Whichever camp you belong to, 
whether osmotic or crystalline, you ^ 
have to agree that the less empty the 
space between the aggregates and the' 
cement, the stronger and more durably 
the concrete. “Cement is technically.; 
lovely," says James Hansen in Science- 
82. “The basic ingredients to make it 
are cheap and plentiful. And while the 
high-temperature kilns gobble ener-' 
gy—it represents nearly a quarter of, 
the cost of finished cement—turning; 
cement into concrete at the construe-' 
tion site uses little more.” It is at the 
construction site that many of the sins 
of omission and commission against 
concrete occur. 

“The civil engineer on the site must 
know the a|;t of making controlled, 
concrete and the techniques of mix 
design—choosing the economic prop¬ 
ortions of cement, fine and coarse 
aggregate and any admixtures--so as 
to obtain a cohesive concrete of speci¬ 
fied strength and the desired worlubil- 
ity and durability from the available 
materials," writes Sabnis. 

Thus, given good materials, “failure 
of men” occurs when there is no 
competent supervision and control on 
the process of concrete-making. 
“R.C.C. construction is a scientific 
process which is excellent in the hands 
of qualified and experienced people but 
dangerous if managed by incompentent 
engineers and contractoi.s (or muka- 
dams or inistries)." .says Hr. Gupchup. 
And Tony Remedios .igrees. vehement¬ 
ly. “Where are all Hie competent men 
gone’'' ' he ask.s e.xasperatediv. ,\uording 
to him, “They have either ii.siii up in 
the ranks to the tiips ot their 
pyramids, at desk jobs or have retired. 
Most have probably forgotten the prac- 
IiCdl lore they had karnt Irorn Iticir 
own seniors years ago Tluv illw tag 
hos.se.s) seldom come to (hi '•itt \nd 
when they do, they are alwavs on a 
flying V.I.P. visit’. The supervision of 
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ADDLID ADDITIVES 


A TEAM of Kienticti led fay Mr Don Beresford of the CornmonweaUh Sdentific end 
Intornebonal Reteerch Organmtion*. Divtaion of Budding RdMarch in AiutndS 
h» Invetbgrted some of the mon likely rttions that concrete todey K decaying enrUer 
than It ind to. We know that many concrete structures over 100 years old are still 
performing without problems, yet much new concrete is decaying 

Mr Ian Rust of Henderson and Homing. Australian Realtors, Is reported to have 
esplained one notorious concrete foilure as "Water pentfiatmg the slon damimde) and 
getting into the reinforcing steel, which had begun tb corrode and espand. Thu had led 
to some cracks.” At any rate it would be difficult to deny that corrosion of the steel is the 
reason for nearh^ all of the foilures in pre-stressed concrete 

The strength of modem concrete n on the average double that of concrete poured 
at the turn Of the century Consequently builders now use lower amounts of Portland 
cement To cut costs, slag ashes from blast furnaces and fly ashes from coaMired pewer 
stations (posaolana) are used as fillers There u a real possibibty that these cheap flUers 
contain highly corrosive materuls that start or accelerate rusting of the steel 
It has been ttie practice of architects in the U S to specif that structural steel 
fsuch as I Beams, H Beams and Angle Bars) be painted before being embedded m 
concrete Outside U.SA Uie steel generally u nut painted It ujust assumed that they 
wdl be allright wlttiout corrosion protection This was true in the “good oMe dayes” 
when they didn't stretdi the concrete with corrosive extenders or add admutures that 
burned up the cunng, or increased the strength We now suspect that some of these 
additives are hlffiily corroswe (Calcium chloride, a set-accelerator, used earlier is now 
actually banned) Thus the “rules of the game have changed” What performed well in 
the past does not necessanly perform well in today’s different conditions 

What IS the solution? There probably are many The additives could be omitted, a 
higher amount of l^rtland cement could be used and various other approaches could 
solve this problem' Another method is to make the steel corrosion resistant 


big construction projects is delegated 
to raw juniors who get no on-site 
training in their degree courses ” 

In effect, therefore, on-site mixing of 
concrete, a most vital operation, is left 
in Ar hands of ‘experienced” con¬ 
struction gangs and their bosses 
(mukadaim) Even builders concede 
that these can and do intimidate the 
green graduate supervisors Says N D 
Patel, Honorary General Secretary. 
Builders Association of India “Many 
mistries prefer watery concrete (path 
nal) for ease of handling But they 
don’t realise that extra water can result 
in weakening of the concrete (five per 
cent extra water can weaken some 
concrete mns’ strength by as much as 
30 per cent') Nor is it enough to only 
prepare concrete in the ‘textbook man¬ 
ner’, It has also to be placed and 
vibrated correctly in the formwork to 
eliminate air pockets and to make it 
cohesive Then it has to be diligently 
cured ’ A supervisor trying to enforce 
discipline or trying to check errant 
nustnes faces the risk of work stoppage 
or has hostile labour on his hands 

Increased use of plasticisers is one of 
the solutions proposed to tackle the 
problem of producing workable con 
Crete Some prefer to alter the mix 
design, varying the basic ingredients to 
get higher mobility while retaining the 
required strength Says Patel, ‘The 
advantage of plasticisers is that they 
also effect a dramatic saving of ce¬ 
ment—one to two bags per batch or 5 
to 10 per cent of the total consump¬ 
tion We would like to see the import of 
additives like super-plasticisers which 
are tremendously accelerating the 
speed of construction in countries like 
America and Germany' 

However the use of plasticisers does 
not make concrete mix design any 
simpler It anything, it calls for even 
greater cart and monitoring the cost of 
which many builders are unwilling to 
bear. {See box about dangers of addi¬ 
tives) 

This brings us to a popular myth 
about concrete—that it is simple It is 
not It IS unlike any of our traditional 
building materials—stone, wood or 


marble Yef lay workers habitually takt 
all kinds of liberties with it But fur 
concrete’s innate resilience this should 
have caused disasters galore 

“A high-rise building made today 
with latest techniques is as much a 
product of high technology as a racing 
car or a computer But the level of 
infrastructure is astonishingly primi¬ 
tive in the construction industry The 
bulk of the people invqlved in this 
high-tech enterprise are illiterate and 
untrained, ’ says Mr N R Tembe, 
Professor of Civil Engineering at 
V J TI, also Head of the Technical 
Committee that investigated the 
Akashdeep collapse To keep costs 
down in this high tech enterprise, 
many builders do away v^ith qualified 
supervision The at .tude is why pay for 
an engineer, a mere employee who 
might veto your plans, stop your work 
and even order substandard work to be 
pulled down? Tliat means wasting time, 
doing tests, checking sample concrete 
cubes, checking your sand, metal and 
cement and attention to a hundred 
details which is what quality control is 
all about 


“Look for a moment at our material 
concrete—in an objective fashion,’ 
says Professor Tony Cusens President 
of The Concrete Society, U K "it is 
difficult enough to ensure that we put 
in the right constituents to the correct 
proportions, and to place it in the right 
way in the right moulds But think 
what happens when it has set and 
hardened It expands with the heat, 
contracts with the cold, takes in mois 
ture and expands exudes moisture and 
shrinks, it contracts when compressed 
and goes on doing so for years It is a 
living, breathing and moving materia) 
and this simple philosophy tends to be 
Ignored by designers distracted by the 
other complications of major struc¬ 
tures Such a complex material needs a 
hi-tech approach and not low technolo¬ 
gy thinking The fact that every 
amateur gardener or onr enthusiast can 
put together some sort of concrete 
should not distract us from the recog¬ 
nition that the achievement of a high 
quality concrete needs as equal refine¬ 
ment ot approach and skilled work¬ 
manship to that demanded by high 
technology.” 
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Our builders, contractors and consultant 
engineers have obviously not heard of 
President Truman who said: 

“The buck stops here!” 


To say all this is not to start another 
myth—that good concrete is necessari¬ 
ly expensive. It is not. "In fact, good 
controlled concrete is far cheaper in 
the long run,” says Mr. R. N. Raikar, 
Managing Director of Structwel Desig¬ 
ners & Consultants. "Think of the 
hassles, the endless repairs, the water¬ 
proofing, the repainting and guniting. 
*'[AI1 this can be nipped in the bud.” 

' That presupposes the existence of 
two things: the knowledge of how to 
make good concrete and two, the will 
to make it. If a contractor lacks the will 
(and often the ability, too) to make 
good concrete, is it not the duty of the 
consultant or architect to ensure that 
he does produce the required stan¬ 
dards? But a more fundamental ques¬ 
tion is why shouid incapable and un¬ 
willing persons be allowed to enter this 
vital (and lucrative) field? 

Surprisingly, financial solvency is 
the only criterion on which builders 
are judged in our country. Our civii 
engineers do not need a iicence to 
practice. Nor do we licence our buil¬ 
ders. Both are therefore free to get 
away with holy murder as happened in 
the Mumbra building collapses which 
probabiy involved violation of every 
principle in the book. 

Given the acute shortage of housing, 
most consumers are in no position to 
protest. Ironically, a badly made flat is 
as expensive os a weli-made one. “It’s 
not like buying rotten baingan, ” says 
one disillusioned flat-owner who has 
spent a fortune on keeping together his 
disintegrating flat. “You can’t escape 
paying through your nose!” Says Vijay 
Gad, ex-Chief Engineer, (Civil), Depart¬ 
ment of Atomic Energy, now, Presi¬ 
dent, Pheroze Kudianwalla Associates: 
“When people make so many com¬ 
promises how can they expect quality?” 
In other words, people get the kind of 
buildings they deserve. But when they 
are paying such extortionate amounts, 
the least they can expect is a roof that 
does -not leak, walls that are safe enough 
to drive a nail into without starting 
an avalanche. (This is not a joke. 
'We saw a society notice in a 30-storey 
skyscraper at Cuffe Parade, Bombay, 


that warned tenants not to hammer 
their shear walls. The notice openly 
admitted that because of the "new 
design” involved in the construction of 
the buildings, such activities could 
cause it to collapse. And the building is 
hardly eight years old!) Experts like 
Gad agree: “Corruption, unfortunately, 
is ubiquitous—it is as rampant in 
Japan and The U.S.A as in India. But in 
those countries they have quality-p/us- 
corruption. Here we have only corrup¬ 
tion! I feel quality control is like a 
two-sided equation: on one hand is the 
owner-consumer; on the other, is the 
contractor-builder. If the contractor 
falls short, or his will to make a good 
building flags, the other side should 
make an extra effort to keep the 
balance on even keel." 

The moot question is: Should the 
consumer make that effort? After all, 
you don’t appoint a quality control 
inspector eveiytime you buy a life¬ 
saving drug nor do you consult an 
automobile engineer to check out on 
your car when you buy one. In all other 
purchases is enshrined this concept of 
minimum quality assurance. Why not 
in housing? Whose responsibility is it 
anyway? 

Moreover, you may not be in a 
position to influence the construction 
of your flat when you buy it ready¬ 
made. And what happens with a large 
condomium with two hundred tene¬ 
ments? Do all 200 tenants appoint 200 
odd consultants or supervisors? Furth¬ 
ermore, laymen are unable to disting¬ 
uish bad concrete from good. The 
problem is compounded by what one 
consultant calls "beauty skin-deep”— 
defects of the concrete and the “sins” of 
its makers can easily be concealed 
behind a layer of plaster, paint or 
marble. 

Also, one of the dictums is that, 
unlike a wife, a building only begins to 
reveal its true colours after a long 
interval, say, five years after comple 
tion. Says Tembe, “That is if the 
building is still standing. That means 
the construction has weathered the 
sins of its makers. Now it is up to the 
user or tenant. If he looks after it, even 


a bad building can be made to last. But 
he must rectify the defects that are 
revealed.” (According to Remedios, a 
badly made building is like a weak 
baby. It can be kept alive provided you 
swaddle it: protect the concrete, paint' 
it frequently or change the plaster, 
generally keeping out the ingress of 
atmosphere.) 

That raises another basic question: 
what is bad concrete? Obviously, con¬ 
crete that is porous; concrete which 
fails to come up to specified strengths 
and grades. Because the voids in such 
concrete are unplugged, it has a hon¬ 
eycomb-like appearance (In contrast to 
the form-finished concrete which has a 
smooth hard impervious surface). And 
because it is vulnerable to attack by 
moisture, the steel used to reinforce 
honeycombed concrete begins to cor¬ 
rode. Tliis eventually disintegrates the 
concrete because steel expands three to 
four times its original volume on 
rusting. This,process is also called 
spalling. The expanding interior, 
causes pieces to break away from the 
surface. 

We have so far discussed "failure of 
men”. What about engineers who have 
both the knowledge and the will to 
make good concrete? Do they get the 
material they want? Most emphatically 
not! The abysmally variable supply of 
sand, cement and steel in India can be 
seen on any site that one might choose 
at random. 

The scandalous state of affairs in the 
cement sector is also well-known. That 
could probably become the subject of a 
separate controversy. The present con¬ 
troversy centres around a colossal 
botch-up of a fine technology and the 
con.sequenl wastage of precious re¬ 
sources. As a leading cement tech¬ 
nologist in II.K once remarked, “Un¬ 
less somebody takes the trouble to 
knock it down, a properly made cement 
building ought to be standing in a 
thousand years.” 

Here, with no trouble at all, they are 
knocking them down in five to ten 
years' Who is to stop them? □ 
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L anark county Concession Road 8 beside it is the "fire tower". In the caver- 

passes by an unusual farm five nous burn hall. NRC scientists examine the 

kilometres west of Almonte. Ontario. behaviour of fires per se, while the fire 

Like nei(jhbouring properties, it has tower is for investigations of fire propaga- 

hay. beef, alfalfa, a barn and a silo. This tion and the movement of smoke in tall 

barn, however, is unlike all others, for it buildings. 

crvst three million dollars and contains Although each of its ten .stories has a 

some of the most sophisticated instrumen- test-floor sp£u:e of only 36 square metres, 

tation in the world. The ‘silo* is even more the fire tower can simulate patterns of air 

bi/aire it is in fact'll ten-storey concrete and smoke movement in a full-sized build- 

high-rise tower, connected to a single- ing. The tower's outside claddihg can be 

storev scr\'ice building. This is no ordinary removed and other building facades substi- 

f.um It IS the Kire Research Field Station. tuled, or tests run on special ledges in- 

complcted in the autumn ol 1981 and part tended to slop fires hopping up an outside 

of NRC’s Division of Building Research. wall from one flour to the next. 

The unheated burn hall shelters full- 
The Almonte facility is one of only a sized, all-weather fire experiments, and can 

handful in the world: others are in Britain, accommodate mockups of apartment and 

France, the I'.S.. and Japan. Why Canada as hospital suite.s. two-stoiey dwellings, and 

weir-' ‘Becciuso our fire record is one of the even shopping malls. Researchers can also 

woT.st in the developed world." says Dr Alan open the hall to the tower at ground level, 

M. Phillips. Manager of the Field Station, studying complex urban assemblies. 

"In 1981 we had 79.000 lepnited fires Why is all this necessary? "Becau.se some 

whose direct damag * was almost a billion current building practice may rest on 

dollaib and whose time and dislocation loss untested assumptions." Phillips says, 

was four times that. Canadians stand one "Sometimes, for instance, smoke detectors 

chance in a hundred of suffering fire injury have given warning only when occupants 

in their lifetimes. That's a greater risk than are already unconscious or trapped. We 

traffic accident." don't yet fully understand how smoke 

Phillips explains that the barn is the behaves in building.s. That's one reason why 
"burn hcill". while the high-ri.se structure we built this place." 





7%f AbaM» Fhw R§smcb FkU SUUaa, 
SRCi DMikm of BuiUbig Reiureb 

At first, ''this place " appears as calm as 
any other research establishment, its ex¬ 
citement purely intellectual. Gradually, 
however, one becomes aware of the visual 
excitement of the Field Research Station, a 
view shared by its personnel. "‘I’ll always 
remember my first fire,’’ Phillips says. “It 
wasn't like the usual laboratory experiment 

t ihere all you can do is watch needles bobh^ 
6u see results quickly, dramatically." 

^We walk to a small room of concrete 
block, built in one of the Burn Hall's 
corners. This is a test chamber, in which 
fire research scientists construct wood cribs 
of standard size and material, set up their 
instruments, and touch off blazes whose 
peak power output may rise as high as three 
megawatts. Today the little fire-blackened 
room is empty, a series of test burns having 
been completed the week before. 

j:When NRC began in this business," says 
Phillips, “all that told one what was going 
on during a burn were strip charts. A pen at 
the end of a metal arm noted some variable, 
pressure or whatever, on a strip of paper, in 
effect plotting it vs. time. Then when the 
experiment was over, one unwound the 
paper chart and read off the data. The 
instrumentation's infinitely better now." 

The best characteristics of the old strip 
charts have been built into computerized 
readouts, whose monitor screens present 
data in full colour and real time. Seated at 
the console of a computer in a control 
.shack near the burn room. Phillips and a 
technician command their digital genie to 
summon up earlier results, superimpose 
them on new ones, and blend the two to 
derive trends and patterns. It is a fascinat¬ 
ing display. This new approach digitizes 
data as physically cU^se as possible to the 
actual experiment, converting the sensor's 
analogue outputs into the on-off bits of 
machine talk; computers near and far can 
thus massage the information as .soon as it 
is produced. 

“Digitising makes for a cleaner signal.' 
Phillips says, pointing at an overhead cable- 
way that whisks the newborn data off for 
processing. *‘We transmit new with much 
less signal loss." 

The Almonte computers read up to 200 
sensor channels simultaneously during a 
burn. But what do all these sensors sense? 
“Pressure and temperature at every key 
position Velocities of air moving in to feed 
the flames, and of combustion products 
rushing out There’s a smoke-density sen¬ 



sor which works by the same principle as 
some home smoke detectors—our people 
are in the Final stages of turning a laser 
version of this into a workable device. Then 
there are the gas analysers." These give fire 
gases a “breathalyser", both in real time (as 
a fire progresses) and. taken away in bottled 
for ultra-high-fidelity breakdowns in 
atnother lab. 

^What happens if a test burn gets out of 
hand? This is most unlikely for these 
controlled experimental fires; but because 
the Almonte facility is far from any muni¬ 
cipal fire department, it has a full array of 
its own firefighting devices. Among these 


spread because 'brands', or bits of burning 
material, settle out of the air and touch off 
the roofs of other structures. We had just 
finished installing this apparatus when 
California, which buys most of British 
Columbia's cedar shingles, announced new 
limits for flammability of new roof mate¬ 
rials. Canadian companies could have met 
these Standards by shipping untreated pro¬ 
ducts to the U.S. for a chemical soak, but 
instead they decided to develop their own 
new flame-relardancy techniques, thus 
keeping the treatment business at home. 
We can test here for the effectivene.s5 of the 
new products." 




are hoses supplied with water from a 
reservoir beneath the burn hall (“We recy 
cle it so It's not dumped into the local 
ecosystem") and. in the cornets ot the hall, 
“four jolly big fans" that together can 
exhaust 350(3 m'^min ot .smoky air to the 
outside. The whole building is oriented 
NW-SE so the prevailing wind can assist 
smoke clearance. 

Near the small block room is a strange- 
looking apparatu.s that looks like a section 
of a standard rouf. "This is our root test 
apparatus." Phillips explains. “Hany fires 

The Facility's location, well away from 
the main NRC campus in Ottawa. wa.s 




chosen nccduse the .smoke produced from 
certain types <il bum experiment would not 
be tolerated within the city. Despite the 
relative i.solalinn. it i.s still an integral part 
of the Divisions Fire Research section 
according to Alan Phlllip.s. The section has 
been studying the effects of fires on siruc- 
ture.s for the last thirty years, and the 
lessons it learns the worlil-cla.ss Almonte 
facility should, in the long term, ieduce the 
luss of Canadian lives and property to fire. {1 

Excerpted *fwm Science Dimension 
^ National Research Council of 
Canada, 





METHYLATION AND REGULATION OF GENES 


T he mechanism by which fertilised eggs 
develop into multicellular organisms 
has been an enigma to biologists for almost 
a hundred years Surely, cleavage divisions 
by themselves do not lead to embryological 
development. Its real essence instead is the 
process of cell differentiation. At molecular 
level, It IS known that soon after fertilisa¬ 
tion. most of the genes are 'switched off 
and during development different sets of 
these genes are switched on', on a selective 
basis, in different groups of cells. How this 
tissue^pecific regulation of gene expression 
is achieved has been among the deepest of 
all the mysteries of a multicellular organ¬ 
ism. At one time this was thought to be 
indecipherable but results in recent years 
are encouraging. Part of the answer may be 
in a simple chemical modification of dna 
This chemical modification is known as 
'methylation' of dna and involves the addi¬ 
tion of chemical groups called methyl 
groups (-CH)) to one of the sub-units, 
cytosine of the dna molecule. It is known 
that active dna is generally less methylated 
than the inactive one. Another peculiarity 
of methylated dna is that once established 
in. any given cell, the mould is inherited 
faithfully by all its progeny. 

The marvel of 'mass switching off of 
genes was discovered by Rudi Jaenisch and 
his colleagues at the University of Ham¬ 
burg. in early embr>'o.s. a couple of years 
ago. They had injected viral dna into early 
mouse embryo and the viral dna was inte¬ 
grated with host DNA They were surprised 
when all the foreign dna was instantly 
inactivated. Further exploration of this 
phenomenon revealed that thi.s inactivation 
of viral lna was due to methvlation 
The recent studies of Richard Flavell and 
his collaborators at the National Institute ot 
Medical Research, London, and Biogen at 
Boston, (CV// 34, 1971 indicate that it is 
methyiation in the contiol regioas which 
'switch off' gene.s. Melhylation of the gene 
In Itself 1 $ of no conseguence The control 
region after addition of methyl groups 
changes the twisting properties ot the dna 
molecule. 

Twisting IS indispensable for gene regula 
tion because it a gene is to be recognised by 
the enzyme that reads it, the double helix 
must be untwisted to expo.se the inner 
chemical sub-units for either replication or 
transcription to commence Left to itself. 
DNA snaps back into a right-handed helix 
which.' IS msubmissive to transcription. In 


the cell. DNA is wound around DNA-binding 
proteins, histones which make it more 
resistant to untwisting. Histones, in asso¬ 
ciation with DNA constitute the nucleopro- 
tein Tiber, chromatin. Electronmicrographs 
reveal that chromatin has a beaded struc¬ 
ture. each bead being 100 A in diameter. 
Cellular dna is wound around these spheres, 
also called nucleosomes, first suggested by 
R. Kornberg in 1974. But certain regions of 
DNA are free of nuclesomes and among these 
are gene controlling regions. Thus the 
control regions are relatively free to un¬ 
twist. This raises two questions: what is 
achieved by untwisting and where does 
methyiation come into the picture? 

The answer to the first question appears 
to be that dna in cells is in the negative 
supercoiling state. This condition tends to 
push the right-handed dna helix into left- 
handed coils. From where this tension 
comes, nobody knows yet, but negative 
supercoiling is known to be essential for 
activating genes in prokaryotes and more 
recently has been shown to act on eukaryo¬ 
tic DNA. as well. In relation to unconstrained 
control regions, the negative supercoiling 
stress may be released as energy for un¬ 
twisting. 

How this rara avis is affected by methyia¬ 
tion, nobody knows but results published in 
a recent issue of Nature i303, 674) by 
Alexander Rich and his colleagues of Mas¬ 
sachusetts Institute of Technology, U.S.A.. 
provide some insight into the phenomenon 
of gene regulation and role of methyiation 
in it. They have been working on a control 
region in the DNA of virus SV40. The 
regulatory regions of viral dn\ are ot interest 
because. First, some viruses are active onlv m 
particular cell types, suggesting that their 
control regions have something in common 
with the host dna Secondly, contiol 
DNA with properties similar to SV40 dna has 
recently been discovered in animal cells 


Does the lie-detecloi* tell 

S nnsTtc.s have been described b>' Disraeli 
as lie.s. damn lies and statistics, in 
that order. It appears that statistics has 
taken an exception to this and retorted by 
giving a lie to the lie detector. The he 
detector or ‘polygraph' to name it scientific¬ 
ally, is an electrical instrument designed to 
find out if a person is telling the Iruth or 
lying. 


where it regulates the production of anti¬ 
bodies. This distinct region is known as an 
'enhancer sequence' as it seems to be 
capable of intensifying the activity of sur¬ 
rounding genes. What Rich and his col¬ 
leagues have now discovered about the 
SV40 enhancer is that it is highly suscepti^ 
bie to methyiation and when methylated, 
may forestall negative supercoiling from 
unwinding the dna. This property depends 
on the simple structure of a part of 
enhancer dna, made up of a repetitive 
pattern of alternating cytosine (C) and 
guanine (G) bases. The significance of this 
arrangement (CGCGCG) is that the methy¬ 
lating enzyme functions only when cytosine 
is followed by guanine. The second impor¬ 
tant characteristic of the CGCG sequence is 
that it is capable of forming a left-handed 
double helix known as Z-dna. It was found 
by Carry Falsenfield and his colleagues, that 
if the CG repeating sequence is methylated, 
it could form Z-dna in the natural state. 

Rich and his colleagues have also shown 
that under supercoiling stress, the enhan¬ 
cer region of SV40 will flip into Z-DNA 
Based on these facts, it is speculated that if 
the enhancer region is unmethylated, it will 
not form a stable Z-dna inside the cell under 
natural conditions. This can release the 
supercoiling stress arriving at the nucleo- 
some-free control region as an unwinding 
force. On the other hand, if the enhancer is 
methylated, the negative supercoiling stre.ss 
can be absorbed by the change of handed¬ 
ness as the enhancer will flip into Z- 
configuration and will not be available for 
untwisting. In this way methyiation seems 
to contribute to gene regulation. 

Tariq M. Haqqi 

Dr Ihqqi is a Research Associate m the Du t\ion 
of Biochemistry, .Aligarh Muslim Inirersitq, 
Aligarh 

tile trwth? 

The polygraph consists of devices that 
measure the breathing rate, the depth of 
respiration, the heart rate and blood press¬ 
ure, and the resistance of tite skin to 
electric current. The basic assumption is 
that significant deviations in these para¬ 
meters will be produced by the emotional 
stress caused by the process of lying. The 
use of this machine has been controversial 


43 SCIENCE TODAY. ^UNE 1984 




... . . f ,'• ^ .. . i .7; '/ r. 

X*. ‘ ' . - ■ • ^ ^ 


and critics have argued that the very 
process of being subjected to such a test can 
cause sufficient emotional stress. Addition- 
ally, no two persons would react in an 
identicd) manner to the same stressful 
situation. The proponents counter that a 
skillful operator, coupled with an impartial 
interpreter who is not involved in the 
'interview' per sc can provide infallible 
results It IS precisely this latter point which 
has been addres.sed to by Benjamin Klein- 
muntz and Julian Szucko of the University 
of lllinoi.s at CliiCiigo {Ntiture 308 449). 

The researchers subjected 50 confessed 
thieyes and 50 innocent but suspected 
thieves to the polygraph test The data of 
each of these 100 truthful and untruthful 
suspects were then randomly assigned to six 
different piofessional interpreters. In addi¬ 
tion. data from 20 unverified cases were also 
assigned to simulate actual field conditions 
The data were al.so independently digitised 
and electronically processed. This was then 
statistically anaiv.sed to determine if the 
data did contain adequate information to 
discriminate lies (rom truth The verdicts ol 
the interpreters were then compared with 
that of the electronic analysis as well as the 


C OMPUTER-aided tomography popularly 
known as cm .scanning, is not going to 
be conlined to the doctor’s office only. It is 
making in-roads in the petroleum en¬ 
gineer's laboratory too. thanks to a recent 
advent of a mathematical algorithm used in 
ultrasound tomography. Research done at 
Schlumberger-Doll. at Connecticut. USA. 
which was undertaken to help the core 
f analysis by a rapid and non-destructive 
method, may lead to the production of clear 
images of the human body with tomogra- 


preverified information. 

The results were quite revealing. While 
the interpreters were right on the mark and 
performed favourably in comparison to the 
electronic systems in identifying valid posi¬ 
tives. their performance in detecting valid 
negatives was woefully inadequate. The 
false positives were alarmingly high. In 
other words, they labelled an innocent as 
guilty too often for comfort. Furthermore, 
the inter-judge reliability was also poor. 
Two interpreters agreed about a verdict a 
maximum of only 50 per cent of the times. 
The authors conclude, therefore, that the 
lie detector tells the truth, provides more 
than adequate tell-tale information but it is 
the human interpreter who cannot u.se it 
optimally. 

What arc the alternatives then’** A return 
to the third degree? Well, one doesn't have 
to be that desperate. The polygraph test 
combined with the guilty-knuwledge test 
employed by several researchers might do 
the trick—provided, of course, this too is 
put to the acid test~ that of statistics. Vive 
/a statistics! 

Bal Phondke 


phy. This would be based not on X-ray 
radiation but on ultra.sound high frequency 
waves inaudible to humans. 

In fact, ultrasound tomography was 
thought to be useful in measuring in situ 
saturations of oil and water in deep reser¬ 
voirs. and thus economise on the time and 
money involved in core analysis. One of the 
major advantages of the ultrasound cat is 
its non-destructive nature and safe opera¬ 
tion without any side effects in comparison 
to the CAT of X-rays. Since its inception in 


the late 1960's. cat has revolutionised 
medical diagnosis by providing amazingly 
clear images of the internal organs and 
fleshy tissues in cross-sections of the hu¬ 
man body. 

The currently used scanners produce the 
images by passing X-rays through the 
patient’s body and then combining the 
different X-ray shadows into a single pic¬ 
ture. This IS achieved by a mathematical 
algorithm, which was originally written by 
the Australian mathematician Radon in 
early 1900's and which was mainly refined 
and adapted to medical imaging in 1971 by 
two Indians. Ramachandran and Lakshmi- 
narayanan. Because of the hazardous na¬ 
ture and alarming side effects of repeated 
doses of radiation^in X-ray cat scanning, 
doctors are rather concerned about such 
scanning and reluctantly advise its use 'in 
routine check-ups. 

Fortunately, ultrasound waves are not 
only relatively easy and inexpensive to 
generate and control but are also rarely 
harmful and do not have any side effects in 
healthy human tissues. Initial efforts to 
replace X-rays by ultrasound waves in 
tomography mri abortive since the images 
produced by the latter were blurred and 
difficult to read. The principal reason for 
blurring was that X-rays travel in straight 
lines whereas ultrasound waves are easily 
deflected from their ortginal straight paths 
during their passage through the body. 
This scattering or diffraction causes de¬ 
focussing and hence blurring of the images. 

It IS here that the work done at the 
Schlumberger-Doll Research Center is 
going to provide a major breakthrough 
{Physics Today, S-38, 1984). Dr. A. J. 
Devanev showed that images produced from 
the ultrasound scan when processed by his 
new algorithm could be superior to similar 
images obtained from conventional X-ray 
scans. The new algorithm has been named 
as backpropagatign, in analogy to backpro- 
jection in simple X-ray tomography. Apart 
from human bodies for routine diagnosis, 
th" ultrasound cat will be used lo measure 
the amount and distribution of oil and 
water in the tiny pore.s m reservoir rocks. 
This kind of cat may soon be used m other 
engineering dhsciplines too. like chemical 
metallurgical, civil, etc. 

C. D. Yadav 


Dr Yadav ts with the Department of Chemical 
Engineermg, Unwersitg of Waterloo, Ontario, 
Canada 
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Ultrasound tomography: bliss to doctors 
and engineers 



ARE BETTER MONSOON 
TEARS AHEAD ? 


I'.K. >lisra 









T hat winter of 1982 was the 
cruellest that north India faced. 
Cold waves, rain, snow and hail¬ 
storms swept the land in rapid 
succession. Kven in May. when the heat 
would normally be scorchin)!, there 
was a virtual return of winter with 
sharp showers, snow, hail and cold 
winds blowing again; the first half of 
the month indeed lamed out to be the 
wettest fortnight in the region in a 
century. 

Paradoxically, the monsoon that fol¬ 
lowed was pour, and over half the 
country received deficient rains. The 
drought was one of the worst in several 
decades, .said the experts. And as if this 
was not enuugh, the winter of 1983 saw 
the rabi crop in noith India badly 
damaged by cold .spells, rain, snow and 
hail. 

The weather was behaving erratic, 
and it set economit planners worrying: 
wa.< the weather tvtie changing forever 
over this part ol the globe’ The Govern¬ 
ment of India then appointed a com¬ 
mittee, headed by Prof. Yash Pal, Sci¬ 


entific Adviser to the Planning Com¬ 
mission, to study the question. But the 
committee found the changes in the 
weather pattern more apparent than 
real. 

The fact, however, is that the climate 
is never static. Every decade and every 
year differs from another in random 
fluctuations, though there is a broad 
trend underlying these fluctuations. To 
understand this trend is important for 
planning for the future. Looking at the 
past trend, and considering all the 
factors that influence rainfall, India can 
possibly look forward to excellent mon¬ 
soon conditions during the 1990s after 
a prolonged bad patch from 1965 
onwards. 

Basically, the c!<mate depends on the 
Sun. With a view to discerning the 
climatic changes of the Earth, climato¬ 
logists have in recent years begun an 
intensive study of the temperature 
changes on the Earth. This study had 
revealed that the Earth had warmed up 
slightly from the late 19th century upto 
the 1940s and cooled subsequently 


upto the 1970s. The worldwide average 
temperature rose by about 0.5"C (the 
average global surface temperature is 
about IS'X:) from 1880 to 1940 and has 
fallen by 0.1" to 0.2"C since then. 
Climatologists had. till now tried to 
explain these temperature trends on 
the basis of two processes: (i) the 
wanning caused by the increasing car- ^ 
bon dioxide build-up in the atmosphere 
(the greenhouse effect), and (ii) the 
variable cooling effect produced when 
great volcanic eruptions spread dust 
high into the atmosphere, blocking 
some of the heat from the Sun from 
reaching the Earth (volcanic eruption 
effect). 

Consequent of our increasing use of 
fossil fuels like coal and* oil, carbon 
dioxide has been accumulating in the 
atmosphere. When these fuels are 
burnt they produce carbon dioxide 
which is released into the atmosphere. 
This carbon dioxide lets in the short*- 
wave radiation from the Sun, but it 
traps the long-wave radiation (infra 
red) emitted from the Earth’s surface. 
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India can pdssibfy look forward to 
excellent monsoon conditions during the 
1990s after a prolonged bad patch 
since 1965 



1880 1900 1920 1940 

Fig. 1 TAe wanning tread In the northern hemisphere 


thus warming up the lower atmos¬ 
phere; this is the so-called ''greenhouse 
effect”. Standard climatic models sug¬ 
gest that doubling the concentration of 
carbon dioxide in the atmosphere will 
warm the Earth by about 2"C. Scien¬ 
tists say that by now the carbon dioxide 
in the atmosphere has gone up by over 
^10 per cent of the level since 1890, 
i nearly half the increase having occur¬ 
red after the Second World War. If the 
standard calculations of greenhouse 
effect are taken as correct, it is 
apprehended that over the next 30 
years the Earth’s temperature is likely 
to rise by a full degree centigrade, 
unless other processes counteract this 
everincreasing influence. 

Volcanic eruptions have an opposite 
effect on the climate. The great volca¬ 
nic eruptions spread dust high into the 
stratosphere (layer of the atmosphere 
extending from about 13 km to 56 km). 
In course of*time. this dust envelops 
the stratosphere and blocks some of the 
solar radiation from reaching the 
Earth’s surface. The greatest known 


volcanic eruption, that of Tambora in 
Indonesia in 1815, had belched 80 
cubic kilometres of ejceta into the 
upper atmosphere. This volcanic erup¬ 
tion produced what climatologists cal¬ 
led the Vear of no summer’ in the New 
England area of the United States and 
brought ice to London’s Thames River. 
The great eruption of the Krakatoa 
volcano in August 1883 had reduced 
the incoming radiation by as much as 
25 per cent. Eighty years later, the 


Mount Agung eruption in Indonesia in 
March 1963, climatologists believe, . 
eventually contributed to the severe 
winters in the northern hemisphere in.. 
the mid 1960s. The explosion of the .! 
Chinchonal volcano in southeast Mex-J 
ico on 4 April 1982 had again thrown 
millions of tonnes of debris into the . 
upper atmo.sphere. The dust cloud ^ 
extended in a* band around the world, 
including over India, according to US 
scientists. This dust cloud, according 
to them, is likely to produce climatic . 
changes similar to those observed after 
such eruptions in the past. ' 

Since the early part of the present , 
century was quiet in terms of volcanic 
eruptions, the warming trend observed ! 
during this period can be said to be a | 
result of dust clearing from the stratos¬ 
phere. Similarly the recent cooling 
trend can be explained on the basis of 
the increasing volcanic activity. But in 
this scheme, the influence of carbon 
dioxide does not fit in. According to 
most climate modellers, the caihon 
dioxide-induced warming would have 
dominated the volcanic influence and 
caused the Earth to continue warming 
alter the 1940s. Whal other factor is at 
work then’ 

In 1979, Jack Eddy of the High- 
Altitude Observatory in Boulder. USA, 
dropped a bomb-shell that the Sun wa.s 
shrinking. The shrinkage was at such a 
rate that if it continued the Sun would 
disappear within a hundred thousand 
years. Evidently, Eddy's discovery im¬ 
plied that the Sun is merely in a 
temporary phase of contraction, which 


Fig. 2 The Krakatoa volcano In Indonesia erupts, throwing enormous amount of lava, ash 
and mud Into the atmosphere. The dust, spreading very far,reduces the amount of solar 
radiation that reaches the Earth 
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How does a forecaster predict the daily weather? 


W EATHER forecasting is vital to 
shipping, aviation, agriculture and 
many other economic actiities Weather 
prediction techniques can be divided 
into two parts 

(i) Weather analysis, that is. the re 
construction of the current situation on 
the basis of thousands of surface and 
upper air meteorological observations 
taken simultaneously all over the world 
and exchanged between different fore¬ 
casting centres with the help of hist 
telecommunication channels These 
observations are plotted on various 
charts which are analysed, the forecas 
ter delineates areas where the lower 
atmosphere shows the presence of ver¬ 
tical motion marked moisture flux and 
atmospheric instability These factors 
are essential for the development and 
growth of rain-bearing clouds 
(ii) Weather prediction using certain 
techniques not strictly based on any 
general theory Even May, virtually all 
prediction methods used are a mixture 
of subjectively assimilated experience, 
piecemeal statistical relationships and a 
certain amount of physical reasoning, 
there is no single consistent set of rules 
for judging Indeed the art of weather 
forecasting is not exactly scientific even 
today 







F rom a IheoretKdl point ol view if the 
initial state of the atmosphere and the 
laws that govern its motion were known, 
the future behaviour of the atmosphere 
can be predicted by mathematical de¬ 
ductions The set of hydrodynamic equa¬ 
tions which govern atmospheric mo¬ 
tions has been known since earlv in the 
nineteenth century and as early as in 
1858, the German hvdrodynamist, von 
Helmholtz, studied them as a possible 
means of dealing with meteorological 
problems But the equations were too 
difficult to solve analytically A turning 
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point in the development of numerical 
weather prediction was the meteorolog¬ 
ist’s realisation that the general hyd- 
rodynamical equations could be solved 
in principle by purely numerical 
methods L P Richardson, a British 
meteorologist, designed and carried 
through a finite-difference scheme for 
solving the non-linear hydrodynamical 
equations for meteorological purposes 
This was the first genuine attempt at 
dynamical weather prediction In this 
Richardson encountered two formidable 
difficulties First the computational 
work was so great that there could be 
little hope of producing timely forecasts 
Richardson himself had estimated that it 
would take about 64,000 persons using 
table calculators just to predict weather 
as fast as it developed in nature, let alone 
gam on nature Second, Richardson's 
equations were oversensitive and even 
slight errors in the initial conditions 
would lead to large errors m predictions 


The nmor difficulties have now been 
circumvented Methods have been found 
to remove the oversensitivity of the 
prognostic equations, and the develop¬ 
ment of computers had solved the calcu¬ 
lation problem 

The oversensitivity of the prognostic 
equations were removed by a judicious 
use of the so-called "geostrophic approx¬ 
imation’ , first introduced by the British 
meteorologist, J G Charney. The 
atmosphere is always very close to a 
state of mechanical equilibrium and 
hence the horizontal pressure-gradient 
force is almost exactly in balance with 
the Coriolis force arising out of the 
rotation of the Earth This semi- 
empirical relationship—the so-called 
'geostrophic wind approximation”—is 
invoked frequently in meteorological 
argument The simple dynamical model 
adopted by Charney could predict the 
behaviour of the largescale atmospheric 
disturbances with an accuracy compara¬ 
ble to that attained by an experienced 
weather forecaster But Charney’s sim¬ 
ple model could only predict how a 
disturbance moves once it is formed but 
not the formation and growth of new 
disturbances, which are the essence of 
all meteorological forecasts Many more 
general models have since been prop¬ 
osed. some of them capable of predicting 
growth of weather disturbances as well 
Today many dynamical modellers claim 

A ndeneope picture of e qycfojie 



that the relatively crude methods of 
dynamical weather prediction arc 
already as effective as the subjective 
techniques used by skilled forecasters 
In their opinion they are accurate 
enough to justify putting them into 
practice 

In India, the application of numerical 
models in day-to-dav forecasting is 
beset with many problems First, the 
so-called "geostrophic assumption” does 
not strictly apply to the tropical region 
of the Indian subcontinent. Second, the 
computer requires a set of initial values 
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a ndMWk tf Aimte polnto fllHng the 
tire area nr which the prediction is to 
made. Although upper-air ohierva- 
tions are now much more frequent, 
more dense and more accurate, Indian 
meteorologists are still confront with 
the proMem of inadequate data from the 
vast oceanic areas surrounding the 
country and also from countries beyond 
our western frontiers. Mqjor weather- 
producing systems like depressions, cyc¬ 
lones and hurricanes form and intensifr 
over the oceans but dynamical modellers 
have to depend entirely on the manipu¬ 
lated data fed to the computer for the 
vast oceanic area. Over the Atlantic and 

« e Pacific, observations recorded by 
rather reconnaissance aircraft are util¬ 
ised over such data-sparse regions. 
Nevertheless, the various prognostic 
weather charts issued daily by the 
numerical weather forecasting division 
of India Meteorological Department 
serve as a powerful feedback in com¬ 
plementing the existing conventional 
weather prediction techniques. 

The cloud photographs received day 
and night from the polar orbiting satel¬ 
lites as well as geostationary satellites 
enable the forecaster to maintain a 
constant vigil over the formation, inten- 
\ sification and movements of tropical 
yh cyclones. India's own geostationary 
satellite insat-ib sends pictures of the 
atmosphere every half-an-hour. Eight 
cyclone detection radars installed on the 
east and west coasts watch for any 
possible threat from cyclones and hurri¬ 
canes. 



Satellite pictures show the distribu¬ 
tion of clouds over a region, and by 
studying a sequence of such pictures one 
can work out bow fast the clouds are 
moving. One can also calculate the sea 
surface temperature from satellite pic¬ 
tures; the sea surface temperature influ¬ 
ences the development and movement of 
clouds. However, satellite pictures can 
help in estimating wind velocities in 
only those atmospheric levels where 
.clouds are formed. If there is no cloud, 
r one cannot deduce wind velocities from 
the iHctiwei, - „ M 


must soon be halted and reversed. 
Close on the heels of the startling claim 
by Eddy, David Dunham and his col¬ 
leagues in the USA concluded in De¬ 
cember 1980 that between 1715 and 
the 1970s the Sun had shrunk by 0.34 
second of arc (the Sun has an angular 
diameter of 32 minutes of arc) and that 
between 1976 and 1979 there was no 
measurable change in the solar radius. 
Simultaneously, John Parkinson and 
his colleagues in the UK suggested that 
the Sun’s size varied with a cycle of 
about 80 years. And then in 1981, 
Ronald Gilliland, USA, concluded from 
a battery of statistical tests that there 
was an overall decline in the solar 
diameter of about 0.1 second of arc per 
century since the early 1700s. By 
resorting to standard statistical tests 
aimed at revealing small and regular 
changes in the pattern of variability, he 
also showed that the periodic variation 
in the Sun’s radius repeated in a cycle 
of 76 years. This almost exactly fitted 
with ^e periodic variation suggested 
earlier by Parkinson. 

The best fit between theoretical cal¬ 
culations and actual observations is 
obtained if this factor, the solar varia¬ 
bility, is incorporated in the model of 
global temperature variation. As the 
size of the Sun varies, so also its heat 
output Gilliland’s model suggests a 
24-year lag between the inaximum of 
solar size and the peak warmth pro¬ 
duced by it on the Earth Oust as 22 
June is the day of longest sunshine but 
the maximum warming of the northern 
hemisphere occurs much later because 
of the cumulative addition of heat, the 
day being greater than the night). The 
warming trend during the early part of 
the century is now explained to have 
been caused by a combination of solar 
and volcanic influences. 

During the first four decades of this 
century, for instance, western Europe 
experienced less severe winters. By 
1938, the ice cover over the Arctic 
Ocean had retreated farther north than 
ever before in modem times. The 
dustbowl in North America during the 
1930s was the result of a combination 
of these two factors. Prom about 1940 





to 1970, both the solar and volcanic 
influences were acting to cool the 
Earth. And this cooling was more than 
compensating the warming produced 
by the rapid build-up of carbon dioxide. 
There had been a sharp increase in the 
frequenQi of severe winters over 
Europe since about the 1940s. The 
extent of ice over the Norwegian and 
Barents Sea had also started increasing 
since about 1940 and by 1962 its extent 
in this sector was apparently greater 
than at any time since the 1880s. 

The Indian summer monsoon and tlie 
solar cycle 

In this century the Sun had attained 
the maximum of its 76-year cycle of 
variability in 1911 and a minimum in 
1949. The peak warmth produced due 
to the maximum solar diameter was 
around 1935 (because of the 24-year 
lag mentioned, earlier) and the max¬ 
imum solar cooling due to the mini¬ 
mum solar diameter was around 1973. 
Figure 5 shows the schematic variation 
of global temperature associated with 
this solar cycle alone for the period 
1860 to 2010. The number of sub¬ 
divisions (in per cent) in India which 
experienced deficient or scan^ rainfall 
during monsoon months from 1875 to 
1983 has also been plotted in the same 
figure. 

The period 1916 to 1954 saw a warm 
solar epoch and another warm epoch is 
to commence from 1992 onwards. The 
warm epochs cause a general streng¬ 
thening of the circumpolar westerlies 
(the so-called strong zonal circulation) 
because of the increased availability of 
solar energy (Fig. 3). During the period 
of strong zonal circulation the sub¬ 
tropical anticyclones develop more in¬ 
tensely and move toward higher lati¬ 
tudes compared to its normal position 
(30-35”) North or South latitude (also 
known as Horse latitude). Relatively 
long, small-amplitude waves which 
characterise the circumpolar westerlies 
during the period of strong zonal 
circulation remain restricted to mid- 
latitudes only (Fig. 4a). Troughs in 
circumpolar westerlies do not extend 
very far south into the subtropical 
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; ■ latitudes. A smaller number of "west- 
arn disturbances" |low pressure areas 
which generally form over the Mediter- 
>' ranean come over north India after 
crossing Iraq, Iran, Afghanistan and 
Pakistan and then move away further 
eastwards across the Himalayas. 
i Though on occasion they appear as 
; cyclonic circulations (circulation rotat- 
\ ing in the anticlockwise direction in 
the northern hemisphere) in the tro¬ 
posphere, they generally come over 
India in the form of troughs in-the 
circumpolar westerlies (Fig. 4). In 
association with these disturbances, 
north India experiences rain, snow and 
hailstorms during winter, pre¬ 
monsoon and post-monsoon months. If 
they come over India during monsoon 
months, they generally lead to the 
- Stoppage of rainfall over central and 
north India) move across north India 
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during the winter. This leads to de¬ 
creased winter precipitation over north 
India and the Himalayas. In the tropics, 
the meridional circulation (Fig. 3) 
becomes strong and extends well to the 





Fig. 3 Wind bhwa from artas of high atmoaphark prtaaart to those of low pnssurt. 
Thera Is a low-pressure belt about Ae equator and two low-pressure belts around Ae 
AretkandAntarettedreks. There are two hl^i-iuessarebelta at about 30‘-SS'norA and 
souA of the equator known as subtropkal hlifiu or sub-tro^eal antkydbnes. in dw 
northern hemisphere, nmthward and soutinrard nuwtag eurrenls get transformed tato 
westerly and eastarly winds reapeetkely due to Ae rotation id Ae EarA. Westerly wl^ 
udikh Now -from the suNnplad aatkydorres towards the Arctk and Antaretk 
kw-pressure helta are known as dreunmolar westerlies. The tropkN meridional (norA 
attd aouA) drculatlon cell extends horn Ae equatorial low-pressure belt to Ae 
sobtrapknlhl^t-pressurebelt. ConsUertagAettorAemhettdsphere, warmandmedstNr 
rlees near the equatorial hw-preasure Ml. moves ahft ttorthwe^ as aouA wtads, 
descends near the subtropkal high-prtssure bNt as eoU and dry rdr md Aon moves 
towards the equatorial kw-pressure hsU as htw level northerly wtads A: the trop k al 
meridkmNeea (Madky Off). Bs the polar front cefl. C: saUaebAudlnaleeB. B: easterly 
udttds, and IF; westerly wtads 


north. Consequently, the monsoon sea¬ 
son gets prolonged and more rains 
occur over the tropics. Thus It is seen 
that winter rains (December to Febru¬ 
ary) and summer monsoon (June to 
September) rains over the tropics and 
the adjoining sub-tropica! region are 
negatively correlated, that is. good 
winter rains will mean poor rains in th^ 
summer monsoon. An analysis of the 
rainfall records of India from 1875 to 
1970 had also shown that the winter 
precipitation over northwest India is 
negatively correlated to summer mon¬ 
soon rainfall in both northwest and 
I>eninsular India. Henry F. Blanford 
(the then chief Meteorological Reporter 
to the Govt, of India) had postulated as 
early as 1884 that an unusual amount 
of precipitation over northern India 
and the Himalayas in winter may cause 
the succeeding summer rainfall to be 
poor over India. Since the monsoon ^ 
rainfall forms the bulk of the annual 
rainfall in India, a good winter precipi¬ 
tation is generally an ominous sign of a 
bad monsoon. The year 1982 proved to 
be a striking example. 

Figure 5 shows that during the 
34-year warm period from 1921 to 
19M, there were only four occasions 
when more than 30 per cent sub¬ 
divisions received deficient rainfall. 
The good rainfall period extended 
further upto 1964 even after the begin¬ 
ning of the cold solar period from 1955. 

In fact, the years 1942 to 1950'and,/ 
from 1953 to 1964 have been the best ' 
years of monsoon rainfall in the 109- 
year period (1875 to 1983). 

During the last one century, there 
were two cold epochs—1878-1916 and 
another that started in 1954 and ex¬ 
pected to last till 1992 (Fig. 5). The 
cold epochs cause a general weakening 
of the circumpolar westerlies (the so- 
called weak zonal circulation) because 
of the reduced solar energy supply. 
During the period of weak zonal circu¬ 
lation, the sub-tropical anticyclone is 
less developed and moves very much 
south of its normal position. Relatively 
short, large-amplitude waves develop 
in the circumpolar westerlies and the 
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strongest westerly flow tends to flow at 
comparatively low latitudes (Pig. 4b). 
The trouj^s in tropospheric westerlies 
extend Into the sub-tropics and even 
into tropical latitudes. A greater num¬ 
ber of “western disturbances” move 
across north India during winters lead¬ 
ing to increased precipitation over 
*|k>rthwest India and a greater snowfall 
oK'er the Himalayas. South of the sub¬ 
tropical anticyclone, the tropical meri¬ 
dional circulation contracts and the 
monsoon rains do not extend far north. 
As the rains in many subtropical re¬ 
gions are associated with the seasonal 
migration of the equatorial rainfall 
belt, the narrowing of this rainfall belt 
causes many rainfall seasons to become 
shorter. 

During the first cold epoch (1878- 
1916), India experienced a number of 
\ severe droughts between 1891 and 
1915 (Pig. 5). This dry spell actually 
extended upto 1920. During the 30- 
year period from 1891 to 1920, there 
were 10 occasions when monsoon rains 
foiled over more than 30 per cent 
sub-divisions. The tropical rainfall also 
decreased abruptly at the end of the 
19th century over tropical Australia, 
parts of the Pacific, Colombia, Mexico, 
north-east Brazil, the Caribbean. Afri¬ 
ca, southwest Asia and Ceylon. This 
widespread drought lasted-^ith some 
interruptions—at least for 15 years, 
w Similarly, in the current second cold 
' epoch (19M-1992) also there had been 
several largescale failures of monsoon 
rainfall over India between 1965 and 
1982. Out of a total of 35 sub-divisions^ 
rainfoll deficiencies occurred in 11 to 
14 sub-divisions in 1965, 1966, 1968, 
1974 and 1982. in 17 sub-divisions in 
1979 and in as many as 21 sub¬ 
divisions in 1972. 

The next two 'decades 
The solar diameter is approaching 
another maximum in 1987. This will 
contribute to warming the planet upto 
the year 2010 which will, in turn, add 
to the everincreasing greenhouse 
effect. The combined warming influ- 
/ence is likely to cause during the 1990s 
^ a return of the excellent climatic condi¬ 
tion for agriodture that prevailed over 


India during 1921 to 1954. India can 
possibly look forward to an excellent 
monsoon condition during the 1990s. 

A look at Fig. S will show that the 
bad monsoon years which started to¬ 
wards the middle of the first cold epoch 
around 1891 continued till 1920. even 
after the beginning of the warm epoch 
in 1916. If we assume a similar trend 
during the current cold epoch, mon¬ 
soon rainfoll over India may turn out to 
be somewhat deficient till 1990. But 
the everincreasing greenhouse effect 
consequent of carbon dioxide accumu¬ 
lation may however hasten the return 
of good monsoon years even before 
1990. However, there is alw^s a cer¬ 
tain amount of uncertainty in any 
long-range prediction. After the erup¬ 
tion of the Mexican volcano in 1982, 
many experts predicted a fall in world 
temperature in 1983, but 1983 proved 
to be the fourth warmest year on 
record. 1981 being the warmest year 
ever recorded in the northern hemis¬ 
phere. And contrary to the prediction 
of many weather experts, 1^ proved 
to be an excellent monsoon year for 
India and the country harvested a 
record foodgrain production of nearly 
150 million tonnes in 1983-84. (India 
Meteorological Department had pre¬ 
dicted normal monsoon rainfoll over 
India during 1983) 

The warming influence of the in¬ 
creased soiar diameter is now in conso¬ 
nance with the greenhouse effect 
whereas during the past 30 years they 
had been counterbalancing each other. 
The combined influence, it is 
apprehended, might give rise to a 
much more rapid and pronounced 
warming of the Earth than has pre¬ 
viously been thought likely. Beyond the 
turn of the century, this rapid warming 
may lead to conditions hitherto unseen 
on the Earth. So for the Earth had 
experienced a maximum fluctuation of 
about +0.4* Celsius about its mean 
temperature. A further nse by mother 


0.2* may lead to catastrophic results. If 
the mem temperature of the Earth 
increases by as little as one degree 
Celsius from its mean value, ecologists 
warn that a cataclysmic chain reaction 
will be set in motion: the polar ice caps 
will start melting: consequmtb^. the 
ocem level will rise so much that all 
coastal cities will get submerged in 
course of time; and weather conditions 
will change so drastically that all plant 
md animal life will be severely aflected 
and many fertile Imds will turn into 
deserts. 

The weather over different parts of 
the globe undergoes seasonal changes 
with the movement of the Sun. The 
global atmospheric circulation pattern 
always adjusts itself in such a manner 
as to minimise the glaring disparity 
between places. During summer whm 
the temperatures reach unbearable 
limits over any part of the globe, 
processes like blowing of cool breese, 
rain, thundershowers, etc are set In 
motion to minimise the thermal effect 
To summarise, we can say that nature 
devises means against abnormal en¬ 
vironmental changes. At the turn of the 
new century, as the Earth approaches a 
superthermal state, processes may start 
working to bring it back within permis¬ 
sible temperature limits. Severe volca¬ 
nic eruptions and earthquakes are the 
two processes which can help cool the 
planet. Will our planet face a chain of 
severe volcanic eruptions and earth¬ 
quakes with the turn of the new 
cei.tury? 

Mr. Vu» a Director of the Atm Cpebmt 
Wammg Centre, Bombay, After Joking the Aufte 
Metaorologtcal Department In 1963, he teorked 
as a senior forecaster at the Bombay Memo- 
tnnal Airport for ten years From 1973 to 1976. 
he was the chief foneastar at the Meteorohgkal 
Centre, Gauhatf, whkh eaters to the meleorolo- 
gleal needs of seven easternmost States. Smee 
1976. he has been wortkg as the chief forecaster 
at the Area Cycbme Warntny Centre, Bombay. 
His debts of research include tropic^ revobdny 
storm, hailstorms and other severe local storms. 
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COOKINe A PROGiUUIli 
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W E now h 2 we a general idea of 
what a computer is and what 
it can do. The next obvious 
question is—how to make 
the computer do what we want? In 
other words, given a problem how do 
we attempt a solution with the help of a 
computer? 

This process is called programming. 
The programming process involves 
three phases of activity; 

(i) formulating the problem precisely 

(ii) envisaging the solution to the prob¬ 
lem as a sequence of actions 

(iii)translating these actions to instruc¬ 
tions executable by a computer. 
The second phase, known as algor¬ 
ithm dcvdopaicntt forms the central 
part of this activity. We shall first see 
what algorithms are before going to 
each one of the above in detail. 

An algorithm is a method, outlined 
as a sequence of steps, to arrive at the 
solution to a given problem. For exam¬ 
ple, to find the number of days between 
15-Feb-1984 and 21-Mar-1984, one 
could use the three-step algorithm: 

□ Find the number of days after 15- 
Feb-19S4 before l-Mar-1984; 

□ Find the number of days after 29- 
Feb-1984 before 21-Mar-1984; 

□ Add the two to get the answer. 

To devise an algorithm, we need 
neither a computer nor a programming 
language. Indeed, mathematicians 
have been familiar with the notion of 
an algorithm for centuries. The word 
algorithm is derived from Al- 
Khwarizmi, the eminent ninth century 
mathematician and author of The 
Astronomy Tables, Arithmetic and 
Algebra. In fact, we devise algorithms 
frequently in everyday life. For exam¬ 
ple. to cook pulao for 10 people, a 
housewife may use the following algor¬ 
ithm (recipi). 


Wash 5 caps of rice and dram 
the water; 

Cut the vegetables; 

Take 4 tablespoons of ghee and 
fry the vegetables with garam 
irmala; 

When the vegetables are quarter 
done add rice and fry some more; 


When the mixture starts having 
the pan add 8 cups of water, salt 
and a pinch of turmeric and 
cook; 

Cornish with fried nuts and 
raisins. 


Another familiar example of an 
algorithm is the use of a route map to 
find directions to a destination. An 
important characteristic of an algor¬ 
ithm is that it guarantees the required 
result in a finite time. Expressed in 
computer science parlance, an algor¬ 
ithm should, by definition, tenniiiate. 

We can say, briefly, that an algor¬ 
ithm is nothing but a computational 
method or a procedure to carry out the 
required task. To use the most efficient 
algorithm for the given problem would 
be the aim of a programmer. With thte 
idea of an algorithm in mind, we 
analyse the programming process. 

Problem specification 

The most important and perhaps the 
most difficult step in programming is 
formulating the problem precisely. 
Programmers find that many of their 
troubles arise from the fact that the 
specification of the problem is incor¬ 
rect, ambiguous or incomplete. When 
we say that a program works, we only 
mean that it works within some given 
specification. Once the specification is 
changed the program may become 
quite useless. 

Consider the algorithm for making 
pulao. We know that it works when we 
have 10 guests, but if we change the 
specification and attempt to feed 100 
people, it does not work at alll We can 
of course change the program to work 
for feeding N people, where the value of 
N is taken as input at the time of 
execution. Howe'’er, when we want to 
cook pulao for 500 people, even the 
method of preparation may change 
drastically. For example, instead of 
flying the vegetables and rice one after 
another and then cooking, we' may 
have to cook together rice and veget¬ 
ables In a huge vessel, and then fty it. 
Indeed, this problem is fairly common 
in Computer Science, particularly so in 


business data processing: as the 
volume of data increases, the structure 
oi algorithms may also change. 

In fact, the specification for the 
pulao program is rather incomplete, 
because it just says “pulao has to be 
served for 10 people”, without specify¬ 
ing when (after all, nobody is going to 
wait too long for the pulao to gcd 
reac^). If it has to be ready within say, 
twenty minutes, the program simply 
does not work! To do the job fast, one 
may need several vessels and cook on 
many stoves in parallel and employ 
more than one person to cut veget¬ 
ables. Such distributed solutions are 
common in Computer Science, where 
many programs are executed in parallel 
to carry out a task. 

Thus, problem formulation includes 
the specification of available resources 
and expected performance levels. Then 
we go on to design algorithms which 
use only available resources and meet 
the performance requirements. Analys¬ 
ing a program to find out how much 
time it would take to execute on any 
given computer and what resources it 
would need is known as complexity 
analysis. 

In general, how do we go about 
writing proper program specifications? 
There are no clear cut rules for this, 
but an example might help. Let us 
write a program that goes through a 
list of students and their marks to pick 
the student who has got the maximum 
marks. Let us attempt a precise specifi¬ 
cation for this program.The statement 
of the problem should be as unambi¬ 
guous as possible (some formal lan¬ 
guage like mathematical logic may be 
needed for stating the problem). 

We spell out the problem explicitly 
in the following terms. 

A) Let L be the list of students and 
marks. Symbolically we write 
L«<N,M> where N is a student’s name 
and M is N’s marks. The problem is to 
find X such that <x, max> is in this list 
and is also such that max is the highest 
marks in the list. 

Obviously the data needed is the list 
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L. Further, we have to specif' the 
source and form of data clearly: 

B) The data file student contains the 
list L. Bach element of L is in the form: 
a 30-letter name, followed by 3-digit 
marks. 

V The output needed has also to be 
dKplicitly specified: 

C) Type the name and marks of a 
.student who has scored maximum with 
a suitable message. 

(Note that the specification is unfair in 
a sense—even if many students have 
scored the highest, only one name gets 
printed!) 

The specifications should also in- 
P elude details of what should be done in 
yh case the required information is not 
available: 

D) If the STUDENT file is empty or if it 
contains data not in the specified form 
or if any student has marks more than 
100, print an error message. 

It is sometimes necessary,to specify 
performance requirements like speed, 
memory required, frequency of prog¬ 
ram usage, volume of data etc. For our 
example, how'ever, yie may like to 
specify a different type of efficiency 
^ requirement: 

E) Once a student is found to have 100 
marks, stop processing. 

Specifications also serve documenta¬ 
tion purposes. When different persons 
of a programming team work together 
on a package (a set of programs for one 
application), the specification provides 
a way of communicating details about 
the program. For large application 
programs in business data proces¬ 
sing,. it is common for the systems 
analyst to write the specifications while 
several programmers write the prog¬ 
rams. Further, program specifica- 
r tions serve as a contract between the 
programmer and the user and play the 


role of an arbitrator in any argument 
between them. 

Flowcharts and Algorithmic languages 

Once the problem specifications are 
made clear, we start thinking about a 
solution. One question arises immedi¬ 
ately; after we formulate a solution, 
how are we to articulate it as a 
sequence of actions? 

Our first step is to classify the data 
into two groups. Those whose values 
are known and those whose values are 
unknown. With each unknown, we 
associate a variable with a suitably 
chosen name. Any data whose value is 
known and remains unchanged is edi¬ 
ted a constant. A variable may be 
thought of as a memory location which 
holds different values at different 
times. If X is a variable and v is any 
value, we shall use the notation. 
x«- V 

to denote that whatever value was 
present in the location x is erased and a 
new value v is put in. This is called 
aasignment. What if we have data 
items which require not just one loca¬ 
tion, but many? In such a situation, it 


is customary to use array variables—an 
array is a sequence of locations referred 
to by a single variable name. If marks is 
an array variable, we write marks (1) to 
denote the first element of the array, 
MARKS (5) to denote the fifth element 
and so on. In fact, marks (J) will denote 
the Jth element in the array. J is called 
an index variable—of the array marks. 

The actions or operations to be 
executed are specified in terms of the 
variables. Many programmers use flow¬ 
charts for this purpose. In a flowchart 
actions are symbolically represented by 
boxes and the sequencing by arro'ivs 
connecting the.se boxes. Though the 
boxes are normally square, decisions 
are distinguished by diamond-shaped 
ones. Above is an example of a flow¬ 
chart. Special symbols are used in 
flowcharts to indicate some other de¬ 
tails, which we shall not consider here. 

A m^or problem with flowcharts is 
that they can be very difficult to 
understand. It is more so as the size of 
the program gets large. When flow 
charts run into several pages one has to 
pore over a maze of arrows and follow 
the sequence of operations through 
complicated routes. When this is the 
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situation, mistakes can easily creep in. 
This becomes unavoidable when the 
program fails to work and has to be 
looked into and corrected. (In the 
programmer's jargon, we are looking 
for a bug in the program so that we 
can debug it.) 

An alternative approach is to recog¬ 
nise that some basic instruction pat¬ 
terns appear often in flowcharts and to 
build an algorithmic language using 
such patterns as basic units (con¬ 
structs). The main basic patterns we 
come across are: 

□ The conditional execution, where a 
condition determines which set of 
instructions is to be executed 

□ The iterative execution (commonly 
called a loop), where a condition 
determines how many times a given 
set of instructions is to be repeatedly 
executed. 

The box alongside gives such an 
algorithmic language and we build our 
programs based on this. 

Planning a program 

Now we can write specifications for a 
given problem and are also familiar 
with the language* constructs into 
which we need to translate the solu¬ 
tion. How do we proceed to the task of 
finding the solution that meets the 
specifications? The answer to this de¬ 
pends on the problem-solving methods 
we resort to. 

One of the mosi important program¬ 
ming strategies advocated in Computer 
Science is called stepwise nfinement. 
We start with a specification, rewrite it 
as a set of sub-specifications, take each 
one of these and repeat the process till 
each line can directly be translated into 
a statement in the algorithmic lan¬ 
guage 

Let us now return to the student- 
marks example and write a program 
We use two array variables NAME and 
MARKS, and a variable i to index the 
arrays. N is a variable which can hold a 
name and m, marks. Let max be the 
variable which will eventually contain 
the position of the maximum marks in 
the array marks, tot will hold the total 
number of students. 


AlgoMmic bngiiiie 

The stafomentsin the aigortthmic lan- 
Iguage are: 

Assignment Statement: 

wiaUi «- agmadon 
Conditional Statement: 

If eonSthn th«i fstatepiente J}' 
else (stetaiiientf 2 > ' 

If oondithpi is true execute the statements 
In 1, otherwise execute those in 2. 
Repetitive Statement: 

While amBUon do {statunmtt} 
.Execute statements Inside braces as long 
as the condition is titie 
Input Statmnent: 

read from Bknuae fdste^Ip-he-rasdE) 
OiHput Statement: 

print (dat»4o-bt-^inttd) 
Continuation Statement: 
skip 

Do nothing and move to next statement 
Sequencing of statements: 

' Stitemmt 1: Statement 2 
Execute Statement 1 first and then 
Statelet 2 
Comments: 

(COMMENT some description) 

The comment is not executed; it serves 
only to explain the algorithm. 


To start with, let us write the prob¬ 
lem specification as a set of commands 
which the computer should execute to 
find the maximum: 

□ Read names and marks from the file 
STUDENT and store it in arrays name 
and MARKS respectively; 

□ Find the maximum .value in the 
array marks and put index in max; 

□ Print NAME (MAX) and marks (MAX) 

However, the computer cannot ex¬ 
ecute these commands as they are. So 
we go on to refine the program by way 
of breaking up each command into 
many simpler onco. 

First, the third subspecification in 
the above can be translated into our 
algorithmic language as: 

Print ("The student who has the 
maximum marks is", NAME (MAX), 
“and he/she has got'— marks (MAX), 
“marks") 


The first sub-specification can be 
rewritten as: 

read a student's name and, his/her 
marks into the next available posi¬ 
tion in the arrays name and marks 

repeat this process until the en¬ 
tire STUDENT file is read 

To do this it is necessary to know, 
which locations in the array are avail-' 
able. Initially all these are available and 
we can start with the first and fill up all 
the rest one after another. 

Since the process has to be repeated 
till the end of the student file is 
reached, the following while loop sug¬ 
gests itself: 
tot 0; 

while not end of 'student' file do 
{read from 'student' in. mi. 

(COMMENT increment tot to get next avail¬ 
able position) 
tot^tot+1: 

NAME ITOTI—N, MARKS ITOTj^M 
(COMMENT TOT has the totai number of 
students in file) 

Now we can go about finding the 
maximum. Let us first write a simpler 
program. 

Given two numbers x and Y. find max2 the 
maximum of the two. 

The obvious solution is to compare 
them and find which is greater, 
if x>v then (max 2 <- x) 
else (MAX24-V) 

Let us now extend the problem to 
find the maximum of three numbers 
instead of two; we need one more 
statement: 

if x>Y then {max3«-x) 
else (max3<-y} 
if z>MAX3 then {max34-z} 
else (skip) 

We compared X and Y. stored their 
maximum in max3 and compared that 
with z. This sugge.sts the following 
strategy for finding the maximum of K 
numbers: 

find maximum of J numbers in maxk; 
if J+lth number> MAXK then (maxk 
*-)- flth number} 
else {skip} 

repeat this process varying J from 2 to 
K-1 

Since the comparison process is the 
same for the first two numbers as for 
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the rest, there is no need to compare 
them explicitly. One way would to 
arbitrarily assign the first number to 
MAX and compare this with the second 
number onwards. 

MAX«-first number; I«-2; 
while I< K do 

{if Ith number > max then {max «- ith 

n^ber) 

elft (skip}; 

M+l) 

As we want to find the position of the 
maximum number rather than the 
number itself, we use max to hold the 
position of the current maximum 
rather than the maximum value itself: 
max<-1; I«-2: 
while I < TOT do 

{if MARKS 1| >MARKS (MAX) then {MAXf-I} 
else (skip); 

Putting all the parts together, we get 
, the algorithm given in program version 
^1. When we examine the algorithm, we 
find that only specifications A, B and C 
have been satisfied. To satis^* the 
specification D requires some error 
handling. The refinement of the file- 
reading part has to be modified to 
include this. An algorithm including 
such a modification is shown in prog¬ 
ram version II. Modifying the program 
to satisfy the efficiency requirement E 
would mean changing the structure of 
the program. This is left as an exercise 
for the interested reader. 

V IVagnui: Vmkn I 

Variables: i, n.m. max. tot; Anays: name, 
marks; 

TOTM-O; 

Raad/OK 

while not end of‘SiUDBur flk do 
{read from'sniDENT (N, Mh 
' tot«-tot+1; 

NAME ITOriN; MARKS (TOn M>: 

PMmaxtmm: 

MAX4-l;I'e2: 
while TOT do 

( if MARKS [1] > NARKS {MAXI then (MAX 

^I> 

else (skip): 

p^Hhe student who has got the 
fK)dt«Bn RslBl»is^ Nnaiw^ 

/MdwlMglft^kNMKStllAAi 

_ * ---- — -1-.. 


IlfRimBtfRMliUfa. 

IMtMss; i,N.M.MAX,fais Aingw: 

'MIRRIl 

If‘STODRNT fiiB<is empty then 
( Mint (‘srqivMP fife is empty’)) 

-lOTA-fk 

Htpdgk: 

While notend of'STUDBiir file do 
{read front wnxNmr (n, m 
if M> 100 or data not in forai then 
{ print fbioonroct data’M,M. 
'‘'o-wdected’)} 
else 

(tot<i~tot+1: 

NAME ItOTI N. NARKS ITOTl »- M}: 

FiadamiAman: 

MAX «-1:14-2: 

whileKTOTdo 

{if MARKS A > MARKS IMAXl then 

{MAX 4-1} 

else {skip); 

14-1+1} 

Print result: 

print {'The student who has got the 
maxiiniim maria is". nanI INAXL "end 
Iwfshe has got", NARKS INAXI,''tnaria''} 


Cheeking program cometness 

The program version 11 is better than 
the version I because it also performs 
input variation checks. However, both 
of them have a serious bug. We advise 
the reader to pause at this moment and 
try to discover the bug for herself. The 
answer and suggestions for debugging 
are given at the end of the article. 

This raises a serious doubt—though 
we seemed to be proceeding carefully, 
this bug has crept in! Usually, prog¬ 
rammers check their programs by hand 
for some test cases and then run them 
on the computer with more test data. 
In the process, many bugs are weeded 
out, but some unforeseen ones'may 
arise much later. If it should happen 
long after the program is written or if 
the program is very large, the prog¬ 
rammer will be put under .stress 
during debugging. This is where the 
ingenuity and skill of the programmer 
plays a major part: a good programmer 
takes into account all possibilities 
while developing the program. 

Such a situation is decidedly intoler¬ 
able when computers are used in critic¬ 


al applications like missile control, 
surgical operations in clinics etc. Dur¬ 
ing the 1970s there have been many 
research efforts towards mathematical¬ 
ly proving that a written program 
meets the given specifications. A 
methodology of programming has also 
been suggested where the program and 
its proof are developed hand-in-hand. 
Attempts are also being made to rele¬ 
gate this job of proving a program to 
the computer itself. In fact, such prog- 
nun verifiers do exist for some prog¬ 
ramming languages. There are also 
research efforts where the computer 
directly reads specification.*! written in 
some specification language and 
attempts to synthesi.se its own program 
to solve the problem. 

So far we have concentrated in 
developing programs. Analysing and 
improving a given program is a more 
complicated task. We shall tackle this 
problem in the next article. a 
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O BSERVING variable stars can he great 
fun. It is one branch of stellar astro¬ 
nomy where an amateur can also do some 
useful work. Variable stars are those that 
change in brightness over periods ranging 
from a few hours to a year or more. 

Variable stars can be divided into three 
distinct classes; regular, semiregular and 
irregular. The regular variables are of great 
importance to astronomers as some of them 
have greatly aided our understanding of the 
universe. 

Further, variable stars tall into two 
groups; extrinsic and intrinsic. In the 
extrinsic type the variability arises from 
causes outside the body of the star. Algol 
and Beta Lyrae fall into this group. Intrinsic 
variables are those whose variability arises 
from the stars own instability. The Cepheid 
variables are representative of this group 

Neatucing brightness 

The observation of variable stars is a 
matter of measuring in some way the 
apparent brightness of a star at some 
particular instant. Therefore fur visual 
observation, one chooses stars with large 
variations in brightness and tho.se within 
the telescope's aperture. 

Under the most favourable conditions the 
normal human eye is just capable of 
glimpsing stars of magnitude 6.5. Whence 
it can be deduced that the magnitude m of 
the faintest star visible with a telescope with 
aperture D mm is 
m» 7.1+5 log D 

which agrees closely with the result 
arrived at by assuming that a 25 mm 
objective will show stars to the 9th magni¬ 
tude. 


THE GAUCnCi BEACdlK 
variable stars 



The minimum aperture (x-axla) needed to observe a star of a given magnitude (y^s) 
and the best magnification range (along the bars) are shown 


Apparent and absolute magnitude 

Apparent or visual magnitude refers to 
the apparent brightness of a celestial body. 
The brighter the object the lower is its 
magnitude. The brilliant star Aldebaran in 
Taurus is of magnitude 1. The faintest stars 
normally visible to the naked eye (sharp) 
are of magnitude 6. The brightest stars have 
zero or, in a few cases negative magnitudes 
Sirius, the most brilliant star in the sky has 
a magnitude -1.4. On the other hand»the 
largest telescope can sho\v stars as faint as 
+23 in magnitude. A star of the first 
magnitude is one hundred times as bright 
as a star of magnitude six. It is important to 
know that a star’s apparent magnitude is 
not a reliable key to its luminosity. The pole 
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star (mag. 2) seems nearly three times 
fainter than Sinus, but since it is much^i 
more remote from us it should be more' 
luminous than Sinus 
On the stellar scale, the brightest planet 
Venus has a magnitude of about -4.b. Full 
moon -12 and the Sun -27 
Absolute magnitude is the apparent rnag' 
nitude from a distance of 10 paisecs or 
32.6 light years. At this di.stance Siiiu.s 
would have a value of +1.3, whereas the 
pole star would be a brilliant object ot 
magnitude -4.6. Absolute magnitude is, 
therefore, a measure of the star’s real 
luminosity. The absolute magnitude of our 
Sun IS +4.8, so that from a distance of 10 
parsecs it would be a dim object. j 


115158 Z UrtM Majorit 
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Tha Big Dippar 


rbe northern circumpolar semiregular variable Z Vrsae Madorls 
In the coostettaHon Ursa Magor (SaptarlshI) Is partkularfy well 
suited for the beginner (above). The chart alongside covering 
the close vicinity of the variahle should be used for tekscopk 
observation. Tim stars are represented as (Ufferentslwe dots 
hrdkatlng their brl^tness. The numbers nmet to some stars are 
their magnitudes 
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D^iM Cwphei ^puIutlngvariMble. Am it 
MWMUMMadeotttmciiiiMbrfghtaMMM VMrhM 


Aigol-^ Mdbfiittgbiiuuy. VMrtMUonM m 

dueioMcamiuuUottwbkbMclipMMMUu 

mMinMUr 


A iMmingulwuMh. Min is Mueb m MtMt 
with M long pMrIod 


Before you start observing the variable 
stars it is necessary to acquaint yourself 
with the sky and constellations. For this a 
good atlas is necessary (Nortan’s star Atlas. 
Tirion's sky Atlas. American Association of 
Variable Star Observers Atlas are invalu¬ 
able). Next an instrument for making the 
observations in the form of a telescope is 
needed. The most popular telescope used is 
J^a short focus (f/5 to f/8) Newtonian reflector 
"with an aperture of 150 mm or more. 

Delta Cephei 

In our astronomy club at Nasik, a new 
and very active member asked me recently 
*if I were to start observing a variable star 
tomorrow night what do 1 begin with?” 

“Delta Cephei” 1 said without hesitation. 

Why did I choose Delta Cephei so quickly 
from the thousands of variable stars visible 
from here? This is an ideal star to start with 
for many good reasons. 

First of all, the star should be easily 
located. Secondly, it should preferably be 
^between fifth and seventh magnitude so 
that it can be observed with only a 
minimum of optical aid—a small aperture 
telescope or binocular. Delta Cephei which 
forms a lovely triangle with Zeta and. 
Epsilon in the constellation Cepheus fulfils 
these requirements. For Zeta at visual 3.6 
and Epsilon at 4.2 make ideal comparison 
stars for estimating its brightness. Delta 
Cephei belongs to a group of variables 
called Cepheid Variables. Its variation is 
regular and accurate over a period of several 
days. It er^joys a leisurely decline to mini¬ 
mum followed by a last minute rush to 
maximum brightness. Delta Cephei is so 
bright bjecause it is much bigger than the 
Sun and hence more luminous. At it^ 
brightest Delta Cephei is easily visible at 
magnitude 3.6 and at its fiilntest it drops 
to 4.3. It has a period of 5 days 9 hours 
and its regularity is precise to afraction of a 
second. If you estimate its brightness every¬ 


day or two you will soon see how it seems to 
pulsate to the slow measured beat of a 
cosmic folk song. 

Though the constellation Cepheus is not 
too easy to identify, at the North it can best 
be recognised by thinking of it as a little 
'house' with a peaked roof. Delta Cephei lies 
near the bottom left corner of the ‘house’. 

A relationship between the luminosity 
and period of brightne.ss variation of 
Cepheids was discovered by the Harvard 
astronomer Henrietta Leavitta in 1908. She 
found that the brighte.st Cepheids had the 
longest periods from her observations of 
these stars in the Small Magellanic Cloud, a 
nearby galaxy to our own. 

Comparing the absolute magnitude of a 
Cepheid obtained from its period with the 
observed magnitude, its distance can be 
estimated. Measuring stellar distances is a 
trick y problem as the method of parallax 
can be used for the nearest stars. Farther 
out than about 200 light years the method 
becomes decidedly inaccurate and .statistic¬ 
al techniques have to be applied. The 
period—luminosity law of Cepheid is thu.s a 
valuable tool for measuring not only the 
distance of the Cepheid itself hut also of the 
star cluster or gala^ in which it may be 
situated. It is this property of these wonder¬ 
ful stars that prompted Henrietta to sugge.st 
that they can serve as galactic beacons 
for finding stellar distances. 

So when you begin observing Delta 
Cephei you will be examining an important 
part of history as well and your observations 
will be a replay of the careful research done 
by Henrietta. The light curx'e of Delta Cephei 
(magnitude variation with time) is shovi'n 
above. These vatiables display regular varia¬ 
tions climbing sharply to a maximum and 
dropping off slowly with periods ranging 
from a day to several weeks. They are, in 
fact, pulsating stars—expanding and con¬ 
tracting, giving off most light before they 
are at their largest. 


Some other variables 

Mira (in Latin, the wonderful) in the 
constellation Cetus is also among the 
better known variables. Although it has 
been known to attain 3rd magnitude it can 
slip down .to magnitude 9^/^ to become 
invisible to the naked eye for most of its 
period of fluctuation which is about 47 
weeks. Mira is a red giant .star. Antares is 
another red giant star to vary irregularly 
and It lies in Scorpius. Betelgeuse. the red 
giant in Orion ^alSo behaves in a similar 
fashion but the variation Is not so great. 

Variable stars which have completely 
predictable periods are the eclipsing binar¬ 
ies. If two close stars revolve around each 
other, when one passes in front of the other 
the total amount of light coming our way 
will get reduced provided the plane of the 
orbit IS suitably positioned. Algo) (in Latin, 
eye of the demon) in Perseus is a fine 
example with a period of just under 3 days. 
There are also some eclipsing binaries in 
which one of the components is intrinsical¬ 
ly variable. 

Flare stars, novae and supernovae are 
known as eruptive variables. Flare stars are 
usually dim red dwarfs, which can some¬ 
times hriflhtcn hv several magnitudes in a 
matter cjf minulc.>. Our «iwn Sun exhibits 
flares on a much smaller .stale. 

Novae are stars that blaze up suddenly, 
taking a few dav.s or le.s.s to reach maximum 
brightness (tens of thousand times its 
original) and then .vlowlv fade away into 
ob.scurit>'. Supernovae, which may brighten 
up by a factor (jf hundreds of millions are 
true celestial di.sasters. and are due to the 
almost complete disintegration of stars in 
awe-inspiring explosions. Some of them 
have even outshone their galaxies. 

Sudhakar Bhalerao 

Mr Hhalvrut) hven on actn'o amoteut 
astronomer of \a\ik, ten tnvr tu'o decades He i.s 
ammt/ those who reyularlft s<an the skies toi 
comets 
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D o you know why papayas are 
added to meat when it is being 
cooked? It is certainly not to 
give flavour to meat. The en¬ 
zyme, ‘Papain’ present in-papaya has 
the property of tenderising meat and 
helps in its faster cooking. One may 
wonder what are these wonderful 
' ll^nts (enzymes) that are responsible 
I for efficiently conducting coAiplicated 
' reactions under mild conditions of 
temperature and pressure. These are 
marvellous biological catalysts that 
sustain life on the Earth. They are 
responsible for controlling every che¬ 
mical reaction that occurs within a 
living cell. 

From antiquity, mankind has ex¬ 
ploited the catalytic process of enzymes 


for different purposes. Way back in 
7000 BC, Sumerians used yeast to 
convert sugar to alcohol and Egyptians 
used yeast to leaven bread. Ancient 
civilisation also made use of lactic acid 
bacteria for milk preservation. It was 
only in the beginning of this century 
that enzymes were shown to be respon¬ 
sible for all fermentation processes. 
Primitive man also recognised the 
effect of utilising plant and animal 
materials for food processing. First 
application of an ektracellular enzyme 
probably occurred accidentally when 
milk was carried in bags made from 
goat stomach resulting in tastier solid 
food which we now call as cheese. It is 
known that cheese formation occurs 
due to renin, an enzyme present in the 


S. F. D'Souai 
G. B. Nadkarni 

stomach lining. Also, animal faecal 
matter when applied to the flesh side of 
hide resulted in softening of leather 
(SCIENCE TODAY, February 1984). 
Hundreds of years passed b^ore the 
active ingredients in excreta were identi¬ 
fied as proteases (enzymes that break 
proteins) thus making it possible to 
substitute pancreatic or mold enzymes 
for bating of hides. 

From these early beginnings in fer¬ 
mentation, cheese-making and curing 
of leather, enzyme application has 
spread to textile and paper industries, 
nutrition, foods, pharmaceuticals and 
medicine. Even though several 
thousands of different enzymes are, 
produced by animals, plants and micror 
organisms, only a small percentage 


» 


IFE depends on a complex network 
of chemical reactions that are taking 
place in a living system. Special chemic¬ 
als called enzymes are responsible lor 
these reactions. They are the catalysts of 
life and are found m every living cell, 
breaking big molecules into smaller ones. 
Enzymes are pro tern moltcules made 
up of chains of ammo acids. They are very 
specific in their fimction. This means that 
a particular enzyme can control reactions 
involving only one particular kmd of 
substance or group of closely related 
substances The substance on which the 
enzyme acts is called its substrate. 

The shape ot an enzyme plays an 
important role m the .specificity of an 
enzyme. Each enzyme has a three-dimen¬ 
sional shape having an area on its surface 


which takes part in the chemical reac¬ 
tion. This IS the active site of an enzyme. 
The substrate also has similar shaped 
molecules that fit exactly into the active 
site. The substrate molecule fit into the 
enzyme molecules rallwr like a lock and 
key. No oUkk key would fit that lock. 
When the enzyme and substrate are 
matched up, the chemical reaction pro¬ 
ceeds to give rise to products and the 
enzyme is released. Many such reactions 
can occur within a minute's time. 

In addition to a substrate many en¬ 
zymes require other smaU molecular 
weight chemical compounds called coen¬ 
zymes tor their activity, A coenzyme may 
be an organic molecule, often a vitamin 
ikrivative, ot a metal urn. It mostly 
participates directly m the catalytic reac 


tkn. The same coenzyme may be associ¬ 
ated with many eraymes which catalyse 
different reactions. Many vitamins that 
we take in our*diet,m fact, serve as 
important coenzymes in a living cell, 
Coenzymes,like enzymes,are continuous¬ 
ly being regenerated in the cells. 

Some chemicals are capable of stop¬ 
ping an enzyme working for a short time, 
some by getting m the way between 
enzyme and substrate molecules This is 
rather likejapimlng the lock by inserting 
a wrong key Into position. The right key 
can make the lock work only if the wrong 
key is taken away. These substances are 
known as inhibitors which are of great 
importance in the field of medicine. 

S.F.D. 

G.B.N. 
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Immobilised enzyme technique results in pure products 
with considerable cost savings 


of enzymes has until recently been 
exploited and harnessed for commer¬ 
cial or industrial purposes. Unlike the 
conventional chemical catalysts that 
are used in industries, enzymes can 
operate with a high degree of efficiency 
and specificity under extremely mild 
conditions of pH (acidity), temperature 
and pressure thus oMating severe 
processing conditions and saving ener¬ 
gy. However, until recently, industrial 
use of enzymes has been limited due to 
the high cost in obtaining them and 
their utreme instability on storage. 
Also, most commercial enzymes, being 
soluble are difficult to recover from the 
reactor effluents at the end of the 
catalytic process. This restricts the use 
of soluble enzymes to essentially batch- 
operations followed by disposal of these 
expensive enzyme - containing solu¬ 
tions. The feasibility and utility of 
enzymes could be greatly improved, if 
methods were developed for their easy 
recovery.'reuse and improvement in 
their stability. 

A possible approach to this problem 
is to attach enzymes onto a solid 
support material. Such an attachment 
immobilises or restricts the free move¬ 
ments of the enzyme molecules and 
renders them insoluble in aqueous 
media. An obvious advantage of the 
immobilised enzyme derivative is the 
ease with which it can be separated 
from reaction mixture, either by decan¬ 
tation or filtration. Thus, the catalyst 
can be u:>ed time and again resulting in 
considerable cost savings. Besides this, 
immobilised enzymes increase the pur¬ 
ity of products. Over the past few 
years, research has advanced to the 
point where the technological potential 
of such immobilised enzymes is begin¬ 
ning to be realised. Currently, a new 
area of specialisation—enzyme en¬ 
gineering—has emerged,which deals 
with the study of production, isolation, 
purification, immobilisation and use of 
enzymes on the process scale in effi¬ 
cient reactor systems. 

The first recorded use of an immobil¬ 
ised enzyme was by a Koman soldier 
who used a twig taken from a fig tree to 
stir and eventually curdle milk. It was 


not until 1951 that research in the field 
of immunology signalled the advent of 
covalently bound proteins. Since then a 
number of newer methods have been 
developed for immobilisation of en¬ 
zymes. 

Immobilisation techniques 

For the expression of activity by the 
immobilised enzyme it is necessary to 
retain the structural integrity of the 
enzyme without altering the amino 
acid residues at the site of catalysis, 
(see box on page 57). Five principle 
methods used for immobilising en¬ 
zymes include adsorption, entrapment, 
encapsulation, covalent bonding and 
cross-linking (see Fig. on page60). A 
combination of two or more of these 
methods may also be employed. No 
single immobilising system can he 
applicable to all enzymes in view of 
differences in the enzyme’s composi¬ 
tion, and overall charge distribution. 
The substrate characteristics may also 
influence the choice of the immobilis¬ 
ing system. 

Adsorption involves adhesion of a 
thin layer of enzyme molecules to solid 
supports. The solid support is provided 
by ion-exchangers like charcoal, silica- 
gel, glass beads, plastic-like resins etc. 
These are capable of exchanging ions 
bound to their surface for ions dis¬ 


persed in the solution. The enzyme 
ions are taken up by the resin in place 
of its own ions, thereby forming a tight 
bond. Practically, the method is very 
simple. It consists of the enzyme solu¬ 
tion being added to the solid support 
and stirred for a few minutes. The 
enzyme is adsorbed onto the support 
However, substrates of higher ionic 
strength can easily desorb the enzyme. 

Entrapment of enzymes offers the 
advantage of relatively mild reaction 
conditions without significant altera¬ 
tion in the protein. It is carried out 
using polymeric gels. The procedure 
involves the addition of enzyme to a 
solution of small molecular weight 
substances (monomers). By altering 
the temperature or by addition of 
gel - inducing chemicals, the monom¬ 
ers link to form polymers resulting in 
gel. The enzyme gets trapped in the 
gel-matrU. The pore size of the gel- 
matrix is controlled so that it is large 
enough for the small molecular weight 
substrate to freely diffu.se in but not 
large enough for the trapped enzyme to 
diffuse out. 

Encapsulation is another method of 
immobilising enzymes. The enzymes in 
this method are enveloped in micro- 
capsules and in varied forms of mem¬ 
branes like nylon or collodion. These 


I/m o/ /oifliablf/Md en^mes for treatment of tnduatrtal waetea. The fermentor la the 
eoatre le eonaeeted to a set of control hutrumeats and coupled to a process computer 
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membranes are permeable to only low 
molecular weight chemicals and not to 
the enzymes and the macromolecules. 

The choice of a matrix for binding 
enzymes depends on the nature of 
physicochemical properties of the en¬ 
zyme and in its ultimate application. 

' Immobilisation of an enzyme can 
%lso be achieved by covalent bonding to 
it carrier through functional groups on 
the enzyme protein not essential for 
catalytic function. The covalent bond¬ 
ing of an enzyme is accomplished by a 
reaction with amino (N-) and carboxy 
(C-) terminal amino acids as well as 
reactive groups in the enzyme mole¬ 
cule like amino (-NH 2 ) group of lysine, 
carboxyl (-COOH) group of glutamic or 
aspartic acid, hydroxyphenyl groups of 
tyrosine, sulphydryl group of cysteine 
and hydroxyl group of serine. The 
attachment cannot be reversed easily 
by pH and ionic strength. However, it 
may alter the chemistry and reactivity 
of enzymes. In the extreme 
cases, the active site may be blocked 
through the chemical reaction involved 
in the attachment, thus rendering the 
enzyme inactive. But, various methods 
are available to protect the active site 
during attachment reactions. 

Another method of immobilisation is 
to cross-link enzymes using bifunc¬ 
tional reagents. In this method, the 
enzyme molecule is made to aggregate. 
These aggregates grow in size, become 
insoluble in water and fall out of the 
aqueous solution.* Cross-linking by it¬ 
self may find little practical applicatioq 
because of the drawbacks encountered 
such as high concentration of enzyme 
required and formation of fine insolu¬ 
ble precipitates. However, a combina¬ 
tion of adsorption followed by cross- 
linking may be more useful in immobi¬ 
lising enzymes. 

Immobilisation of whole cells of mic¬ 
ro-organisms is a better alternative 
to immobilisation of purified enzymes. 
This could obviate the necessity for 
extracting enzymes thus avoiding their 
inactivation during tedious and expen- 
I'sive enzyme>purification procedures. 
Also, enzymes are normally more 
stable when they are present in their 
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natural state inside the cell than when 
they are isolated and purified. This may 
however, pose some limitations. Whole 
cells are impermeable to a number of 
substrates and products because of the 
diffusional barrier of the cell mem¬ 
brane. In such cases, cellular permea¬ 
bility needs to be enhanced by treat¬ 
ment with organic solvents like toluene 
or chloroform prior to their immobil¬ 
isation. Unlike immobilised pure en¬ 
zymes, immobilised whole cells will 
have a number of other undesirable 
enzymes which may lead to unwanted 
side reactions of both substrates and 
products thus decreasing the efficien¬ 
cy. Microbial cells, hence, need to be 
manipulated to reduce such enzymes 
that catalyse side reactions and induce 
high levels of the required enzyme 
prior to their immobilisation. 

A large number of biochemical 
transformation may require immobil¬ 
isation of nut only a single enzyme 
system that catalyses one reaction, but 
also multienzyme systems that can 
carry out a complicated sequence of 
reactions. Thus, .starch can be attached 
to glucose by the use of a single 
enzyme like glucoamylase. However, 
further conversion of glucose to alco¬ 
hol requires many enzymes. Such mul¬ 
ti-enzyme complexes can be tailor- 
made by binding different enzymes 
simultaneously on the same support.' 
Alternatively, immobilisation of whole 


cells or cellular organelles permits 
immobilisation of multistep and co¬ 
operative enzyme systems. Therefore, 
immobilised yeast cells would have all 
the enzymes necessary for the conver¬ 
sion of glucose to alcohol. 

Industrial applications 

The greatest immediate potential of 
matrix-supported (immobilised) en¬ 
zymes or whole cells lies in the food 
industry, pharmaceutical industry and 
in the waste treatment. One of the first 
processes scaled up to an industrial 
level was immobilised penicillin acylase 
for the production of semi-synthetic 
penicillins. More than 50 per cent of 
the 6-amino penicillanic acid is cur¬ 
rently produced enzymatically using 
the immobilised system. In the USA, 
about 1,300 tons ol immobilised glu¬ 
cose isomerase is u.sed annually for 
production of about 3.000,000 tons of 
high fructo.sc syrup. .A number of 
immobilised enzymes -and microbial 
cells arc employed in the preparation of 
L-malic acid, l.-aspartic acid, urocanic 
acid and resolution of DL-amino acids 
in Japan. 

Hydrolysis of the residual proteins in 
beer (chill proofing of beer), which 
othcrw ise precipitate and give a 
cloudy appearance on storage, can be 
carried out by immobilised proteases. 
The immobilised enzyme process pre¬ 
vents the contamination of the final 
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Biological catalysts are now being exploited in an 
economically attractive fashion 


product. Simiiariy, pectina.se has found 
use in the clarification of fruit juices. 
Residual glucose in several food pro¬ 
ducts can be removed by bound glucose 
oxidase to eliminate unwanted colour¬ 
ing reaction and taste alterations. Glu¬ 
cose oxidase can also be used to pro¬ 
duce gluc'inic acid which has many 
applications in food, pharmaceutical 
and detergent industries. The modifica¬ 
tion of steroids by immobilised multi- 
enzyme sy.stem and whole cells is also 
being extensively investigated specially 
in the .synthesis of cortisol and predni¬ 
solone. Lactose — hydrolysed milk 
obtained using immobilised lactase 
ss’ouid help a large number of people 
who cannot digest milk because of the 
deficiency of this enzyme in the intes¬ 
tine. Also, lactose-hydrolysed milk has 
found number of applications in dairy 
industry specially in the preparation of 
soft ice-creams. In the waste treat¬ 
ment, immobilised miciobial cells can 
be used in the denitrification of water. 
Immobilised amylase is made use of,in 
the treatment of waste waters from 


paper manufacturing units that con¬ 
tain colloidal starch and in the removal 
of phenols by phenol oxidase. 

AnabiUcal applications 

The immobilised enzyme technology 
has given rise to innovation in new 
analytical techniques, especially in the 
field of electrochemical sensors (ion 
selective electrodes) and highly auto¬ 
mated enzymatic methods of analysis. 
Urea is detected by an ammonium ion 
(Nli 4 ) electrode coated with urease. 
Similarly, glucose oxidase immobilised 
on oxygen electrode is used in direct 
and quick determination of glucose in 
blood and other fluids. A large number 
of such systems are available for the 
determination of cholesterol, amino 
acids, ethanol, asparagine, cyanide, 
methanol, etc. 

A new cl-nss of enzyme sensors called 
enzyme thermistors or thermal en¬ 
zyme probes have recently been de¬ 
veloped. It ha.s become possible to 
measure heat associated with the reac¬ 
tion of an immobilised enzyme by 


using thermistor. Automated ana¬ 
lytical systems called “Enzymax” have 
been developed by coupling enzymes to 
the inside of the sample transfer tubes 
for continuous monitoring of pro¬ 
ducts. Determination of pollutants or 
other toxic compounds using immobil¬ 
ised enzymes has also been'possible. 
Thus, immobilised cholinesterase hal 
found use in the detection of enzyme 
inhibitors from both air and water. 
Metal ions can also be detected using 
immobilised enzymes. A new technique 
called the volatile enzyme product 
method (VEP) based on mass spec¬ 
trometry and immobilised enzymes,has 
been developed for estimating any 
biochemical material involved in the 
enzyme catalysed reaction having a 
volatile product or substrate. 

Medical applications 
Many diseases, particularly inborn 
errors of metabolism are as a result of 
deficiency of certain enzymes. Direct 
administration of enzymes may lead to 
immunological reactions like hypersen- 


Diffennt techniques of immobilising enzymes 
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bitivity. rejection, rapid removal and 
inactivation by the antibodies which 
are formed against these enzymes. 
However, the drawbacks can be easily 
overcome using immobilised enzymes. 
The feasible way to immobilise en¬ 
zymes fur clinical therapy would be to 
entrap enzymes In a microcapsule of 
blood cells or liposomes or to the 
inner surface-polymeric tubes like 
nylon. In cases where encapsulated 
enzymes come in contact with blood,it 
may be desirable to complex 
them with heparin to prevent coagula¬ 
tion without the need of systematic 
heparinisation. It has also been possi¬ 
ble to immobilise heparinase (enzyme) 
on Sephadex heads. In cases where a 
patient is kept on a heart-lung 
machine, heparin is added to prevent 
clotting. However, heparin remains in 
i blood even after it is returned to the 
body. Due to the anti-clotting prop¬ 
erties of heparin, internal bleeding 
occurs. In firder io prevent this, immo- 
hili.sed heparina.se can be used to re¬ 
move excess of heparin in blood. 

To carry out therapeutic action, 
enzymes need to be located speciHcally 
in certain tissues, organs or even in 
.selected intracellular sites. Such 
targeting could he achieved by using 
artificial cells. By either varying the 
surface characteristics or by co¬ 
entrapment of some magnetic mate- 
f rial. It could be possible for enzymes to 
be taken up by specific cells. If the 
substrate to be acted upon is in the 
blood, the immobilised enzyme can be 
more conveniently used in an extra¬ 
corporeal system (see Fig.). Since 
the immobilised enzyme does not enter 
the body, it has become an obvious 
candidate for early applications in pa¬ 
tients. 

Based on these techniques, studies are 
being carried out to see the feasibility 
of replacing hereditary enzymes. Aspar- 
ginase has been found to 
be useful in the treatment of certain 
types of cancers. L-asparagine whicn is 
essential for the growth of tumour cells 
I but not for the normal celisjs broken 
' down by thi.s .system. The use of an 
extracorporeal shunt sy.stem as well as 



ExtneorpomI shunt system 

subcutaneous implantation with im¬ 
mobilised L-asparaginase has proved to 
be more efficient than the direct admi¬ 
nistration of the enzyme. The immobil¬ 
ised enzymes could also be used for the 
construction of artificial kidneys, pan¬ 
creas, liver detoxifiers and biochemical 
fuel cells as a power source for cardiac 
pacemakers. For artificial kidney, mic¬ 
rocapsules containing urease are pack¬ 
ed in a column and connected to the 
patient's blood stream. Ammonia pro¬ 
duced by the action of urease can be 
removed by charcoal or ion-exchange 
resins, also encapsulated and packed in 
the column. Such a device is expected 
to modify bulky and costly dialysers 
currently in use. 

There are interesting possibilities 
within the field of immobilised bioca¬ 


talysts which will need concerted inter¬ 
disciplinary exercises involving chem¬ 
ists. biochemists, microbiologists, 
medical scientists, chemical engineers, 
and industrial processors to achieve the 
final goal. With the advent of other 
biotechnological di.sciplines like gene¬ 
tic engineering and tissue culture, it is 
sure that in the near future many 
existing enzyme applications will he 
replaced by immobilised sy.stems and 
many new sytems will become com¬ 
mercially feasible. □ 

Or O’Souza t\ a btothemist m tfw iiiochemistrif 
and FfHui tet hnoloqg Owisinn, RAHC, Bomhtiu. 
wtih spenal interest m immobilised enzitmes. 

Or Madkami heads the tiuKhemistm and Food 
Technologu Owtsum, Hhabha Atomic Researih 
Centre iOARCt, Bombai/, and has carried out 
research in Enzymoloqit for oi'er 25 gears. 
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DEBATE 








SCIENCE CITY-to be 
or not to be? 


The proposed Science City, continues to draw scientists into a heated 
itiscussion. Surprisingly, however, neither the promoters of the proposed 
Science City nor the Government, has in any way responded; not even to make 
available details of the aims, objectives or plans of this venture. In response to 
Prof. Udgaonkar's viewpoints and our editorial calling for a debate (SCIENCE 
TODAY. March I9S4. pages 9 and 16), quite a few of our readers have expressed 
their views. This response has been encouraging, though one would have 
expected it to he more enthusiastic. The silence, particularly of our senior 
scientists, policy makers and the scientists’ association is inexplicable and 
disturtiing. It is possible that everyone is waiting for specific details and 
perhaps even these will not be forthcoming unless and until a strong public 
Opinion is generated. Here we are publishing a few letters and will continue 
with the debate in the ensuing issues. 


T he Science City that the Govern¬ 
ment of India proposes to set up at a 
cost of Rs.l25 crores to attract Indian 
scientists working abroad, calls for 
careful planning and debate. The de¬ 
bate need not be acrimonious or pola¬ 
rise Indian scientists into camps of 
‘those for’ and ‘those against'. The idea 
in itself is a laudable one and the 
motivations, from wherever they come, 
must also be in the best interests of 
promotion of science and technology in 
India. Yet the debate that the Editor of 
Science Today is seeking to launch, 
must take place. I am not sure if a 
'public debate’ will be of any help. But 
the views of more and more committed 
scientists, of the standing of Prof. 
Udgaonkar must be sought. The coun¬ 
sel of Indian scientists working in India 
should not go unheeded. 

‘Science culture', ‘scientific temper’ 
and ‘science-mindedness’ are fashion¬ 
able words today. So, statements on 
India, Indian scientists and our scien¬ 
tific culture, such as those by Or. A. N. 
Mdiviya in Nature, can at best be 
viewed fur what they are: ponderous 
statement.s. They fall in line with the 
series of articles Mr. Khushwant Singh, 
then the Editor of The Illustrated 
Weekly of India had publi.shed in his 
magazine I le had queried ‘Arc we the 
laziest people'’’ ‘Are we the most 
jealous?' and .so on ad nauseam. Nirad 
Chaudhari had called India a thousand 
names she did not de.serve. V. S. 
Naipaul did his vehement hit. The 
worst was a senes of articles that 
appeared in the West German maga¬ 
zine Der Spiegel India The title 


devastatingiy called India, ‘the sick 
giant of Asia’ (der kranke RieseAsiens). 
What these writers did and continue to 
do unto the culture and civilisation of 
India is now being done by some Indian 
scientists settled in India and abroad 
unto Indian science. This is scientific 
masochism. 

I had somewhat strayed. I had myself 
stayed long enough ‘abroad’ to .see that 
there is only a difference in degree and 
not in kind between the Indian scien¬ 
tist (that grumbles over India in India) 
and the one who does it from abroad. 
Inasmuch people like Or. A. N. Malviya 
are not ‘typical’. Therefore, the debate 
is also not expected to ensue between 
Indian scientists abroad and Indian 
scientists in India. 

Prof. Udgaonkar has put his finger 
on the precise point that needs to be 
debated: will Indian scientists working 
in India have the same privileges as are 
sought to be given, under the Science 
City scheme, to Indian scientists work¬ 
ing abroad? If the answer is no and the 
latter are given preferential treat¬ 
ment. then the Government of India 
will be unwillingly creating two classes 
of scienti.sts. That would be the ‘most 
unkinde.st cut of all'. 

On the other hand may be the 
Government of India might create only 
two ‘categories' of scientists and not 
two ‘classes'. For class will be inherent. 
Science City or no .Science City. Homi 
Bhabha's ringing words about the ‘test 
of an outstanding scientist', which 
Prof. Udgaonkar had reproduced, say it 
all. The City may be in the Nilgiris or in 
the plains. But the scientists working 



there can ri.se only as far as it is in them 
to rise. Commitment to the cause of 
science in India and personal and 
intense involvement alone can produce 
results in the Indian environment. A 
salubrious locale, well-equipped labor¬ 
atories, and munificent funding by a 
Government alone cannot produce 
good science nor technology. 

What we could do though is to create 
more centres of excellence in science; 
recognise excellence which, after all. 
must reside in the individual scientist, 
be he in India or abroad, and support 
his science. This latter asnect, which is 
being recognised by the Department of 
Science and Technology of the Govern¬ 
ment of India, is the very basis of the 
spectacular progress which German 
science made through the establish¬ 
ment of the Max-Planck Society (ini¬ 
tially Kaiser Wilhelm Gesellschaft). The 
central philosophy of the Society was to 
identify individual scientists of prom¬ 
ise—unmistakable promise—and sup¬ 
port them. Fortunately excellence, in 
science as in any other avocation, 
stands out. 

My own stand in the matter of the 
planned ‘Science City’ or Technology 
City’ would be: (1) ’The details have to 
be spelt out clearly before plunging 
headlong. (2) ’There is need for debate, 
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mformed debate and this debate must 
take into consideration the views of 
Indian scientists. (3) If any one knew 
how to make the mare of Indian 
science go, then it must perforce be the 
leaders of Indian science working it out 
in the Indian context. Those of them 
who were seminal in creating the 
^atmosphere' for scientific work in In¬ 
dia must be a party to this expensive 
and well intended move. (4) Just as 
Caesar’s wife must be beyond suspi¬ 
cion. an undertaking so lofty in con- 
*t;eption and so noble in intention must 
be able to stand public scrutinity. (5) 
Any 'Science City’ put together in haste 
can only be a township housing scien¬ 
tists who will relate to one another only 
in their alienness and little else. 

Bhabha was apparently fond of a line 
from a verse by a Latin American ooet: 
‘Traveller, there are no paths. Paths are 
made by walking'. In wanting to lay the 
paths, the Government of India, in its 
anxiety to excel, must not create an 
asphalt jungle where no intellectual/ 
scientific blade of grass can grow. 


N. K. Chandrashekanin 


i 


i/. Chandrashekaran heads the Unit of Neuro- 
^hlogy dc Mechanisms of Behaviour, at the 
Madurai KamarnI University, Madurai. 


S INCE 1947, the Central Government 
has invested a considerable 
amount of money in setting up a chain 
of National Laboratories, Regional Re¬ 
search l,aboratories and IITs. And, we 
have not yet been able to contribute 
sufficiently to the development of in¬ 
digenous technologies and industries 
so far. 

The very proposal of the new Scien¬ 
ce/Technology City also emphasises the 
same point. If we wanted to utilise the 
services and experience of the highly 
qualified and trained Indian scientists 
abroad, there were alternative ways of 
doing so. A large number of such 
persons with appropriate knowledge 
and experience could have been 
selected through the various Indian 
enih.issies and placed within the ex¬ 
isting set-up to develop new units 
based on their experience and, at the 
same time, appropriate for the develop¬ 
ment of new high technology indus¬ 
tries within the country. Even now, 
there is enough opportunity to plan 
and work in this direction by introduc¬ 
ing a more flexible system (allowing 
them more freedom for realisation of 
their concepts) in order to enable them 
to settle down happily. 

Finally, regarding capable man¬ 
power, the late Dr. Homi Bhabha, in 

tit*, ny-ira 


his presidential address to the then 
National Institute of Sciences of India 
(now insa) in 1963, pointed out the 
depleting effect of the National Labor¬ 
atories on our universities in his re¬ 
marks: “... It was then assumed, naive¬ 
ly, the posts in the chart could be filled 
by advertisement, forgetting that work¬ 
ers of appropriate and high level either 
do not exist in India, or can only be 
obtained at the sacrifice of some other 
institution, which thus becomes weak¬ 
er for it. Our universities weak as they 
always were, have been further 
weatened in this manner”. 

So, instead of proliferating new 
laboratories/institutions should we not 
strengthen our existing National 
Laboratories, IITs and the universities 
by piacing the same foreign trained 
people in different sectors? In addition, 
we should try to effect better co¬ 
ordination between the industries on 
the one hand, * and the above- 
mentioned laboratories/institutions on 

the other. e w /> c 

S. K. Cuha 

Prof. Cuha b Manager, Photometry, Peko Ebetro- 
ntes i Ekctrkab Ltd, Phitthnt Mdte, Calcutta. 

1 entirely agree with the viewpoint 
expressed by Prof. Udgaonkar in your 
March 1984 issue. The concept of a 
‘Science City’ to be manned by expatri¬ 
ate scientists is short-sighted and 
counterproductive in the long run. It is 
an affront to our scientists. 

There are two factors which promote 
such ideas: a mixed attitude of 'servil¬ 
ity' and ‘glamour about anything west¬ 
ern', and selfish motives on the part of 
expatriate scientists and their prom¬ 
oters here. The concept of a Science 
City very much against our desire for 
self-reliance and a blow to our national 
pride. Not only does it demoralise the 
scientists who are working here, but 
also there is every likelihood of third 
rate migrants flooding the Science City 
and wasting our resources. There is a 
remote possibility of some of these 
acting as spies also! Our scientists and 
their organisations should protest 

K. R. IW 

Dr, Prasad works at Ttrupati, Andhra Pradesh. 
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Nan^an Dharap 


*it’$ SO excitingf" he whined. 

**Wen, you have the whole of tomorrow to 
eivoy It,*' she said firmly and marched out 
of the room, clicking off the light as she 
passed the doorway. 

For a moment Vuay felt angry, but his 
eyes, heavy with sleep, were already 
closing... 

And in his dreams they were all there! 

t upermim and Luke Skywalker, Flash Gor- 
Dn and'Magnus Robot fighter... Heroes 
indeed! With glorious abandon they gal¬ 
loped across star-spangled galaxies, 
swooped through the air, drove like the very 
devil... these men with iron fists and nerves 
of steel... such indeed is the stuff of 
dreams... 

Mother had reason to worry about Vijay 
who was barely thirteen and in the 
ninth standard. But lately he seemed to 
have turned into a prodigious bibliophiie. 
Not that he neglected his studies or games; 
but he read in all his spare moments. He was 
a sensitive dreamy child, ready to embark 
upon a vivid trip into the world of fantasy at 
the slightest encouragement.... describing 
with relish the heroic feats and dastardly 
villainies of his dream-figures. Vijay’s fanci¬ 
ful yarns worried his mother. Words! 
Words! she thought; does he know the 
meaning of even one! But Father, professor 
of sociology m the small town college, 
seemed quite unperturbed. Boys will be 
boys, he said. 

But she forgot these thoughts when she 
watched Vijay playing for hours on blazing 
Sunday afternoon.s or sitting with his ears 
glued to the radio listening to the cricket 
commentary... Maybe his father is right 
after all! She ielt her son would soon 
outgrow these boyish fantasies... 

By the time the school show got over by 
eight o'clock, it had become quite dark. The 
streets were deserted. Vijay left his friends* 
at the bus-stop and started for home. Now 
that Mother was not with him, he could 
take his favourite short-cut. Near the third 
lamppost after the’stop, a side fence had 
come down; Vijay jumped across thi thorny 
hedge, climbed over a couple of stone stiles 
and struck across an empty plot. 

The plot had always been vacant as far 
back as Vijay could remember. The colony 
had conveniently turned it into a strolling- 
green for the grown-ups and a play-ground 
for the kids; on summer evening, the place 
was a veritable mela; but this winter night, 
. the dark grounds were deserted, bungalows 
I huddled round the grassy oval bathed in 
starlight, the buildings seemed remote and 










withdrawn but for their windows, taint, 
frosted squares of light. 

Vijay glanced up. The moonless night sky 
was blazoned with stars which glittered and 
twinkled like diamond dust across the 
velvety black. For a moment he even forgot 
the cold, so glorious was the sight. He 
remembered something about Jupiter and 
Mars... one a faint yellow and the other an 
angry red... Vijay didn't know their posi¬ 
tions, or even whether they would be up 
there at all; but he kept on looking up. all 
the same. 

And suddenly he saw the two points of 
light. One yellow, the other red; both 
twinkling and moving. For a moment, he 
was confu.sed. Stars should be colourless 
and planets shouldn't twinkle... and neither 
of them should move thus... because these 
two points of lights were moving, faster and 
ever faster, approaching, swooping down 
towards him.. 

Only then did he become aware of the 
sound. It was as if .someone had turned the 
radio full volume. All the instiumenLs in 
the world seemed to have joined in... the 
wailing strings, the sighing flutes, the beats 
of the bass drum... For a moment he 
remembered an English movie he had seen 
with his father.... but no! This was no 
discordant caruphony,.. this .sound, which 
filled the dark winter night, and wrenched 
at his very soul, was the sweetest thing he 
had ever heard... 

Then he fotgot the sound. The twinkling 
lights were very nearly upon him; and he 
saw they were no ordinary lights: it was 
more of a glow; an aura with softer colours 
showing now and then.... Tlie lights came 
on, without a sound, without a whisper and 
settled down, as radiant and iridescent as a 
soap-bubble... 

Vqay's heart was hammering with excite¬ 
ment... five paces from him was a strange, 
glittering object from the heavens. It looked 


like a plastic cage, but he could not be sure. 
He had to shield his eyes against the 
coruscating emerald greens, golden yel¬ 
lows, pure reds, sunset oranges, and deep 
violets 

The sound died away; the night became 
still; but for a curiou.s moment Vijay felt the 
sound within his body; all atoms vibrating 
and straining to a curious rhythm... 

Vijay was in a quandary; he didn't know 
whether to stand or run. Then he just stood 
where he was. 

VIJAY' 

He started at the sudden call. He swung 
around to look for the caller.... He was 
alone; he and this strange machine from 
the stars* 

VIJAY' 

The call was repeated; though the syll¬ 
ables were clear, yet there was something 
idcking. It was like the compul.sive tick-tock 
ol a cinck. a whisper of the breeze... but ohl 
how clear! how crystal clear! 

Suddenly Vijay felt utterly lonely and 
lost. He became afraid. 

VIJAY' OONT IIF: AKKAII)' THERK'S nu reason to 
HE so SCARED* TAKJf A HOLD ON YOURSELF, VIJAY! 

The sounds rushed at him from all sides, 
from the stars, from the trees, even through 
the ground .. 

'"Who IS It! I don't .see anybody!" After a 
considerable lapse of time, Vijay found 
enough courage to whisper into the dark 
night. 

WE ^Ki: YOUR FRIENDS VIJAY' 

“Oh. but who are vou' Where are you 
.speaking Irum!" 

YES' YES' WE RE LUMINC. TO THAT' BUT WOULD 
YOU MAKE A FKO.MlSE NOT TO RE SCARED' 

Viiav .said nothing. He just stood and 
.stared. 

VIJAY. TELL I'S ONE THIN(.. DOES OUR VOICE 
scare YOl'> IHK TRUTH, VIJAY' 

And now that Vijay thought about it... 
No' He felt nc» fear at the voice, indeed it ftit 
like a deal, lollv friend . a real friend... no; 
he telt no feai in him 

“No, No' I won’t run away* Tell me!" 

V lAY W'E l OME THOM MARS' WE ARE MARTIANS! 

Marlian.s! Vijay ga.sped. But recently he 
had learnt that Mars was a lifeless planet... 
and if they were indeed Martian.s, why 
should they come to a small town like this? 
They could easily go to some big city like 
London, New York, Mo.si'ow or at least 
Bombay . No' No' .somebody was playing a 
joke on him . 

VUAY' THIS IS NO JOKF/ THIS IS THE AHSOIOJTE 
TRUTH' 

' Oh, but how can it be' Mars has no air, 
no water..." 
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DON'T WE LIVE THERE' 

’‘But how can you prove that you are 
from Mars?" 

OH' WL'RE UMNO ROl N|) IN CIRCLES. ISNT 11' 

“And why should y<iu come here? Sup¬ 
posing that you are from Mars, that is^" 

ONE THING AT A TI.ML. VIJAY' WE U SOON PROVE 
TO YOU THAT WE RE INDEED FROM MAKS* WOULD 
YOU LISTEN TO US 111.1 THEN' 

**But why did you come to me?" 

ITS A un COMPLICATED. VIJAV IF YOU HAVE 
J50ME PATIENCE YOLLL UNDERSTAND EVERY 
THING—SO LISTEN 10 US WE LIVE ON MARS IN 
PACT HAVE KEEN DOING SO FOR THE LAST MILLION 
YEARS OR SO WHATEVER YOUR BIHJRS MAY SAY' 
AND THIS MACHINE - WHAT DO YOU CALL YOUR 
MACHINES THAT GO TRAVELLING IN SPACE' 
"Spaceships." Vijay said promptly. 

AND A CLUMSY WORD. TOO* WE CALL OURS 
CHITAR -SO OUR CHITAH IIM> BEEN RETURNING 
PROM A DEEP SPACE VOYAGE WE HAD GONE FAR 
IN THE SPACE BEYOND OUR SOMR SYSTEM - AND 
WHILE WE WERE PASSING BY YOUR EARTH. WE 
HAD TROUBLE IN OUR MAIN ENGINES THE CHITAR 
LOST ALL VELOCITY AND STOOD STILL IN SPACE - 
WE CANNOT PROCEED UNLESS WE REPAIR HIE 
DAMAGE AND THAI S WHY WE ARE MERE 
Vijay heard this fantastic story in spell¬ 
bound silence. For the moment he believed 
all that was told to him. And he had the 
most curious feeling that a man/creature 
with a voice like that cannot lie. 

“Oh! But how can I help you? You should 
gone to teacher or better still, a College 
Professor ... is it not>" 

The voice sounded sad as it answered 
Vyay. indeed thus just what we tried 
FIRST., iin. bit somehow it wouldnt 
WORK- 

“But why** They shctuld know all about 
machines'" 

NOT THAT. VIJAY' THEY DON T HEIIKVE I S' 
"What do you niecin'’ Vij.iv was at a N»ss. 

VIJAY. NOW PAY CLOSE 'JTLNI K)N 'IO US HOW 
ARi: WE CON'VLRSING WITH Noi ^ V\L ARE No'l 
SPELLING our WORDS BY MOITM SM.IABLL BY 
SYLWBLI. as VOl. IXI WE ARE TALKING MINI I TO 
MIND - WE CREATE THE TMOtH.HTS IN VOUR 
BRAIN AND MIND DO YOU KNOW WHAT THIS IS' 
“No." Vijay sounded wistful 
WEIL IT DOLSN’T MAHER KEAIIY BUT DO 
YOU KNOW WHY W> C.\N TM K WITH YOU BFCAI’SI 
YOU BEIIEVK IN US' 

This was totally beyond Vijay In fact his 
first idea had been that .somebody was 
playing tricks on him. Believing and not 
believing he lelt that somehow he was 
missing the point 

VIJAV, WE CAN READ YOUR THOI 'Gl 11S NOW THIS 
IS A BIT DIFFlcriT, BM I'll A^E TRY TO UNDER 
STAND MAY BEYOl DoNI BELIEVE THAT WE HAVE 
REALLY COME FROM HARs BUT IN YOUR HKAR1 
OF HEARTS VOU BELIEVE THAT THERE IS LIFE ON 
MARS. D0N1 YOU. NOW' 

“Oh, yes' yes!" Vijav .said, remembering 
hia dreams. 

THAT’S n' IT IS ONLY THOSE WHO BELIEVE IN-LS 


WHO CAN COMMUNICATE WITH US THUS - AND 
YOU ARE ONE OF THEM. VIJAY* 

“But what do you want? What possible 
help can I give?" 

WE WANT CERTAIN THINC.S ~ WHERE CAN WE 
GET THEM.' THERE MUST BE SUCH PUCES WHERE 
YOU GET THINGS - 

This talk of “things" and "places'* was 
altogether too vague for Vijay; hut he 
thought over it for some time » places 
where you get things - of course! They 
were enquiring about .shops! 

“Oh, yes, we have such places' But they 


must have clo.sed down long ago - it is too 
late now..." 

THEN WE WONT GET ANY1IILNC. NOW' 

"No -you will have to wait. ." 

HOW. ' 

They must have u.sed a word lor "time". 
Vijay tlK^ught. *‘.A long time till the 
sun comes up - may he twelve hours 
This talk of time reminded Viiay how late 
the hour was. He was already late tie had to 
go. Mother and Father must already be sick 
with worry and anxiety Thev seemed to 
read his thought.s. 

VIJAV Will VOl C'Oll lino WHEN IIIEn, 
MKjPS OPEN' 

"But I haven't even seen you' How shall I 
know you''’ 

TItM S TRUE AND WK \RL \ Mil SIRVM.E 
L(X)KIM. 

.'MI ol a .sudden, a putiiie mse before 
Viiay's mmd s eye It \va'» .m .iiIls! s mugin 
aiv sketch ol Martians a nealure dhunt 
three teel high, with spindl.\ arms and legs, 
a face like a ripe pumpkin, two filament-like 
antennae .spmuling in ,»l.iie of the ears 
NO' NO* The voice came huriiedlv vvi: 
AREN r LIKE I HAT 

‘Then how an I to Kn»»w vnu'*' 

WELL 11 VN APPF^K IIKI \ HW I OR A S| HIR1 
WHILE AT LMSI -- IMI 'll. HV NAME 
"And wliat’s your name.''" 
gogham* came the vouc. \ndmy partners 

NAME LS GOGRAN* LS EVLRVIHING CLMR NOW' 
"And you will be here'** Promise?' 


VIJAY, WE NEVER BREAK UUK WORD 

“Then 1 shall be here in the morning.” 

YES - DONT FORGET. VIJAY... 

Before the words died out. the strange 
music started again. The shining machine 
shifted and raised itself off the ground. For 
a breathless second, it floated like an 
iridc.scent sphere of glass, and then it slowly 
rose; up and up; the lights merged into one 
another; fainter and fainter; and finally 
was merely one of the millions of celestiw 
lights. 


Something wrenched at hi.s vvr>' .soul; he 
felt a sob coming up, he blinked once and 
then rushed tiome through the suddenly 
empty cold deserted night 
Vijav was perfectiv right in assuming that 
Father and Mother v^Miuld be woiried When 
he reached home, mother was standing at 
(he gate, uneasily looking up and down the 
.street. She saw Vijay trorn a long v\’ay oft 
and came to meet him hurriedly 
“Vijay! Where have you been all this 
time'''" her face was «jlmost comic in its 
reliel AW were vj w^TiM-d 

For a moment Vijay didn t know wlial to 
.say. 

“Your father has twice been to your 
school, Vijay," she .said. "He found the boys 
gone and the .school locked. It is now half 
past ten' I am of a mind Hh* here tomes 
y»'Ui l.itlur'" 

Father tame up Hie street, turiou.slv 
pushing a bicycle. He saw Vijay, lieavcd a 
gieal sight of relief and carried the cycle 
inside Generally, he was never angry with 
Vijav. but tonight Viia.y was scared stiff. He 
came in the house, but didn't let go 
Mother's hand Father had seated hini.selt in 
a deep armchair and was wiping the pers 
piratiun oft his tace. Vijay .stood before him, 
hi.s head hung down. 

“Come on! Out with if!" Father wa.s 
restraining hirn.self with an obvious ellort. 
“W’herc have you been, Vijay?" 
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Vijay said nothing. 

"How many times have 1 told you to 
return home at the proper hour? Nights are 
dark, streets deserted, so many thugs and 
rogues are on the prowl ... haven't you 
sense enough to know that we might be 
worrying about you?” 

“Yes, Father,” Vuay mumbled. 

“Then tell me where you've been all this 

t nc!” 

Vijay's tongue stuck at the words. Sud- 
nly he knew that they would never believe 
him! 

“Come on! Out with it!" Father's voice 
was rising;^ 

Vijay stood silent, uneasy and miserable. 
“Vijay, for the last time, tell me the truth! 
If you've committed any mistake, confess 
It —but tell me the truth—otherwise...." 

“Oh Viiayl" Mother said, "Tell him! Don't 
be so adamant!” 

Vijay felt the futility of it all. Even if he 
told the truth they wouldn't believe a word 
of It: and it he kept silent...that won’t help 
matters either...And through no fault of 
his...his eyes began to smart, and a big, 
shining tear welled out of his eye. 

“Oh' This IS the limM!” Shouted father. “I 
haven’t even touched you yet... but 1 see 
that ril have to. shortly.” 

Choking and stumbling, Vijay blurted out 
everything. But to his own ears the story 
sounded contrived and impossible. But 
what could he do^ 

“Lights? Music’ Martians? Ha! Vijay! You 
think I'm a fool’ Tell me the truth....” 

Poor Viiay stated hack m hot-faced confu 
sion. 

The result was inevitable* five strokes on 
his palm No dinner. Vijay was locked up in 
his room. 

His hand hurt like the devil. But the 
humiliation was even mo*t painful. Sob¬ 
bing and snivelling, Vijay was tossing about 
on the bed when Mother tiptoed in. 

“Asleep, Vijdv’” She whuspered. Vijay was 
angn* with her; he didn't sav a word. 
Mother came in and .sat by him, gently 
sticking the boy’s hair and tearful face. 
“Vijay, heic's a glass of milk,” ,s*1e said 
Vijay had left hou.se at half past three for 
the school show. He was awfully hungry- 
...but he hid his head under his arm and 
said nothing. 

“Oh darling! Oh Vijay. you've had no¬ 
thing to eat since morning. Do take this 
milk, for my sake, baby...” 

Vijay clenched his mouth shut, but he 
, couldn’t keep the sob back. His mother kept 
on stroking his hair. 

“Oh, hush, honey! Don't cry so! Why 


didn't you tell your bther the truth, dear?” 

And what had he done, then? Sobs 
wracked his small body and tears came in 
floods. Mother silently picked him up and 
held him to her breast. When the fury of his 
emotions had subsided somewhat, she 
again held the glass of milk to him. He 
gulped It down and snuggled close to his 
mother. He never knew when he fell asleep 
and when mother left him. 

Vijay snapped out of his sleep with the 
first lilting strain of the strange music. The 
music! The dark room was throbbing with 
the bewitching strains. 

VIJAY' The call of Gogram! 

“Don't speak a word to me'” Vijay spat 
out in the darkness. 

OH VIJAY! Wt: KNOW WHAT HAS HAPPENED' AND 
BELIEVE ME. WE ARE VERY VERY SORRY FOR IT! 
BUT NOW YOU KNOW WHY WE COULDN'T GO TO 
ANYBODY ELSE BUT YOU! THIS IS THE PRICE OP 
DISBELIEF' 

In spite of his anger, he was already 
listening attentively. 

VUAY, WE CANT COMMUNICATE WITH ANYONE 
ELSE* WE KNOW THAT YOUVE SUFFERED A LOT 
TODAY ON OUR ACCOUNT BUT VIJAY, YOU HAVE TO 
BE FAITHFUL TO SOMETHING IN LIKE, ISNT IT' 
WHATEVER OTHERS MIGHT SAY OR DO' 

Vijay didn’t understand ail of it, but 
somehow, he felt that it was true and 
proper He kept on listening silently. 

so WILL YOU COME TOMORROW' WE NEED YOUR 
HELP' 

“And suppose 1 don't come?" he whis¬ 
pered in the dark room. 

WHY' WE LL HAVE TO SEARCH FOR SOMEBODY 
ELSEI 

“You won't be angry with me?" He said in 
sudden surprise. 

ANGRY’ WHAT S THAI (.OT TO DO WITII IT' IF \ OU 
DONT WISH- 

“Oh no! ril come! I’ll come!” Vijay almost 
shouted. 

THATS THE SPIRIT' AND REMEMBER THE 
NAMFr-COGRAM' 

The music dissolved in the darkness. 

And Vijay was fast and peacefully asleep. 

Sunday morning was cold but pleasant 
Vijay generally had the whole day to himself 
and started it by getting up late. Today he 
got up even later than usual because of hi.s 
disturbed night, in his half-wakeful state, 
something was tugging at his mind. Then 
suddenly he remembered everything... ev¬ 
erything... and he jumped out of bed. 

He had to meet Gogram at nine o'clock! 

But enthusiasm drained out of him even 
before he reached the door of his room. 
Nobody at home believes me, he thought. 
He went dragging his feet. He had eaten 


nothing the previous night and he was 
ravenously hungry. Mother knew it (as she 
knew ail things!) and without a word kept 
his breakfast beside his cup of cocoa, and 
until he had cleaned his plate, she didn't 
utter a single word. 

When Vijay flung a towel on his shoulder' 
and started for the bathroom humming a 
tune, she was pleasantly shocked! Usu^iy 
he had to be almost pushed in the bath¬ 
room. Today he was ready in ten minutes. 

“Mother, can 1 go out for a while?” he 
asked. 

“Vijay, 1 want to talk to you,” Mother 
said. 

Vijay knew what she wanted to talk about 
and he started to wriggle uneasily. 

"Vijay, what happened yesterday night?” 

“Oh, Mother, I swear by you that what 1 
told Father yesterday was the truth—every 
single word of it! Oh, I love you two so 
much^why should I lie to you, tell me!” 

She .stared into his wide innocent eyes kr 
a long time. She was visibly confused. 
Finally she sighed and said: 

“Oh, I don’t know. You've to convince 
your father, Vijay...” 

“Mother, can 1 go out? Please?” 

Vijay, lunch is at Twelve. Will you be back 
by then?" 

“Oh, yes. Mother. Promise! Can I?” 

“Oh, all right..." 

Vijay was out of the house in a flash. 
Mother could hear whoop fade away in the 
morning air. 

It was cold outside and Vijay missed his 
pullover; but the thought of the meeting 
with Gogram filled him with excitement, 
driving out all thoughts of cold and bodily 
discomfort 

Gogram' What a name! And they— 
whoever they might be—^had told him to 
remember the name—as if anybody'd forget 

It! 

Vijay crossed the road and entered the 
vacant plot. The mango and neems along 
the border were burnished with gold in the 
morning light. Gone was last night's desola¬ 
tion the ground was tull of children 
...playing, screaming throughly alive... 

Vijay stood on the edge for a moment, 
trying to reconstruct last night's dramatic 
events. Where was he when the glittering 
machine from the sky swept down on him? 
He couldn't be sure, but he felt he must 
have been somewhere near the central 
mount which was nothing but a gentle 
swell in the plot. At the moment this 
natural platform was empty, but obviously 
that was the place where to expect Gogram, 
if he ever came at all. 
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2 year Classroom and Course for HTJEE^S 

conwnencing Aujj^e|it/84 for Top Scorers in 10th Std« 
moving onto XI Std in the coming academic year 
-Registration on. Admission on production of marks. 



AH over the nation, there is a stir today among the bright ambitious 
with a natural flair for Maths & Science and a background of high 
achievement in School They are duly excited about the launching in 
Sept '84 of BRILLIANT’S 21 month ’Elite' Course for IIT-JEE '86 They 
know Brilliant’s’Elite' Course can mean for them the birth-chapter of a Ufa 
-long career in Modern Technology provided they put their heart and soul \ 
into the effort to qualify for their preferred choice of subjects through IITJE 

Brilliant’s teaching staff known for their fierce dedication to the task of 
helping along students to high distinction, are in a state of readiness for 
the launch of the ’Elite’ Course in Sept ’84 

Launching the ’Elite’ Course does not prove our lack of 
concern for the moderate achievers m School 

Our justification the only justification for the 'Elite' Course is that we 
aim at a higher concentration of Brilliant's students among the Top 
Hundred in IIT-JEE 

In fact we are dreaming of a clean sweep of all the Top Hundred in 
HT-JEE by Brilliant's bright boys A girls VUe have a name for this 
audacious dream of outs—Viz "Project 100" 

However, we are as firmly as ever rooted m the belief that the average 
and the below average also can be groomed to top-level distinction 
provided they cooperate 

For reasons of working convenience we have to class them apart and 
guide them separately So we continue to offer them our FOUNDATION 
COURSE while in the XI Standard and Advance Course while in the XII 
Standard towards IIT-JEE 

We are not yet in a position to organise an 'express' non-stop course 
for them from the XI Standard through XII Standard to IIT-JEE 

Needless to say our thrill and satisfaction if we succeed m taking them 
to the top will far exceed the satisfaction of helping the star scorers 
to top-level distinction through our 'Elite' Course 


B BRlUilAHT TUTORIALS 


12,IVIasilamani Mudali St,T.I\lagar, Madras-17, Ph: 442 099 

ENROLMENT NOW ON 


• Postal Course for DT-JEE ’83 (Advanced) efSQSI^’^ * FOUNDATION COURSE for students 
of X Std moving to XI Std coming Academic year towards IIT-JEE '86 e Postal Cours^Advanced) 
for MBBS Entrance Exams ’85 e Question Bank for MBBS Entrance Exams '85 e FOUNDATION 
COURSE for students of X Std moving to XI Std coming Academic year towards MBBS Entrance 
Exams '86 e CLASSROOM COURSE e 6 months Classroom Course commencmg 2nd July '84 
for IIT-JEE 85 e 4 montiis Classroom Course commencing Ist Sept 84' for IIT-JEE *96 
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He had hardly taken five steps when all of 
a sudden the sunlit morning was vibrating 
to the curiouS; unnamable tune. Vgay knew 
that this was no earthly music; but the 
sense of its swelling from the air was so 
strong that he turned around. When he 
looked at the mount again, he almost froze 
in his tracks. 

There was the figure of a tall man on the 
jmount. How and from where he could have 
TOme? Were his eyes deceiving him? Vijay 
stood and pondered; and ail the while the 
music (if music it was!) was gathering 
strength, surging through his mind and 
body. 

OH viMY! COME ON' came the familiar call. 

For the first time Vijay was afraid. He 
remembered Father's admonition about 
thugs and rougues. 

VIJAY' IT IS I' HAVEN'T I EXPLAINED EVERYTHING 
TO YOU YESTERDAY! OH, COME' 

There was such a rush of camaraderie, in 
the voice. Vijay mastered his feelings and 
manfully approached the solitary figure on 
the mount. The figure was tall, with a 
widebrimmed hat pulled well down and 
concealing the face. a.$carf swathed round 
the lower part of the face, a heavy overcoat 
with its collar turned up, the coat reaching 
well below the knees, and below that again, 
black trousers and shoes. His hands seemed 
to be thrust deep in the coat pockets. 

Vijay came near and stopped again. He 
was aware of the large, shining eyes, 
looking at him from the dark shadow of the 
hat. He stood there for a moment, but had 
to avert his eyes...all of a sudden he had felt 
a sort of queasiness deep down inside him. 

OH VIJAY' WHAT ARE YOU AFR/\ll) OP 

Without looking up at the strange eyes. 
Vijay reached the mount. 

VIJAY, YOU ARE .SCARED. ISN'T IT' 

Words were impossible; Vijay simply 
nodded his head. 

BUT WHY! DONT YOU BELIEVE ME? 

When pinned down like this, Vijay had to 
admit--at least to himself—yes, he believed 
him. Gogram was his friend. 

"How did you come so suddenly^ and why 
couldn’t I see you yesterday night?" Vijay 
stammered out. 

OH. THAT’S IT. IS if' VIJAY. CAN YOU HOLD IT FOR 
A MOMENT' I'LL TELL YOU EVERYTHINCV- BUT NOV\ 
WE VE VERY IMPOR PANT WORK BEFORE US-WE VE 
TO GO TO YOUR SHOPS-SHALL WE GO' 

"But what exactly do you want?" Vijay 
asked rather doubtfully. ‘Tf 1 know that, I’ll 
take you to the proper place straightaway." 

The man who called himself Gogram 
' took his hand from the pocket and held it 
before Vijay. Three cubes nestled on his 


ILLUSTRATIONS BY NANA SHIVALKAR 

palm. One was glass-like, colourless and 
transparant; the other was a shining while 
like nickel or chromium; and the third i 
dull yellow. They sparkled in the morning 
sun. 

TAKE THEM. VIJAY. KEEP THE.M WITH YOU WE D 
PREFER THIS GLASS LIKE MATERIAL FAILING 
THAT. THIS WHITE ONE AND IF THAT ALSO ISNT 
AVAILABLE WE LL SETTLE FOR THE THIRD 

Vijay took the three cubes. And Gogram 
put his hand in his pocket. A glove had 
covered it right upto the tips of the 
fingers... but Vijay felt that there was 
something strange about the hand. Some¬ 
thing unnatural. He couldn't figure it out 
the first time. The hand was just an 
ordinary hand, the palm also, the fingers.. 

There were no fingers! The glove had 
covered everything, but he had seen' The 
hand didn't end in five orJinar>’ digits... it 
ended into a broad stump., as if..as if... 

VIJAY' DIIJNT I TELL YOU YESTERDAY THAT 
U^RF DIFFERENT' U’Sr roKU-T IF FOR I HE 
PRESENT. WILL YOU' Cf)ME ON’ 

Somehow Vijay got his mind under 
control. 

'Gogram. suppose this thing is avail¬ 
able—how much of It do you want’ A 
pound? A kilo? A maund?" 

1 IX)N’T KNOW THESE WORDS—COME LET’S 
GO—LET S 1 INI) IT FIRST- THEN I'LL TELL YOL— 

Vijay put the cubes in his pocket and 
turned about, the main market of the town 
his destination. 

With long, smooth strides, tall Gogram 
easily kept pace. 

It was hdlf-past-eleven when they re¬ 
turned to the plain. Vijay's little legs were 
aching after the long and fruitless walk, 
fruitless, because Gogram's search had 
failed. Vijay had taken him to practically all 
the shops in the town—first the big ones on 
the mam streets and then the small, 


obscure shops tucked away in small lanes 
and alleys; so much trouble and no success! 

First Vijay had taken Gogram to the 
hardware market. But the moment he 
stopped in front of a shop, came Gogram’s 
voice; 

NO! VIJAY. WE WONT GET IT HERE! TRY THE 
NEXT- 

After this had happened half a dozen 
times, Vijay said with some surprise "But 
how can you tell without even going in?'* > 

Cogram's reply had a hint of suppressed 
laughter in it. 

VIJAY. I CARRY A MACHINE-A METER. THAT'S 
WHY 

Then Vijay had tried the electrical goods 
market When the first shop came, there 
was the hint of a hope for the first time in 
Gogram's voice. 

VIJAY! LETS GO IN HERE' THIS SEEMS MOR^« 
LIKE IT 

Without a thought Vijay stepped in. 
Behind the counter, a middle-aged man was 
busy with a machine. He left his work and • 
approached them and addressed himself to 
Gogram. 

"Yes? What is it?" he asked. Gogram said 
nothing and the salesman repeated his 
question, a bit more loudly, this time. 

VIJAY. ASK HIM THIS QUESTION ASK HIM IF THEY 
REPAIR INDUCTION .MOTORS- MIND YOU-INDUC- 
TION MOTORS 

Vijay knew he was going to make a mess 
of It, but he said it none the less. Stumbling 
on every word he stammered out. 

“Do you—Do you repair induction--- 
ah—induction motor?" 

"Keep out of this. Kid’ Let your father 
speak!" said the salesman. 

VIJAY. WE WONT GET IT HERE' LETS GET OUT! 

Both of them turned to go. The salesman 
.spluttered in a rage. "What's this non.sense? 
Wasting people's time? Here' Don't run 
away like that! 1 want to know something 
about y*)u two' Thi.s town is infested with 
pranksters and shoplitters like you . " 

He raised the counter fiap and started to 
come out Vijay was about to swoon with 
fright. But tlierc*was the voice of Gogram— 

|)l)NT WORR\. VUAY' I I.L A ITEM) TO THIS' LET’S 
CO' 

There was a shaip click' from the repair 
bench. A motor started. There seemed to be 
no load on it. The purr turned into a whine 
and then into a screech as the revs picked 
up. The salesman stood indecisively where 
he was for a moment and then barged into 
the shop, muttering angrily to himself. 

Gogram stopped in front of a radio shop. 
VIJAY' LET’S SEE HERE’ MAY BE WE LL GET IT 
HERE* 
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SCIENCE 

|n) POSTGRADUATE COURSES 
|b) DIPLQIVIA COU RSES : 

Kineeringj 

fa) GRADUATESHIP COURSES 



1C (I) 

lustrial Chemistry 
eramics Er Glass 

Equivalent to B. E. 


i) Institution of Engineers... A.M I.E. (I) 

II) Institution of Electronics £r Telecommunication 
Engineers... Grad lET.E. (I) 

III) Indian Institute of Metals... A M.l I M. 

IV) Indian Institute of Chemical Engineers.., 

A M.l I Chem.E. 

v) Indian Institution of Industrial Engineering... 
I.I.I E. (Industrial). 

VI) Aeronautical Society of India...A.M.Ae.S.I. 

Ceramics... A.M.I.l. Cer. 


b' OTHER COURSES 


i) The Institution of Automotive Engineers... 
A.M.I AE. (I) 

i) Electronics Er Telecommunication 


i) Institution of Business Management... A.M.I.B.M. 

ii) Institute of Chartered Accountants... A.C.A. (I) 

III) Institute of Cost & Works Accountant&J.C.W.A.(l) 

IV) Company Secretary... A C S. (I) 


b) DIPlomA COURSES 


i) Business Management 

ii) Sales Er Marketing 

ill) Personnel Er Industrial Relatioris 

iv) Management Q Financial Control 

v) Research Er Technology 

vi) Export-Import Management 

vii) Purchase Er Materials Management 


• Qualified Er Experienced Staff 

• Fully Equipped Laboratory 

e Wide range of Library Books 

• Model Answers 

• Career Guidance a Placement Service 
Detailed prospectus available at Rs. 10/- for 
Engineering Courses and Rs. 5/- for Science & 
Management Courses from The Director. 


¥hi only live once ••• doitinstjle 



Brylcfeein 

Hairdressiiig... 

It^ part of your Style 



'How to look smart and 
feel confident 

Please mail 70 paise stamps 
and a cork from inside the cap 
of any Brylcreem jar to ; 

HMM Limited, Dept.SC 
1, Jai Singh Road, 

New Delhi 110 001 


OBM 6S2S' 
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This time VIjay was very cautious indeed 
ds he stepped in.' 

IP THEY ASK YOU. TELL THEM WE RE JUST 
IXJOKING. 

As soon as they entered, the expected 
question came. 

"Yes? Come in, please. What can I do for 
you?" 

^othini;. Thank you! We are just look- 
inT' Vijay said boldly. 

The salesman evidently disapproved peo¬ 
ple on sight-secinit tours, but beyond 
keeping a close eye on them, he said 
nothing. 

Gogram, with Vijay following, was wan¬ 
dering through the counters and show¬ 
cases. Radios, Record changers. Taperecor- 
ders of all varieties were displayed along 
with many spare parts. Cogram didn’t 
' spend much time, but his glance seemed to 
take everything in. 

NO' VIJAY, THERE'S NOTHING HERE FOR US' 
“You understand all this, Gogram?" Vijay 
asked 

* WELL, MOST OK IF AT ANY RATE THERE ARE 
SOME NEW THINGS, HUT VIJAY. YOU ARE ON A 
WRONG TRACK 

“What wrong track?" Vijay didn't under¬ 
stand a word. 

OH. NOIHING VIJAY ( OME ON' 

The attendant was watching them. He 
seemed quicker and sturdier than the 
electrical repairsman If he had any suspi¬ 
cion— 

00 NOT WORRY. VIJAY' COMF. ON' 

So they stepped out; radioshops and 
general merchants, Jewellers and gold¬ 
smiths. toy shops ai^d watch companies— 
nothing .seemed to satisfy Gogram come on 
>^|IAY• he kept on saving. 

Viiav slumped down on a rotk. The sun 
was scorchingly hot and Vijay felt as if he 
hadn't eaten for day. lie took out the three 
cubes from his pocket and held them out to 
(lOgram 

“Take these. Gogram And now what?" 
OH KEEP THEM WITH Y01‘ VIJAY' LET ME THINK A 
mr 

Vijay kept staring down at the shining 
cubes in his hand 

“Gogram, siippo.se you get this thing— 
whatever it is—how much of it would you 
be wanting?" 

WELL, IT WILL BE ABOUT THE SIZE OK YOUR 
IIP At) 

“And your white machine broke down for 
just that one piece?” 

, OH VUAY, YOU STILL DONT BEMEVE ME' VIJAY. 
OUR MACHINE IS SOMETHING FAR DIFFERENT 
THAN WHAT YOU THINK 
And at that moment Vifay remembered 


Professor Shiv Shankar He was their neigh¬ 
bour and if anybody knew about these 
strange shining cubes of Gogram. it had to 
be he! Gogram had suddenly become still as 
he followed Vijay’s thoughts. 

YES, VIJAY SHOW HIM THESE THINGS' RUT 
CAREFUL. 

“Why? He has known me since 1 was a 
toddler—" 

YES BUT THESE THINGS ARE NEW TO HIM' HE'S 
SURE TO ASK YOU WHERE YOU GOT THEM-TELL 
HIM YOU FOUND THEM WHILE PUYING ON THIS 
GROUND 

Vijay stood up. He had to be home before 
twelve. Relations between Vijay and his 
father were a bit strained, just now. 

VIJAY, I KNOW WHAT HAPPENED YESTERDAY 
NIGHT<-AND WE BOTH ARE VERY VERY SORRY FOR 
IT—YOU WERE CERTAINLY NOT AT FAULT 

“Gogram. 1 have to run away now...." 

WHEN WILL YOU COME AGAIN. VIJAY' 

“But what can 1 do now? I tried all the 
places 1 know." 

WELL, THERE'S STILL TIME—WHEN WILL YOU 
COME ' 

“How about today evening, say six 
o’clock?" 

YES—FINE-AND REMEMBER ABOUT THE 
CUBES 

Professor Shivshankar, or Nana, as he 
was known, was in his late fifties. He and 
Tai. his wife, occupied the large bungalow 
next door to Vijay. They had no children 
and showered all their affection on Vijay. 
And Vijay being a normal child, responded 
with equal ardour. 

This Sunday afternoon as he barged in on 
the Shivshankars he found Nana in his 
study, going through the weeklies. 

“Are you very busy, Nana?" 

Nana folded the paper and removed his 
glasses, 

“Yes’ What’s it. Vijay?" 

“Nana, see what 1 found on the groundl" 
Vijay held out his palm, he had been 
gripping the cubes very hard and they were 
sweaty by now. Nana gave them a cursory 
glance and turned to his paper. 

“Well, very fine! What do you want?" 

“Nana, can you tell me what these things 
are?" 

“All right, let's see them." Nana straight¬ 
ened up in his chair, put on his glasses and 
picked up the cubs, humming quietly to 
himself. AH of a sudden he stopped hum¬ 
ming and sat up bolt upright and still. 

“Where’d you find this. VUay?" 

“On the colony grounds" 

“When?" 

‘Yesterday." 

“But where on the grounds exactly?" 


“You know the small mound in the 
middle? Just by the side. 

“There was nothing else? No marks? No 
box? Packing case?" 

“No. One of these shining cubes caught 
my eye." 

“Shall I keep them with me for a day or 
two? ril take them to the laboratory with 
me tomorrow and have a check up on 
them—O.K.?" 

“Oh, that’s quite all right, Nana. Will you 
be able to tell me something about them 
tomorrow evening?" 

“Oh, you, I think so ... I think I am sure 
of it." 

Vijay left the house still as excited as ever. 

...He remembered a couple of occasions 
when Gogram had reached out to him, 
either to advise or to comfort him. Suppose 
he called out to Gogram now, for a change? 

Well, he could make a try at least. He 
shaped his mouth and gave out a silent call 
in the darkness. 

"GogramI Gogram!" 

There followed a couple of minutes of 
tense silence. Vljaj^ was on the point of 
repeating the call ... when suddenly the 
music sprng up around him—Gogram was 
there! 

VIJAY' IT'S 1. GOGRAM' 

For the first time, Vijay felt that Go- 
gram’s voice was even more strange and 
more attractive than the music. 

ARE YOr HLSY JUST NOW GOGRAM’ 

WELL. YES* AS A MATTER OF FACF, I AM' WHYI 

“Is It very important work?" 

WELL, IT DEPENDS-WHY’ 

“Gogram, 1 couldn't come to you this 
evening. But I’ve given your cubes to the 
professor ... I told you about him?" 

PROFESSOR or WIIAP vijav' 

“Oh. I don't know that! But he—Nana - - 
said that he was going to take the pieces 
with him to his laboratory—“ 

LABORATORY^ OH I SLF 

“Gogram, he seemed very surprised on 
seeing the cubes." 

VUA' WHEN HL HIM I Y EXAMINES THEM. HE'S 
GOING TO BE A VERY SI KPRlSbL) MAN INDEED' 

“Gogram, suppose you don’t get these 
things here—then you would be stranded 
here for all time?" 


Did Gogram sava his Mar¬ 
tian chitar? What happened 
to Vijay? Read about their 
adventures in the next in- 
sfalment 
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1 •nttlturise—B Some foods and 

beverages subjected to this heat- 
treatment method can be rid of harm¬ 
ful germs Named after French scien¬ 
tist Louis Pasteur (1822-1895), who 
showed first that wine and beer could 
be prevented from spoilage by heating 
to about 57*C for a short while Milk 
can be pasteurised by heating at 62*0 
for 30 minutes, but the time can be 
shortened if the temperature is 
raised Today some foo^ are even 
subjected to beta or gamma rays, a 
process called radiation pasteurisa¬ 
tion 



2 •Galvanlse:-nA Although in ordinary parlance the word means “to 
stimulate”, galvanisation involves coating iron or steel with ^inc to protect it 
from rust and corrosion About 35 per cent of the world’s zinc is consumed this 
way The term derives from the name of Italian scientist Luigi Galvini 
(1737-1798), whose pioneering studies actually consisted of “stimulation ’ 
using bio-electricity Although Galvini made great contributions to the theory 
of electriLity, his basic training was in medicine—he took an MD and 
specialised in anatomy and obstetrics 


3 eAngstrom-^ A unit of length equal 'to 10 '*’ metre, and named after 
Swedish physicist lonas Anders Angstorm (1814 1874J One ot the founders of 
spectroscopy Angstorm s studies were far reaching —from the composition of 
the Sun’s atmosphere to zodiacal lights and thermal conductivity 


4 •Wattage— A: A watt is equal to 
1/746 horse-power, or one joule of 
work done per second. (In electricity, 
It’s the power dissipated when a 
current of one ampere is carried 
between points 'having a potenti^ 
difference of one volt.) Named aim 
James Watt, the Scottish engineer 
who lived between 1736 and 1819 and 
invented the steam engine, among 
other things. 




Watt'll aunt rtpnvM him tar vnathg tbna, 
Insat WattInmUdkaie 


O* Fallopian tubes—A Ihese connect the ovaries to the uterus, providing 
for the movement of the male sperm to the female egg Named after Italian 
surgeon Gabriel Fullopius (1523-1562) who made pioneering studies of the 
genital organs Fallopius discovered and explained the functions not only of 
these tubes, but several important nerves, even the canals of the ear It was he 
who also named the vagina clitoris, placenta, cochlea, palate, etc (all names 
with Greek or Latin origins, as you can see) 
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6*Magdhiiie— C' The Magellanic 
Cloud IS agalaxy named after the 16th 
century navigator Ferdinand Magel¬ 
lan. Actually tins is considered to be a 
twin companion galactic system to 
tjKir CalaiQr. The Magellanic twin gala- 
ms are some 150,000 light-years 


from us. But if that's too for for you, 
at home too we have the Magellan 
Straits, between the tip of South 
America and Tierra del Puego, named 
after the great adventurer 


7 •Vutcanlsc—B: Vulcanisation is a 
chemical finishing process to improve 
the tensile stren^, elasticity and 
other physical properties of rubber, 
both natural and synthetic. The first 
to vulcanise rubber was Charles 
Goodyear (1800-1860), an American 
In 1^9, he dropped some India 
rubber mixed with sulphur on to a 
hot stove by accident and discovered 
the process Goodyear eventually got 
a patent, yet had to face so many legal 
problems that others made millions 
from his discovery. But when 
Goodyear died he left his family 
heavily in debt 



9 • Braille—B* System of writing 
that uses raised dots, and can be read 
by touch Named after the blind 
Frenchman Louis Braille (1809- 
1852), who worked out the system 
and published treatises on it Despite 
his blindness, Louis also proved to be 
a talented musician, and even devised 
an adapted version of braille for 
representing musical notations. 


8 *0x1101111111—C: A form of colour 
blindness where green and red are 
confused. So named because the En¬ 
glish scientist John Dalton (1766- 
1844) suffered from it. 


10 •Celsius scale—A: Also called 
the centigrade scale, it is the most 
widely used temperature scale today. 
It has zero degrees for the freezing 
point, and 100 degrees for the boiling 
point, of water Swedish astronomer 
Anders Celsius (1701-1744) invented 
the thermometer having this scale 
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FUEL-SAVING CERAMIC 
RECUPERATOR 



F TKNACKS in metdl nillinj?. heal treat- 
inj{ and fnrfjinfl industries waste enor¬ 
mous quantities of hitSh {^rade heat A 
furnace operating; at a temperature ot 
1400'C and ventinfl the extiaust Stases 
directly into the slack, toses about t)8 per 
cent of the enert^y input. Fif2. 1 illustiates 
the enerf{y input, output and heat los.ses tor 
a typical furnace. 

Metallic recuperators have been u.sed tor 
preheatinft combustion air by heat reco¬ 
vered from exhaust biases with resultant 
savings in fuel input. However, they suffer 
fiom severe technical limitations. Mi^h 
temperature creep, oxidation and corrosion 
caused by vanadium and sulphur in fuel, 
restrict their use to about 9001' In hinh 
temperature applications, therefore, dilu¬ 
tion o( the exhauit f^ase.s is e.s.sential 
re.sultini^ in a reduction of an preheat 
tcmperaline and net fuel savings 
Anothei limiting factor m.furnaLe waste 
heat recuperation is the mabilitv of avail 
able Lombuslion equipment to take in 
conbuslion air at high preheat lemperii- 
tures However eertain refractors’ materials 
u.sed in the !he leramic reuiperator helps 
to handle exhaust gases iipio UOO'C It can 
be easily installed and saves fuel up to ISO 
per cent 

A ceramu cuboid with a honevcomh of 
air and gas passages at light angles to each 
other forms the coie of the recuperator tsee 
hg. 21 These passages allow lor cross flow 
heat exchange between Itie hot flue gases 
and the cumhuslion air. 

The ceramic mateiial used pnwides tor 
high thermal shock resistance, low thermal 
expansion and good coirosion resistance. 
The channel widths have been rjptimiscd for 



minimum pressure drop and maximum 
heat transfer 

The cuboid is placed m a sealed and 
insulated metallic housing. The complete 
module thus consists ot the ceramic cote, 
the resilient relractorv seal and the msu 
lated housing 

Some of salient fculures of the ceramic 
lecupcrator are the high fuel savings fiom 
pet cent to 5(1 per cent depending on 
furnace operating temperatures. It has a 
high temperature resistance, ensuring .safe¬ 
ty of operation with a wide temperature 
range upto 1400"C The recuperator has a 
longer life because of high corrosion re.sist- 
ance. It is compact, easy to install because 
of its large surface area per unit volume. It 
does not involve change in existing burners. 



Airconditioner-cum- 
bottle cooler 

C OOl.NfcISS Is what ever>'one desires in 
.summer. To cater to this need, a firm in 
Bombay has manufactured a new vertical 
window airconditioner with a built-in de- 
humidificr-cum-holtle cooler. <‘i 

The airconditioner cabinet is 3H.5 cm 
wide and 6H cm m height and can thercMore 
fit comfortably into most single window 
openings without any alterations There arc 
separate doors in front of the grill providing 
easy access to the bottle cooler compart¬ 
ment as well as to the evaporator coil filler 
The filler can eaSiIv he removed aiiJ 
cleaned periodically without lernoving the 
entire grill. Om.stant supply of fresh air is 
provided through tiny ducts. 'I he fan motor 
IS permanently luhr^fialed and therefore no 
periodic oiling is required. 

The entire unit is mounted on a sturdy 
steel frame enabling the air conditioner to 
he firmly supported at the corners and 
sides This helps to reduce vibration and' 
n()i.se. 

The teak-wood grill i.s Cf>ated with niulfi- 
pie layers of melamine to make it water¬ 
proof and scratch and stain-resistant. 
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Eye-in-the-^sky 
made sharper 

T he imaginiS capabilities of “eye-m-the- 
sky'' satellites employed for weather 
forecasting and numerous other applica¬ 
tions could be markedly improved as a 
result of a discovery in the US of a practical 
way to make use ultrasensitive indium • 
antimonide in the infrared detectors used in 
these systems. 

The breakthroug^i will mean that indium 
antimonide—the most sensitive and lowest- 
cost material available for this lype of 
tletector—can for .the first time be em¬ 
ployed in space satellites. Until now the 
material has been limited to imaging sys¬ 
tems aboard aircraft or on land because of 
extreme cooling requirements. 

For niaximum effectiveness, infrared de¬ 
tectors employing conventional indium 
antimonide must be operated at tempera- 
' tures below 149^C, which can be main¬ 
tained only by cooling them with liquid 
nitrogen or liquid helium. These coolants 
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evaporate and must be replenished or i 
replaced periodically, ruling them out for 
unattended space satellites. 

By contrast, the new ultrasensitive in- ' 
dium antimonide material will permit the 
detectors to perform effectively at tempera- ' 
tures as high as ~116"C. These tempera¬ 
tures can be maintained indefinitely by . 
satellite refrigeration systems powered by • 
on-board solar cells. 

Infrared imaging systems are based on ' 
the principle that all forms of matter give 
off some heat. The heat is emitted as 
infrared light waves, which are mvisibie to 
the human eye. These light waves (located 
beyond the red end of the .spectrum) can be ’ 
detected by heat-sensitive materials and 
recorded to make a ''picture " of the object. 

Most aerial infrared imaging systems 
employ a rotating mirror to reflect radia¬ 
tion from ground-lex'el objects onto a 
detection surface consisting of an array of 
pencil-point-size sensors. The sensors con¬ 
vert heat energy from the objects into^ 
proportional electrical signals, which are 
processed by computer into data or video 
images. 

When infrared radiation hits one of a 
detector's .sensing sites, a charge propor¬ 
tional to the amount ot absorbed heat is 
generated. A conducting plate located at 
one side stores the charge for a fraction of a 
second until il can be "read" by electronic 
scanning circuits. 

To perform effectively, detectors must be 
able to retain a charge in their "potential 
wells” until scanning occurs. Conventional 
infrared detectors are plagued by a noise 
phenomenon (called "dark current") com¬ 
parable to static This disturbance degrades 
the accuracy ot the infrared radiation read¬ 
ings and. thus, the quality of the images. 

It was determined that certain types of 
impurities in the indium antimonide play 
an important role in the generation ot this 
dark current This was reduced maikedlv by 
developing a special proce.ss that controls 
the amount and type *•! impunlic.s. 

In the new proces.s. a conventional in¬ 
dium antimonide watei i.s coated with a 
thin, high-purity overlayer. The costing 
layer is precipitated onto the wafer from a 
supeicooled melt consisting of indium, 
antimony, and a special impurity, or 
dopant. Great rare is taken to "boil oft ' all 
undesirable impurities tmm the mixture. 
Like the original wafer, the coated wafer has 
a mirror-like finish This allows it to be 
fabricated into detectors employing conven¬ 
tional processing techniques. 
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Darwin and the ape within 

T here is nothing more dangerous than 
a good idea that falls into the wrong 
hands. Poor old Darwin merely observed 
that we shared our distant ance.stors with 
the great apes, and the next thing you know 
people like Konrad Lorenz are writing 
rubbish about “man as he is today, in his 
hand the atomic bomb, the product of his 
intelligence, in his heart the aggression 
drive inherited from his anthropoid ances- 
tors”. 

More than by Freud, even more than by 
Marx, the ideas that rule our century have 
their source in the man who died a hundred 
years ago today: Charles Darwin. His theory 
of evolution is the foundation of our present 
view of mankind’s origins and our relation¬ 
ship with the natural world. However, it has 
also been grossly misu.sed to purvey other, 
quite unproven assumptions. 

Despite the recently renewed attacks 
upon it by some fundamentalist religious deep”, and argued that within us there lurk man”, “evolutionary” explanation for why 

sects, Darwin’s theory of evolution con- primitive, dangerous and sometimes un- we fight wars. 

tinues to command almost universal assent controllable forces inherited from our If it’s true, of course, we are doomed. It 

amongst educated and open-minded people, “animal past”. would mean we cannot help fighting wars— 

It is just a theory, of course, but then so is there it is back again, original sin in you cannot argue with your genes—and we 

the law of gravity. (Nevertheless, until pseudo-scientific guise, the evil beast inside now have nuclear weapons. Fortunately, 

someone observes objects falling upwards, that makes us do all these terrible things. this whole neat package of ideas is almost 

people will be reluctant to jump off cliffs.) Simple, romantic, and in a way comforting: certainly utter garbage from beginning to 

Recent allegations that some biologists it's not our responsibility, we're wicked and end. 

are coming to doubt Darwin’s theory are violent because we can’t help it. The amount we actually know about the 

quite misleading (and often deliberately so). The influence of these “Darwinian” ideas early evolution of our own species is very 
His key observation that all living things are on Freud was decisive. Sex, aggression, the slight, but there is no persuasive evidence 

related to each other by descent, like the drives^ inherited frorn the animal past are that weapons and killing played a particu- 

members of a single vast family tree, is not Freud's instinctive “id”, and the civilised larly pivotal role in making us human. Nor 

challenged by any serious scientist. present his conscious, rational “ego”. do apes fight wars. In any recognisable 

It is only his particular theory of natural Appalled by the carnage of the First World form, wars are not only a human but a 

selection, his attempt to explain how spe- War, Freud wrote in 1914 that it proved the specifically civilised phenomenon, 
cies came to be so widely varied (which he fundamental thesis of psychoanalysis about Of course we sometimes behave aggres- 
worked out before there was adequate the dominance of the “primitive, savage and sively. Even sheep do that. But war is not 

scientific knowledge of genetics or muta- cruel impulses of mankind” over the “feeble Just mass aggression—drunks on Saturday 

tioni, that has been questioned by some and dependent intellect”. night, but more of them. Normal aggressive 

modern biologists Then a whole series of anthropologists behaviour between human beings rarely 

Sadly. Darwin himself is not free of blame and popular writers from Raymond Dart in leads to killing: not one man in a thousand 

for the nun-scientific and misleading way in the 1930s to Robert Ardrey and his imita- will kill anybody else in his life, except in 

which his theory' has been converted into a tors in the 196()s elaborated on the theory the service of the state. Most people have to 

sort of alternative creation myth, with the that the key event that differentiated man’s be carefully trained and conditioned before 

Christian doctrine of original sin smuggled earliest ancestors from other apes, and they will even kill in 'war. 

back in Indeed, he encouraged his cousin began their rapid evolution into ourselves. There is absolutely nothing in Darwin’s 
Francis Galton to pur.sue the ideas which in was the invention of weapons with which theory of evolution itself, or in subsequent 

one form were to lead through 'social we could kill animals (and each other). archaeological and anthropological re- 

Darwinism' to new justifications for racism. Dart wrote of how early man was sepa- search, to support t.he idea that war is 
and in another, even more harmful form to rated from his primitive relatives by “this "natural” (and therefore inevitable) be- 

the concept of the 'beast within us’. common bloodlust differentiator, this pre- haviour, or the underlying belief that we 

It was Gallon who theorcsed that the dacious habit, this mark of Cam.” Ardrey operate on two levels: the civilised exterior 

“civilised races of mankind" (and above all explained: “We are Cain’s children, all of and the beast within. Such ideas simply 

the English, of course) had evolved to a us ” Respectable scientists like Konrad encourage and justify a fatalistic toward 

higher level than "savages”, an idea eaf^erly Lorenz observed aggressive behaviour in war. and have more to do with theology 

seized upon by racists in every succeeding geese and fish and then drew breathtakingly than biology. ^ ^ *f 

generation. It was also he who wrote that bo\d analogies with human behaviour, and uWfyiiOC Uymr 

“our Anglo-Saxon civilisation is only skin- there you had it: the complete, “Darwi- MrDiferisaljondon-4tasmifr^!anceJourna^ 
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Design your beam positioning systems around General Scanning 
Optical Scanners and Components, the most complete line available 
anywhere 

Choose from open>loop or closed-loop scanners with flyback times 
down to one milli- second and capability to drive mirrors as large as 
100 X KXhnm over optical scan angles of up to GO® peak-tn-peak 
In closed loop systemh, you can attaui position transducer 
nonlineanties down to 0 1% with essentially infinite i esniutinn. 
Flexure pivot rotor suspen SKins are available w Inch offer indefinite 
life in difficult environments. 

For high frequency applications, our fixed frequency, self resonating 
scanners offer sine- wave operating frequencies up to 18 KH/ with 
optical scan angles up to GO® peak to-peak. For difficult 
environments, beanngless flexure suspi nsions can be obtained in 
rc'sonant scanners 

In addition to scanners, vou can obtain supporting c omponents and 
sub-assemblies from General Scanning such as dnve amplifiers, 
sawtooth generators, temperature regulators, mirrors and 
X-Y heads 

This iratrumont i« available against customer's own import lioanca 
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To Meet the Challenge Boldly 
and Confidently 
READ LIT. GUIDES 

11T Chemistry Sarin and Sarin Pages 994 Rs 45 
Numerical Problems in Chemistry Sarin Pages 566 Rs 
20 00 

11T English Grammar & Composition Rajendra Pal Pages 
166 Rs 10 00 

NT Mathematics.Dr Mathur&Jaggi Pages435 Rs 27 50 
11T Physics Shankara Narayana Pages 500 Rs 25 00 
Numerical Problems in Physics Dhar Pages 329 Rs 27 50 
Fundamental Inorganic Chemistry Soni Pages 724 
Rs 27 50 

Fundamental Organic Chemistry Soni Pages 450 Rs 2000 
Textbook of Physical Cher^lstry Soni Pages 1134 Rs 40 00 
BSc Problems in Chemistry Soni Pages 746 Rs 22 50 
Chemistry Objective Tests Gnanapragasam Pages 354 Rs 
15 00 

Textbook of Inorganic Chemistry Soni Pages 1396 
Rs 52 50 

Textbook of Organic Chemistry Soni Pages 1240 Rs 50 00 
BSc Problems in Physics Dhar Sehgal etc Pages 756 
Rs 30 00 

Language of Chemistry Sarin Pages 184 Rs 7 50 

SULTAN CHAND & SONS 

23, DaryaganJ, Naw Dalhl>110002 
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W E feel hungry when there is no food in 
the stomach On an average the stomach 
i Uniltles itself in a matter of three or four 
Ihe stomach walls then collapse and 
loosely together as in a deflated 
Mtaaa, At this stage the stomach under- 
periodic movements, which become 
r iiMiNre frequent and of greater intensity with 
^e. Soon, we become aware of these 
gastric "growlings’ or “grumblings” and 
associate them with the typical sensation 
that we call hunger These movements of 
the stomach therefore are called “hunger 
contractions” 

Hunger contractions are feeble in old 
people and quite strong in the young They 
are often associated with an unpleasant 
painful sensation in the region of the 
stomach. Hungry people may also experi 
ence weakness, irritability, loss of temper, 
occasionally headache, nausea and apathy 
to mental and physical work 
Scientists have studied the contractions 
of the wall of the stomach by having a 
subject swallow a thir rubber balloon 
attached to a long rubber tube The balloon 
18 inflated till it touches the walls of the 
stomach It then reflects the changes inside 
the stomach, which are recorded b> con¬ 
necting the long rubbei lube tc a recording 
device 

Study of stomach movements has helped 
in understanding the nature ot hunger and 
has i^evealed the fart that the urge to eat 
does not depend entirely un sensations 
coming from the region of the stomach 
For. patients continue to eat even after 
complete removal of this organ SecondK 
intake of food is shown to depend on the 
activity of two centres the teeding and the 
satiety centres m the hypothalamk pait of 
the brain Feeding centre is Lhronicallv 
active creating dcsirt foi intake of tood Its 
destruction leads to (.essafion of eating 
(anorexia) in conscious animals On the 
other hand satKt\ cciitK has an inhibitor 
influence on the teiding centre and its 
stimulation icJiilcsc itingdesire NoimalK 
the teeding centre is in cheek and satiety 
centre reguhles ttic tood int.ikt ot in 
individual 

It IS hclicud that the tietiMtv ot the 
satiety centre is dependent on the c ipaeity 
to metabolise blood glucose When the 
amount of giueose in the hinod is iov\ 
eating centu gets inadequate suP(>i\ n( 
glucose It then heeonies leli t. stirnulalts 
feeding centre and eonseguentiv iiegucnt 
Vigorous hunger contractions aic pioduccd 
Opposite IS the case whi n th<. blood glucose 
level IS high Satietv centre has aJeguate 


supply of glucose there is inhibition of 
feeding centre and no stomach contractions 
aneJ no sensation of hunger 

There is also a conditioned leflcx associ¬ 
ated with hunger It food is eaUri regularly 
at a particular time each day hunger 
contractions will occur at that time In 
contrast a state ot satiation is produced by 
mere distention of the stomach induced bv 
placing anything into it Movements of 
chewing and swallowing smoking or e\in 
tightening the belt uvei the abdomen 
abolish the sensation of hunger However 
sleep h.js no eltect on stomach cuntrac 
tions 

Hunger is a protutive signal to wain a 
person of the nccessii^ lot regular intake of 
nutriment II this warning is nut heeded 
and tonj IS not taken in time, the individual 
begins to lose tiis strength and after the first 
day or so the hunger pangs are reported 
not to he h) bothersome in cases of 
prolonged semistarvation where a small 
but inadequate amount of food is available, 
sensation ot hunger grows until it almost 
entirtlv dominates the individual s 
tht»ughts and actions Striking changes are 


observed during famine in the social be¬ 
haviour of victims These are of importance 
as. as per the records of World Food Survey, 
“about a half of the worlds people are 
actuallv hungry and under conditions of r 
chronic semistarvation ’ t 

The term ‘appetite’ is often used synony¬ 
mously with hunger Rut. it is a distinct 
sensation and differs m many respects from 
hunger Appetite is pleasant and is usually 
felt in the mouth or palate, but hunger 
sensation is unpleasant and is referred to 
the stomach region Appetite is the sensa¬ 
tion of anticipated pleasure of eating and 
depends on oduurs and memory of pleasant 
fo^s It may persist even after the hunger 
IS satisfied For example if somebody is 
fond of say icecream >he will eat it even after 
a heavy dinner when he had filled his 
stomach to repletion He does this because, 
as we should call it. he has an appetite for 
icecream 

P. Shanker Rao 

Dr Rao was formerly Professor of Phy$ioloffy dt 
Candhi Medical College Hyderabad He has d 
doctorate from University of London 
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Totally different LIRIL. Rippled green with 
the exciting freshness of limes. Tangy, tingling 
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SMP 


ULTRA-PURE ELECTRONIC 
GRADE MATERIALS 

Special Materials Plant, Nuclear Fuel Complex 

Hyderabad 


The Special Materials Plant is country's 
premier organisation engaged in the 
mariufacture of a variety of high purity 
materials used in electronics industry; 
nuclear, defence and space applications, 
research organisations and general 
engineering industry. Since 1972, SMP 
is producing a number of materials some 
of which are listed alongside. Besides 
supplying these items to about 400 
consumers in the country—both in the 
private and public sector—SMP has 
exported its high purity indium metal to 
West Germany. The value of the 
materials supplied to the Indian industry 
so far exceeds Rs 60 millions. A number 
of programmes are on the anvil to serve 
the Indian industry even better in future. 

Trade enquiries to 

Manager, 

Special Materials Plant, 

Nuclear Fuel Complex, 

Hyderabad-SOO 762 [AP]. 

Phone No. 852350 Ext. 247 
Telex No. 155 304 
CABLE: “NUCFUEL” HYD 


Antimony 

99.999% 

Arsenic 

99.999% 

Bismuth 

99 999% 

Cadmium 

99 999% 

Gold 

Gold potassium cyanide 

99 999% 

(68% gold) 

99.99+-% 

Indium 

99.999% 

Lead 

99 999% 

Magnesium shots 

99 99% 

Selenium 

99 999% 

Silver 

99.999% 

Tellurium 

99.999% 

Tin 

99 999% 

Zinc 

99.999% 

Potassium Tantalum fluoride 

99.9% 

Tantalum pentoxide 

99.9% 

Tantalum powder 

Capacitor grade, 
metallurgical gr 

Tantalum sheet, iod,wire, heater, 

shields, crucible and other 
fabricated shapes 

As per order 

Sodium Iodide 

Optical grade 

Niobium pentoxide 

Zirconium & Titanium metal 

99.9% 

powder and hydride 

Micron size 
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if you are not able to put them across accurately and clearly, you 
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your journey to success less difficult 

Ihis IS where B. I. LANGUAGES INSTITUTE comes in 
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HMdOMM' 

B D.P S /I TI 

103, Hind RaiMihan Bldg 
OttdaMhob Phalke Road 
Dadartaat 
BOMBAY-400 014 
T«l No 448422 
OOPS ITI 

Krishna Cinama Building 
1 at Floor. Shivaji Chowk 
KALYAN-421M1 
B D P S I TI 

Alankar Cinoma Building 
Noar Railway Stadon 
POONA-411 001 
B 0 P S /I T I 
Malhur^ 

Wowray Lane 
Shivaji Road 
NASIK-422001 
B D P S I T I 
Ohanwatay Ashram 
Malviya Rood 
Silabuidi 
NAGPUR-12 
OOPS ITI 
Dr Banaod's Compound 
Flour, Mdliokdi Road 
Nojr Cunirtil Bus Million 
AMRAVATI 
BOPb 111 
GiralJ Niwas 
Rajurkar Building 
Mjiiun Aud 
AHMEONAGAR 
tiopin 
MA Woods Road 
0|ip Mjdraaa AHain 
MADRAS 000002 
Tul hio Ml 1275 
B D 11 I 
Nu } I*‘il.iijirjrn j Pillai 
Sirviif 
Tforiur 

TRICHI 620 017 


Advanced Computer Programming 

Cobol Programming _ 

Basic Programming _ 

Fortran Programming 
Pascal Programming 

Data Base Management _ 

Word Processing _ 

Console Operations 
Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. 


We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 

JOIN BOPS BECmE BOPS IS THE BEST 


CO^TAC J 

B,D.P.S, f-DAI iJA THf ^ Di TAILS 

■ BUREAU OF DATA 

PKOCFSSING SYSTEMS 



BOPS in 
First Floor 

246, Noicker Now Street 
MADURAI 
BOPS ITI 
1siFloo',RS Building 
141 Ranqai Gowder Streui 
COIMBATORE-641 001 
BOPS ITI 
81, Cherry Roed 
Opp P W 0 Office 
Near Reserve Lmi* 
Kumerasdmyparty 
SALEM-636 007 
B 0 P S I T I 
No 12,1 St Floor 
South Cor Street 
Ttrunelvoili Town 
TIRUNELVELU • 627 006 
ITI 

No 1, A Perundursi Road 
Opp Sathye Moorthy 
Hospital 

Now R«vi Theatre 
ERODE-638000 
BOPS ITI 
No 12, East Cross Road 
Gandhi Nagar 
VEUORE-632006 
iT Niidu I 


BO PS/IT I 
No 8 Victoria Rood 
Near Head Post Office 
TUnCORIN 
(T Nadu ) 

BOPS.ITI 
89, Gandhiyadigal Si 
KUMBAKONAM - Bll 001 
BOPS in 

15/, Kamatchi Amman Koil 
Si 

Opposite Kandan Theatre 

PONOICHERRV - 606 001 

OOPS.I T I 

77,5th Cross Road 

Gandhi l< jgar 

BANGALORE-960 008 

Tel No 26414 

BOPS'ITI 

25.9th Main, 3rd Block 

Jtiyanager 

BANGALORE-980011 

BOPS iTI 

873, Narayana Seshn Rd 
Opp Mehadeawara Temple 
MYSORE-570 004. 


BOPS/IT I 

Above New Udyaye Cafe 
Near Soora| Circle 
Railway Station Road 
Robartsonpei 
KOLARGOLDRELDB 
B 0 P S 'I TI 
Dinker Building 
Vidya Negar 
Main Road -1 
HUBU-B80021 

BOPS in 

Shivayan 

Opp Lmgrai Collage 

College Road 

BELGAUM-9B0001 

eoPs/iTi 

Bharat Building 

Room No 40,3rd Floor 

K5 Rao Cross Road 

MANGALORE-978 001 

B 0 P S /I T.l 

89. Brahmin Street 

Above Arvind Gen Agencies 

BELLARV-BB3101 

I.TI 

4ih Floor. VellhoBldg 
Near Municipal Garden 

PANJIM420A 


I T.l 

3rd Floor, Dwarako Bldg 
Near Cine Late 
MARGAON-QOA 
403801 

I T.l 

Melquiedes Building 
Behind Judicial Court 

VASCO-DA-GAMA - GOA 

ITI 

Shankar Building 
Below Poornima Lodge 
Ansa Bhan 
MAPUSA-QOA 
B 0 p s /I n 

Parvathi Mandiram 
Near Dairy Farm 
Patlom 

TRIVANDRUM-BIB 004 

Tel no 65651 
B DPS/I Tl 
10/41SE 

Moideen Pelil Rood 
NearCorp Bus Stand 
CALICUT-673001. 

B 0 P S rl TI 
38/80, Convarv Road 
Near Convent Junction 
Frnakulam 
COCHIN-882011 
BOPS in 
3rd Floor 

336, Chandralok Building 
Office Complex, S 0 Road 

SECUNDERABAD • BOO 003 

B 0 p s 'I n 

12-3 234, Sunnappa St 
2nd Floor 
TIRUPATI-B17601 

BOPS in 

3rd Floor, Above Dana Bank 
Opp M S University 

BARODA-SBOOOB 

B 0 p s /I n 

Co St Xavier’s English 
High School 
Khasmahal, Taianagar 
JAMSHEDPUR 
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If you*re over 18, 
and have stopped growing, 
hut are still not as tall as 
you*d like to be, INSTA^HEIGHT 
guarantees to increase 
your height upto 15 cms. 


"INSTA-HEIGHT is a new, safe and 
scientific method of s-t-r-e-t-c-h-i-n-g- 
your body to increase your present 
height. Permanently Thousands of 
men and women in the U.S.A have 
reported height gains of upto 15 cms 
by following this revolutionary new 
height increasing method I am not 
surprised 1 have thoroughly analysed 
INSTA-HEIGHT, Unlike other so-called height 
improvements methods, I cm fully endorse 
INSTA-HEIGHT-and say it works Effectively 
and permanently" ^ , 

Dr. (Mrs) D. U. GIANANI 

TALI MEN AND WOMEN DOMINATE OTHERS ! 

You are judged by yout looks ' Often, your whole career 
depend? on the first impiessicn you create Iionk around you 
ond for youi«^elf, most people who are successful have tht: 
added ribset of a tall and importing personality 

INCREASE YOUR CHANCES FOR SUCCESS I 

The talloi a person, ihe more easily he seems to reach social 
success, love, bports, jobs and other pleasures. You too, can now 
enjoy the benefit*' of being tal' 

Whether you are IR or 30, you ran still possess the tremendous 
assets (>r a --itnUng figur«- just 2 weeks after going through 
and prnctising this simple step-by-step course, you will bo 
able !•; gain is much as cms to 15 erns, in height Thousands 
men and wcnieii in America have experienced phenomen-il 
height inctG.i*.es by following the revolutionary new 
INSTA-HEIGHT method 

SPECIAL 7-OAY MONEY-BACK GUARANTEE ' MMHI BM 

U'^HT fa division of Business Devpiopment Associates! 

3/30b Navjivan Society LaminBion Road Bombay 400 008 

Please rush me your insia Height programme immediataiy under your i 

one week guarantee period If I am not satisfied I understand M 

I can return it withm a week for a full refund (less packing and 
postage)—no questions asked PIpase tick □ appropriate boR 

□ I am enclosing Rs 27 (Plus Rs 3) by chequefBank Draft IPO ^ 

a Money Order for Rs 30 sent (MO No • - - dated - - ) 

□ I am not enclosing any money bnl shall pay postman Ks 30 on 

delivery by V P F VS 

•Name- Ir 


POST IHIS 
NO RISK 

COUPON TODAY 1 


im-meBT 


Address- GUARANTEED HEIGHT INCREASF ST7 
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Your Course ' 
toaCareer in 
Banking 


Bank Recruitment tests are consi¬ 
dered toughest among the objective 
competitive exams Examination 
blues and jitters are not an 
uncommon spectacle at Bank 
Recruitment exam halls 
In these intensely competitive 
exams—and particularly those ot 
Bank Probationaiy Officers'—what 
ultimately leads you to success is 
not only how well you prepare 
before the exam.but also how well 
you gear up yourself to think 
spontaneously while you are in the 
examination hall What a candidate, 
therefore, needs most is the TOP 
OF THE WORLD FEELING, before 
and during the exam in the 
examination hall 


NSB accomplishes exactly this 
critical task. A candidate, who 
studies thoroughly, our specialised 
Books and materials.—developed 
and perfected over the years—can 
alone marshal his mind and 
thoughts to accept the gauntlet 
and challenge of the P O 
examinations Besides, our unique 
and well-known achievement of 
having succeeded in building a 
parallel Question Bank, years of 
specialisation and research, analysis 
and on-goIng study of P O exams, 
their changing patterns—and timely 
revision of our Courses—is what 
has enabled NSB to fully unravel 
the mystery or Bank PO exams 
and place our students—and 


resultantly NSB—on the Top—as 
a coaching Institute of All-India 
repute and unrivalled distinction. 

No wonder our students join 
Banks as Probationary Officers and 
Clerks, in their thousands. 



NATIONAL 
SCHOOL 
OF BANKING 


Indian Education Society Campus, Ash Lane 
(Babrekar Marg). Off Gokhale Road (North). 
Dadar. Bomb^ 400 028 
Phone; 466280. Crams BANK5CHOOL 


JOIN OUR BANK RECRUITMENT PROBATIONARY OFFICERS COURSE TO PREPARE FULLY FOR THE BSRB, LUCKNOW, 
MADRAS AND BARODA COMMON P.O. EXAM WHICH IS POSTPONED TO SUNDAY 12TH AUGUST. 1984 
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Robotic revolution 

by H, K, Bhattacharyya 


Rise of the robot 

byS.A. Khan 

The robots have already arrived—from 
sci-fi to shopfloors 


Programmers, engineers and 
technicians will have increased job 
opportunities with the advent of robots 


“Friends” that the 
farmer forgot 

by John R. K. Robson 

Deep-rooted prejudice against valuable 
plants like the amaranth still persists in 
the developed countries 

21 

The art and culture of 
the megailthlc man 

by S. B. Deo 

No other contemporary culture had 
produced a level of technology and the 
artistic skill as that of megalithic man 

28 

Science City 

The debate continues 

34 

Who minds the antenna! 

by P. J. Joglekar 

A common antenna system may be the 
solution to problems in T\' reception 

36 

Towards a male pill 

by A. R. Sheth and 

S.B. Moodbtdn 

Why should the contraceptive burden be 
carried by women alone-' 

42 

Conversing with 
computers 

by S. Arun-Kumar et al. 

Continuing our series on computerland' 
The vocabulary of computers is limited 
hut precise 

48 

Light is might 

by R. M. Sathe 

“Resources for tomorrow"; Lithium plays 
a key role in thermonuclear technology 

56 

The Martian Chitar 

Science Ret ion 
by Narayan Dharap 

Concluding part of the novel that won 
the National Award for Children’s 
Literature 

64 
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This World of Science 

by R. K Laxman 

Close Encounter 
Feedback 

Science Shapes Life 

Fun with Maths 

Consulting room 
Tetanus 

by Faram 0. Dastur 

Women and Science 
Battle pf the bulge 
by Reuathi Narayanan 

Round-up of Research 


Bookshelf 

Review 

Youth Forum 

Goliath's killer 
by Sylvester Loho 

Awards and Appointments 
Scientiflcaily Speaking 
Brain Teaser 
Blurs and Bright Spots 
Tell Us 

...why ‘touch me not' shies a'vav? 
by Manohar M. Moghe 

Ideas and Inventions 

SHy Chart 
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ONE LAC PRIZE 

For any of Brilliant's 
Students who hits 
the FIRST position 
All-India, in IIT-JEE'85 

Impressive prizes 
for ranks upto Ten. 
Ninety more prizes. 

Similar prizes for 
IIT-JEE'86too. 


m BRILLIANT TUTORIALS 


12,Masilamam Mudali St,T.Nagar,iVladras-17,Ph:442099 
ENROLMENT NOW ON FOR 

POSTAL COURSES : • Regular Courses for Std XII Students for IIT & MBBS Entrance 
Exams '85 • F OUNOATION Co urse for XI Std Students towards IIT&MBBS Entrance 
Exams '86 • R'AfiFlLl^ '85 # Question Bank for MBBS Entrance Exams'85 

• General Studies Er Optional Papers for IAS Prelim '85 from 1st July'84 

• MBA Entrance Exam '84-85 from Mid-Aug '84 

• 2 year'Elite'Course for XI Std Students forllT-JEE '86 commencing Sept '84 
CLASSROOM COURSES 

4 months Course from 1st Sept'84 for IIT-JEE '85 • 5 months FOUNOATION 
Classes for XI Std Students towards IIT-JEE'86 # 2 months Classes for MBA 
Entrance *84-85 from 1st Oct'84 • 2 months Course for MBBS Entrance 
Exams'85 from 2nd Jan 85 • 2 year Elite" Course for Xi Std Students for 
IIT-JEE ‘86 commencing August *84. 
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^HE arnuul rH/aunk ^ aM$$ha$ to At uahmMM a ftw 

M ape Tb* aaaabtr of atadeaU paaahtg the aeetmdaiy seftoo/ earOBealt 
axambiatiaat If geonHag your by ytar. Aai moot damour for odaUooloa to 
oafyaoehctfowiloebi^ooaaiougAoaoavMMeattheuaivaroilyltvtl. fbk 
abnyo nouht ht bitgg aak eonfuoka, ebaoo, SruatraHm aad actirdy 
oaeoungao makmeEeto. AB Ah bria^ no endt to a mtha wUA boaats ^ 
At Ahd btgaot oekatAc oaaapowarA the world. One gato a dhtbret Mhii 
that aometUng h etrhddy ratten to Aa groeea at Aadum. 

It waa, Aortfan, kaartaohg to aoto Aat at haat amne oi Aa^ 
vke-dumeeOora dtoaa to boMy eapitaa Adr mhgMnga at Aa raoudfy’ 
conduded medhig in DeAl convened by Ae Unheragy Granta ComaAahm. 
The primary Aadkm of utUvenUha ia to create an aAmddiare eondudvo A 
Aepurauitdknowk^rmdAhicukdeinitaahmnladaabraAdavotaAalllV 
Uvea to atudy and reamrdi. luateadt Aay ham been turned hUo mehtf 
dlaburaeraofde^reeaAataerveaapaaaportaAandoyment. The accent hodf 
acquiring a hbd and net on gtdning kMwkdge. thia vraa bound to hagpoal^ 
once Ae gatea wore thrown open to Ae maaaea r^ardeaa of AeapAudeot*^ 
aUAyAtreadAedohteredpaAofU^rerlauning. Wotae, Ahooeadbat 
hthoae a diaia raacUoa tAkb dram atiUb^ierauaAara to Aa uttivm§Uaai<\ 
to obtala their own pemita tor aedAtg Ae daily bread. 

Apart from lewarbrg Ae atarrdard of unheraiiy educaUon Ah populhf 
meaturebaa^venriaeteapecuAiraUuathm:OoAeonebmtd, wehavehrga^, 
numbera of graduaha aaddngjoba that bear no relevance to vAat tlwy ham 
atmUed-~the reauU h underemphymart. On Ae oAer hami, due to A$ 
Indifferent quaAy of Aeae graduatea, quUe a few poaUhna rem^ vacant far 
want of auUrMy equipped peraonod. in an induetrbMy demk^trg ndhn Am 
ours the need far akilled tradeamen h mty acutely feU. Aa a result of Ae 
"sekethe” ruA to tiu utUmrsUha many of Aeae eouraea of study remahi 
neglected. The hpaUed demtopment of our educatioud system waa atari^ / 
highUghted by the receut emlpaUon of our aUlkd craftsmen to greener 
paatures In West Ash Aat caused a virtual labour famine here. 

True, pditiehna cannot be Asohred of their reaponalbllUy for Ah state 
of affairs. Huy vh wlA eaA oAer to found coAges far and w^ Wte so mavy 
weeds in Ae cmtnttyside. This miAt assuage false notions a/* preatiAusa 
“demlopment" harboured by lAe maaaea, thus making sure of thehr votes. 

But Ae educationists, social sclenthts aa well aa achnAh an also 
equally to bhme. No serious effort has been made to educate and convAce At 
planners—and Ae masses—of the need to restrict entry to sAods ofhtgber 
kamAg. Emn A aochiht countries, unimrsity education is not for att 
comers. 

We an acutely swan Aat we mlAt be accused of advoeatAg creation of a 
new castehm. But what we an suggesting h nstrucAring of the educational 
system to talhw U to Ae needs of our ^oclefy. Undenruphyment aa well aa 
“mhemphymenV aaUsfha neither Ae indIvAual nor the society. It enfs 
breeds discontent at all leveh whkh Aen finds eapnasAn A a dhaatroua 
manner. These vlce<hancelhn who ham raised their voice, dbeU behtedly, 
thenfon Aserm to te congnAhhd. Ith to be hoped Aat Aelr'a wUlnotA 
a ay in the vdtAmesa. 


EDITOR 
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SCIENCE AND 
THE MASS MEDIA 

I have recently returned from Japan after 
a long stay there, and am impressed by the 
high standards of your magazine which is 
doing a great service in promoting aware¬ 
ness of science and technology in India. 

1 can say from first-hand experience that 
dissemination of scientific information by 
the Japanese media is the major factor 
behind the success and fast growth of their 
economy. Thanks to this conditioning by 
the popular media, the Japanese society is 
' well prepared when new products are intro¬ 
duced—be they the highly sophisticated 
stereo systems or an advanced personal 
computer. The stress in Japan is on the 
information content for mass appeal, rather 
than 'style' or ‘literary heights' for the elitist 
! appeal. In this aspect, your magazine also 
dieserves credit for presenting highly scien¬ 
tific matters, garbed with humour and 
many illustrations. 

R. GEHANI 

EjMaMmPimduets Oofthpmtats 
( MrkmSi/r^heticF^rksS Chemicals 
! Cari^gaoiKlIombaii 400063 

; Daylight robbers 

' Over and above the sources of post-harvest 
infestation ("Day-Light Robbers", March, 

' 1984), the cross-infestation arising out of 
the reuse of old infested gunny bags de¬ 
serves our attention. It has been experi¬ 
enced that even the larvae of insect pests 
like Trogoderma grananum and Rhizoper- 
• tha dominica, etc, hosted by old infested 
gunny bags, cross-infest the fresh grains 
filled in such bags. Especially, if the latter 
are not dipped in malathion solution or 
fumigated with EDCT mixture prior to their 
, reuse. 

Also, a part of insect and fungus infesta¬ 
tion of foodgrains and pulses takes place 
right in the fields when crops are maturing. 
As such, an integrated approach of the 
preharvest and postharvest control mea¬ 
sures IS necessary to contain the robberies 
of the "Ddv-Light Robbers" 

JAYl)EV.FANA 

Dy Asst ihreitnr 
ffiupartion Quahtif i nntr •!) 
df Supptit ' iJcfu 
flenf/tt/ 


Animal communication 


The article "IImw animals communicate" 
(May, 1984) was marvellous. The photo¬ 
graphs of the lovable creatures were specta¬ 
cular. Animals deserve more respect and 
knre than human beings, who don’t c.irc for 
humanity itself. 


.jr, SBM Cokmn NnaJ 
5S0 050 


V VUAYAKUMAR ATRF 
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overridda safety clauses" by Dr. M. 
Bhide (February. 1984). 

Dr. Bhide has agiain raised the issue 
of the propriety of exposing human 
volunteers to insecticidal sprays to 
gauge any untoward effects on human 
health. 'Ihe author has quoted the 
experiments conducted with Nuvacron 
in 1975 in India and Galecron 
in Egypt in 197$ in which aerial 
spraying was done with human volun- 
ters present in the field, to scientific¬ 
ally observe any undesirable effects on 
human beings owing to insecticides 
sprayed under field conditions. The 
tone and language in which Dr. 
Bhide’s letter was couched gives an 
incorrect impression that our Com¬ 
pany is indiscreetly subjecting human 
beings to insecticidal spraying for sci¬ 
entific experimentation without any 
regard for their safety. We would like 
to clarify this erroneous impression 
and put this matter in proper perspec¬ 
tive. 

The purpose of exposure measure¬ 
ments of the kind quoted by Dr. Bhide 
is to determine whether people work¬ 
ing with or near agrochemical pro¬ 
ducts are sufficiently protected under 
realistic field conditions. These mea- 
Isurements are not to be used as 
toxicological tests. In principle such 
measurements are carried out only 
when the results of thorough prior 
toxicological tests conclusively show 
that no harm will come to the people 
who participate in the measurements. 
This procedure is in conformity with 
the principles of the World Health 
Organisation which has issued special 
guidelines on this subject. 

The experiments conducted with 
Galecron in Egypt were in accordance 
with the requirements of the Govern¬ 
ment of that country. Experiments in 



ticiddn iSoird, Dkectorate of Plant' 
Protection, Quarantine & Storage of 
the Government of India vide tfieir 
letter No. 91-17/74-PPdiL dated 

11.3.75. The same authority had asked 
us to repeat the trials as per their letter 
No.91-17/74-PP4cL (Vol.II) dated 

27.9.75. The Government officials fully 
collaborated with our scientists in 
these experiments and observations 
were taken in their presence and later 
certified by them. 

The participants in the exposure 
measurements with Galecron, were all 
volunteers. The participation of teena¬ 
gers, was on the basis of their parents’ 
consent. Juvenile farm workers partici¬ 
pated because of the special local 
circumstances—^they have always been 
intensive workers in the fields. 

Likewise, the consent of volunteers 
for experiments with Nuvacron was 
obtained. The volunteers in both the 
cases were from among the people who 
are normally engaged in the spraying 
work and are generally aware of the 
symptoms of pesticides poisoning. 
CIBA-GEICY staff members were also 
among the volunteers. The volunteers, 
therefore, participated in these trials 
with full knowledge of the symptoms 
of pesticides poisoning. No deleterious 
effects, were observed on human beings 
as a result of their exposure to insecti¬ 
cidal spray. 

With regard to the side-effects like 
diarrhoea, dizziness and headache, 
allegedly suffered by the Egyptian farm 
workers, these symptoms are not re¬ 
lated to Chlordimeform (active ingre¬ 
dient of C^lecron) nor were they 
observed in the farm workers before or 
after the exposure measurements. 
Fwandmbihairfif A- K. BAHL 

HimUSfANaaA CEtCYUMlTED, 

Bombay 


IIT courses for the brilliant 

The Indian Institute of Technology, Bom¬ 
bay. IS offering two postgraduate program- 
mes from July 1984, for the brilliant and 
motivated students. 

The M Tech, programme by research 
offers a three-semester M.Tech. programme 
by research in all the specialisations and 
interdisciplinary are? in which regular 
M.Tech. programmes are being currently 
offered. 

A Pive Year Cooperative Integrated 
M.Tech. programme in chemical and 
mechanical engineering enables students to 
get their postgraduate degree directly Aiith- 
in a period of five years 

The students will be alternating their 
regular course work with 3 to 4 stints of 


paid practical training during the summer 
vacations A number of courses on various 
aspects of industrial practice, finance and 
management will be offered jointly by the 
Institute and experts from the industries. 

The programme will be supported by the 
sponsorship from industrial organisations 
who may also be potential employees for the 
successful students. Students will receive 
Rs. 400 to Ks. 500/ per month for ail 
summer training sessions in the first 3 
years. Ks. 600/ to Rs. 800/ per month will be 
given for the entire duration of the last two 
years. 

H. C. PAL CHOUDHURY 

Pubtk Rehtkms Officer, 

NT. Alim/. 

Bnmbay^OO 07S 




Cm poison bring about Ufe? 

P ROFESSOR Clifford Mathews from 
the University of Illinois, USA. be¬ 
lieves that one of the deadliest gases, 
hydrogert cyanide, may have been the 
building block for the primitive protein 
molecules from which life arose on the 
Earth. 

Among the most abundant elements 
in the universe are oxygen, hydrogen, 
carbon and nitrogen, the last three 
being the constituents of hydrogen 
cyanide. In their atomic form they are 
also the main elements in living matter. 

According to Prof. Mathews, clouds of 
hydrogen cyanide created by the action 
of sunlight on methane and ammonia 
probably encircled the Earth. Through 
polymerisation hydrogen cyanide 
reacted with itself forming a yellow- 
brown solid. This proved to be the 
carbon-nitrogen backbone needed for a 
primitive protein. 

Prof. Mathews thinks that hydrogen 
cyanide polymerisation may be the main 
organic reaction in the universe. The 
existence of cyanide-type molecules in 
outer space further fortifies his 
thinking. 


Campttier-^ided iroubh shooting sy$iem known ss cats-i idsnUfles ths esuses of 
msihineUons in a locomotivo 


Space spin-offs 

I N d space programme, there is hardly 
any room even for the slightest of 
errors. And no effort or expense is spared 
when it comes to protecting the crew 
against all odds. A flawless mi.ssion. 
therefore, leans heavily on a totally 
reliable and foolproof system from the 
start to the finish. 

Jt is not surprising, that a technology* 
which meets such stmgent safety stan¬ 
dards should result in numerous pro¬ 
ducts and processes providing comfort 
to us. earthlings. 

In a space mi.ssion, right at the 
beginning, the astronaut hds to be 
protected from the .searing heat of the 
flame produced during take off. An 
excellent silicon-based material has been 
developed for thermal shielding. Even 
when one side of a tile is red hot, the 
other side can be safely held in hands! 

An insulating film developed essen¬ 
tially for protecting the space craft from 
solar radiation during unmanned 
^ flights, is being used for shielding 
homes from heat and glare. Even a thin 
coating of the film on doors and win¬ 
dows can not pnly ghw protection 


Instant “Nr. Fix-It” 

R esearchers in the us have come 

up with a computerised troub¬ 
leshooting system that promises to 
transform even the most inexperienced 
mechanic into an instant “Mr Fix-ll". 

The portable electronic tool—actually 
a small computer and associated hard¬ 
ware-combine recent advances in the 
fast growing field of artificial intelli¬ 
gence, which involves “teaching'* com- 


/h/s. mmd you, was origi¬ 
nally designed for Seil Armstrong*' 



puters to mimic the human thought 
process. 

The new system is an example of one * 
branch of this emerging science known 
as “expert systems.” Creating such sys- : 
terns involves programming a computer . i 
with the knowledge, experience, and ;■ 
decision-making prowess of human ex- 
perts in a given field. Developed at the ' 
General Electric Ke.search and Develop- ' 
ment Centre in New York, USA. the new 
system will be put to work troubleshoot- . 
ing GE built locomotives. 


against heat in summer, but also can 
trap the heat indoors in winter. 

A tiny gadget, based on a miniature 
circuitry, to protect people—m industry 
as well as at home—from electric 
.shocks, a pen .sized ultrasonic transmit¬ 
ter which can be used to sound an alarm 
or open doors automatically in cd.se a 
person faces danger are dll fall-outs of 
space. 

A very tight weight synthetic mdteriai 
(temper foam) meant for .sealing and 
cushioning in space crafts is proving a 
boon to sportsmen. I'sed in helmets, 
baseball chest protectors and soccer shin 
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' guards, its capacity to absorb shocks is 
to be shocking indeed. 

/Rechargeable foot warmers, helmet 
visors to provide fog free, near perfect 
^‘Vision, an emergency lighting system 
!(SMitch needs no .servicing for as long as 
years all owe their existence to the 
A.;fpace programme*. 

An important spin-off, however, is a 
A/iaser system which can tell from far (900 
;>ni away) how much smoke is being' 
y;4ispersed from an industrial chimney. 
/The entire equipment can be mounted 
';• on a van and moved from place to place. 
/>UnItke the conventional methods this 
not result in the disruption of 
^"ipormal factory operations. 

-Single vaccine against 12 
^diseases 


V ACCINES against viral diseases like 
herpes, hepatitis and influenza have 
, |wen made by modifying the existing 
i ghialJpox vaccine using a technique that 
^theoretically can be used to make vac- 
,.cines for any infectiou.s diseaseIt is 
possible to make a single vaccine to 
} protect against as many as 12 diseases, 
8^ Cnzo Paoletti in a research paper 
submitted to the National Academy of 
.' Sciences. USA. in December. 

Even though the vaccines for hepati¬ 
tis. influenza and some forms of herpes 
already exist, the new technique may 
lead to cheaper, safer and easier-to-use 
/ vaccines. But it would be at least two 
years before the vaccines are ready for 
human trials. 

Smallpox vaccine is made from cow- 
pox-virus. or vaccinia virus, which is 
similar ^^nough to smallpox, to provoke 
the body to huild up its defences against 
smallpox, and thus prevent subsequent 
disease. 

Paoletti has used genetic engineering 
. techniques to insert genes from various 
• ’infccliou.s agents into vaccinia virus. 

, creating viruses that provoke immunity 
' to those other infectious agents. Thus 
the technique has potential for both 
bacterial as well as viral diseases and 
. perhaps parasitic disease--which is an 
extreme problem at the global level. 
5^ Beyond the tact that it may be applicable 
/vio so manv di.sedse.^, the advantages of 
y^'lbe new technique arc that it produces 
vaccines which require no refrigeration. 
I'.i Dnaking them suitable for use in remote 
| V«t‘eas. Iliey are also easier to administer. 
£/They require only a small .sKin scratch 



Rescue jobs up in the sIqt 

T he Indonesian Palapa B-2 and West¬ 
ern Union Westar 6 spacecraft may 
not be totally lost in space—not yet. 
National Aeronautics and Space Admi¬ 
nistration (NA$A) of the US is planning a • 
rescue mission during one of the future 
shuttle flights. 

Palapa B-2 and Westar 6 were taken to 
space on the tenth shuttle flight. They 


failed to reach their geosynchronoMS 
orbits and could not begin normal ^ 
functions. 

«The hopes of rescuing the spacecraft 
have brightened following the success of 
the astronauts in repairing the Solar 
Maximum Satellite using the manned 
manoeuvring unit (SCIENCE TODAY. 
May 1984) during the 11th shuttle 
flight. If Indonesia deckles in favour of 
it. the rescue mission would be possible 
as early as October-^December. 


and not an injection. Yet another advan¬ 
tage is that vaccinia virus stimulates 
both of the two main components of the 
body's immune system—antibodies and 
white blood cells. The scheme would 
also be useful for making special vac¬ 
cines against local outbreaks of rare 
viruses. 

—WUiyi Altekar 


‘linage* is as good as real 

VT’OU must have heard about the 
1 “Jaipur foot", which has brightened 
the lives of many amputees, but the 
Americans have gone a step further. 
'Image', an artificial breast has made 
news in the US (Newsweek, May 21. 
1984). 


"Keeping in view mg image in society, 
rve Of tiered the American version ." 



The designer Arthur Pfrommer uses 
the same conventional medical silicon as 
standard pouches—but with a differ¬ 
ence. The device is 'made to order' and it 
has another plus point. It requires no 
cumbersome undergarment to hold the 
prosthesis in place and hence imposes 
no strain on the shoulder. 

First, a plastercast of the woman's 
chest is made. Then a clay sculpt 
identical to the woman's normal breast 
is made—complete with contours Using 
this as a mould, a silicon pouch is filled 
with silicon gel, and coloured to match 
the user’s skin. Now ‘Image* is ready for 
use. The woman attaches this to her 
body with any sticking medium—liquid, 
tape or medical adhesive. 

The major drawback envisaged is that 
It is expensive than most artificial 
breasts. But that shouldn't deter many 
fashion-conscious ladies. 

Paint once for all the 
time to come 

A PAINT that lasts forever has been 
xVdeveloped by a research centre m 
Surrey. UK. This anti-corrosion (anti- 
rust) paint can be used on almost ail 
metal structures, including cars, 
offshore installations, bridges, factories, 
etc. The paint is produced using a 
complicated but well-known phenome¬ 
non—ion exchange. Ion exchange is a 
reversible chemical reaction, involving 
an ion exchanger (a solid, and a fluid 
usually water) kv means of which ions 
are interchanged from one substance to 
another. 
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The prawaiOe tt hm exchingc» used 
in Mftmtacwihir, clearing of wines and 
other iw nnai h U . In the new paint prepa 
ration, tljg gMtKatnn u slight!^ com- 
pien CohOM i w molecules m the en- 
virenmeiit atiwdt n<etal structures, des 
trasung dmir grotectiwe coats of paint 
The nme Mint, contains a pigment 
wh^ lies doftnant, until activate hy > 
potentially corrosive agent like the 
chidnde m nit apny or sulphate in acid 
raia The activate pigment, then locks 
onto the porraanre direat, and prevents 
It from attacking the underlying mcUl 
In theory the reaction is reversible and 
periodic washing of the paint would 
wash away the corrosive substances, 
leaving the pigment free to act agam if 
necessaiy 


Good nowg for motorigts 

T HF one thing that motorists and 
cyclists fear most is a flat tyre The 
latest in the making for a care free drive 
is a tyre made of solid rubber 
The speciality of the tyre is that it 
flexes when it hits a bump The flexibil¬ 
ity comes from the V-shaped spokes 
visible behind the conventional spokes 
([see belofw) that connect the rim to the 
hub The V-spokes are so designed that 
they bend in the middle and the rim 
moves off centre for an instant when the 
tyre has to absorb a shock The conven¬ 
tional spokes attached to a ring at the 
centre of the wheel keep the rim from 
bending 




Coming computen 

I S silicon chip for ever> The answer 
seems to be a firm no Soon it may 
have to contend with two rivals The 
first, gallium based, and the second 
chemical-based 

It was known since 1960 that in 
superlattices consisting of gallium- 
arsenide and aluminium gallium- 
arsenide, extra high electron mobility 
could be realised This is the basis of 
HCMT (high-electron mobility transis¬ 
tor), a new transistor It has a low 
sM^itching time (10 pico seconds) and 
consumes very little power (generating 
very little heat) Within five years the 
gallium based chip is expected to find 
extensive uses in supercomputers in 
struments and microwave amplifiers 
A chemical-based computer, on the 
other hand, would use organic mole 
cules or custom-designed proteins as 
components The prime advantage of 


these IS said to be their astouniUnf 
efficiency Recent advances in blotgchf* 
nology (immobilised enzvme technolb-^ 
gy genetic engineering technology, 
have in fact, opened up the doors 
these chemical based computers Wheb 3 
a chemist comes out with a poiymgri{| 
whose electrical properties are congenld ^ 
for computing, this molecule could bt ” 
reproduced in large quantities throu0i \ 
DMA technology and a bio-chip 
become a reality The possibilities with a : 
bio-chip are truly mind boggling 
biological systems it is hoped the ^ 
components in a bio-chip can be spaced • 
so densely that the density may even ‘ 
reach 10 million times that of todays , 
silicon chips The silicon chips are 
planar but biological chips may be more ^ 
like the brain and mav even posseie ' 
changing moods* If all this sounds more ' 
like science fiction, who had thought erf' 
the silicon chip when the first electronic 
computer was born'^ 


Sneezing in tiie ennli^t 


N ext time you step out from a 
shaded place into bright sunlight, 
watch out You could find yourself 
sneezing involuntanly About one third 
of all human beings sneeze in response 
to bright light Moreover, this reflex may 
even be hereditary according to a scien 
tist at^the Johns Hopkins Umversitv, 
USA 

The saenlist, Stephen Peroutka, who 
mvanably sneezes twice when walking 
mto bright sunhght from indoors, disco¬ 
vered that his four-week dzig^Uer also 
sneezed twice while going fpr a walk in 
Ihe Sun Further investigation shofwed 
am AmHitka’s Cither and brother (but 
^ Abo iznegiecd thb photic 


sneeze reflex The trait appears to be 
passed genetically with a 50 per ceid; 
chance of inheritance Out of the 25 
Johns Hopkins neurologists only one 
knew about this reflex- an involuntary 
action (but nine claimed to have experi¬ 
enced It) Earltei in 1964 an epidemiolo 
gical survey of the reflex was conducted „ 
by Henry C bverett, now a psychiatrist 
in Massachusetts Everett found that 
more men than women have the reflex 
and that it is fwt associated with hZy 
fever or other allergies 
No one knows why the trait occurs 
Peroutka suggests it might be a protec¬ 
tive response—to prevent staring at the 
Sun Everett, who also sneezes in the 
Sun, has a private theory Only the best 
people have the reflex’ 
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O N 3 March, 1984, an international 
campaign directed by prominent 
' 4K:ientists succeeded. The campaign was 
intended to release the famous mathe* 
"^'inatician Professor Jose Luis Massera, 

, ^who was unjustly imprisoned by the junta 
'f in Uruguay since 1975. Prof. Massera, 
known for his splendid work on differen- 
f tial equations and as the leader of the 
Communist Party of Uruguay, suffered a 
t great deal due to the horrible prison 
conditions, extreme climatic influences, 

4 his deteriorating health and torture. 
International Campaign—Massera, 

was supported by leading scientists, 
including 47 Nobel Laureates and prom- 
; inent scientific organisations like the 
Canadian Committee of Scientists and 
' Scholars, the American Mathematical 
> Society, etc. The widely distributed bul- 
. 4etin. international Campaign—Mas- 
■ sera, played a vital role. Prof. Massera 
was finally released on 3 March. 1984. 
i Now he is in good spirits and reasonably 
'? health, and has been given the 
7 qnoice to leave Uruguay and. if he 
wishes, to return to Uruguay. 

The campaign doesn’t just end here. It 
, has now launched a movement to rescue 
; two prominent scientists. Yuri Orlov and' 
Anatoly Shcharansky. who are prisoners 
of conscience in the USSR. ITiis cam- 
* pai^ IS directed by two mathemati¬ 
cians, Henri Cartan of Prance and Israel 
Halperin of Canada. In the words of Prof. 
Halperin, a distinguished mathemati¬ 
cian and ^cretary of the Canadian 
Committee of Scientists and Scholars, 
"Our underlying objective is to build 
public opinion and to strengthen public 
opmion, by pracbce. so that it becomes a 
vital force in protecting acceptable mor 
ality”. 

Yuri Orlov is a physicist and an 
internationally recognised expert in 
non-linear focusing electron accelerator 
technology. In 1973. Orlov wrote an 
open letter to President Brezhnev de¬ 
fending the great physicist and Nobel 
Laureate. Prof Sakharov. He became 
the founding member of the Soviet 
group of Amnesty International and was 
soon dismissed from his post in the 
University. But Orlov continued his 
> rebellion by protesting against the de- 
N portation of Alexander Solzhenitsyn. In 
\ ^ 1976. he organised the Group to Assist 
' the Implementation of the Helsinki 
^ Agreements in the USSR. He also pub- 
\ &hed an article abroad deducing that 
\ 8ie concentration of political and econo- 
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mtc power, in the hands of a centralised 
bureaucracy, inevitably leads to the loss 
of freedom for individuals. 

Orlov was arrested and tried for anti- 
Soviet agitation in 1977, but was denied 
the nght to call witnesses in his defence 
and not permitted to cross-examine 
those who were called to speak against 
him. When given an opportunity to 
speak, Orlov openly admitted that he 
was in favour of gradual democratic 
changes in the Soviet society and that 
his attitude towards the existing order, 
as It was to any other state, was one of 
critical analysis. Orlov was subjected to 
seven years of hard labour, to be fol¬ 
lowed by five years of exile. 

The other victim of Soviet injustice is 
the reputed computer scientist, Anatoly 
Shcharansky. He was employed at the 
All-Union Scientific Research Institute 
of Oil and Gas till 1975. Due to his 
repeated applications for permission to 
emigrate to Israel, he lost his post. But 
he then became the most active partici¬ 
pant in the Soviet human rights move¬ 
ment. With his mastery over English, he 
acted as a superb interpreter both for the 
Helsinki group, of which he was a 
member, and for Prof. Sakharov. The 
Soviet press printed tales of Shcharans- 
ky's contacts with foreign press corres¬ 
pondents. and labelled him as an Amer¬ 
ican spy. In 1978, he was convicted of 
anti-Soviet agitation and high treason, 
sentenced to 13 years of which three 
were to be in prison and 10 in hard 
labour camp. The trial of Shcharansky, 
from which observers were excluded, 
and the sinister implications of suppres¬ 
sion of all who criticised the olficial line, 
aroused deep concern in the West. 

Shcharansky has now suffered brutal 
prison conditions for seven years with 
his health deteriorating seriously but 
with indomitable spirit he continues to 
protest. When the authorities cut-off all 
his contacts with his mother he went on 
a hunger strike, but he was given forced 
feeding to avoid the scandal that his 
death would have mused. 

Prof. Sakharov, leader in the Human 
Rights Movement, stated: "...Shcharans¬ 
ky lived such an open life that it 
completely precluded any kind of secret 
activity. He spoke openly against the 
violation of the rights to emigrate and 
against other violations of human 
rights". 

There has been widespread gidhal 
protest against the beastly treatment of 




Orlov and Shcharansky. The Canadian 
Parliament passed a resolution express¬ 
ing its disappointment and criticising 
the attitude of the Soviet Union, and for 
rejecting the offer of the Canadian 
Government to give landed immigrant 
status to Shcharansky. Even the Resi¬ 
dent of France, Francois Mitterand, 
appealed in vain to two Presidents of the ^ 
USSR to release Shcharansky. During 
March and April of 1984, thousands of 
individuals and organisations communi¬ 
cated to the secretary of the Communist 
Party of the USSR that they supported 
the International Campaign—Orlov and 
Shcharansky. 

The Campaign deserves the support of 
intellectuals, individuals and organisa¬ 
tions all over the globe. It will be of great 
benefit if sympathisers in India of the 
International Campaign—Orlov and 
Shcharansky. write their protest or what 
they think of the treatment of Orlov and 
Shcharansky to the Ambassador of the 
USSR in New Delhi. 

Scientists and the human right move¬ 
ments all over the world are confident 
that they will be able to rescue Orlov and 
Shcharansky, because even a superpow¬ 
er like the USSR cannot stand up to a 
never-ending, escalating spotlight of 
shame. The campaign's support is im¬ 
pressive and constantly increasing. The 
International Campaign is supported by 
47 Nobel Laureates and several reputed 
scientists and individuals, and organisa¬ 
tions like^ the Canadiari Committee of 
Scientists* and Scholars, Committee on 
Human Rights of the National Academy 
of Sciences (USA), Comite des Physi- 
ciens Francais, Comite des Mathemati¬ 
cians (France), Society for Industrial 
and Applied Mathematics (USA). Com¬ 
mittee of Concerned Scientists (USA), 
New Zealand Mathematical Society, the 
Ontario Federation of Labour (Canada), 
etc. 

Those sympathetic to the Soviet gov¬ 
ernment will dub this Campaign as 
anti-Soviet or anti-communist. There is 
no need to fear such types of routine 
charges. The prisoner of conscience 
whom the campaign just helped to free, 
Prof. Massera, is a le^ing proponent of 
communism and is the member of the 
Communist hirty of Uruguay; and this 
was known to all the supporters of the 
Campaign. No takers! 

WMfM D’Cem 

Mr. DXiosta k Chainnm of the hagm 
Association of Coliepe GoMg Sefek^ 

i ^ 




T he art of interior decoration many a and dodeca({ons. The simple rule to be point and the pattern can be repeated (see 

time draws inspiration from the remembered is that the sum of angles P'iS-L Fig.2 and Ftg.3 abovt). 

geometry of tessellation. The knowledge of around any vertex must be equal to 360",’ If one is interested in a combination of 

this geometry leads to a vast treasure of that is, 2 straight angles Naturally fewer regular polygons then the following equa^ 

beautiful designs (see figures above) which than 3 and more than 12 sided polygons tion can be .solved empirically for integral 

can be drawn on tiles used to decorate floors. need not be considered as there should be at solutions* 


walls or ceilings; on rugs, linoleums or 
carpets and while cutting precious stones. 

An array of patterns fitted together to 
cover a whole plane is called a tessellation. 
The common patterns used repeatedly arc 
the regular polygons such as equilateral 
triangles, squares, hexagons and so on. 
Many designs, can be obtained even with 
other types of polygons such as octagons 


least 3 polygons around the vertex. 

Thus we have to select the nature and 
number of polygons such that the sum 
around any vertex vmII be 360". As the 
interior angle of a polygon is equal to 
of a straight angle, the number of 
polygons of the same sides can easily be 
worked out. Six triangie.s, four squares and 
three hexagons can be fitted around a given 


1/3 T + 1/2 S + 2/3 H + 3/40 + 5/60 = 2 
where T. S, H, 0 and D represent the 
number of triangles, squares, hexagons, 
octagons and dodecagons respectively. The 
coefficients, namely. */i, V 2 , ^'i, -Vi, and % 
are the interior angles of the above poly- 
gons in terms of a straight angle (180"), that 
is, 60", 90*', 120", 135". 150'' respectively. 
The right hand side is the de.sired sum, that 
IS, 2 straight angles (=360"). The polygons 
of 5. 7,9,10,11 sides arc not included as no 
integral solution is po.ssible with these 
polygons. 

Some solutions are tabulated alongside. 

B. A. Naik 

Mr. Naik is a lecturer m Applied Mechanics 
Department of Shn Bhaguhhai Mafatlal 
Polytechnic, Vile Parle (WK Bombay 400056, 
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Pmtofype robot Mad H/klnbot under teet 


android named Electro and a dog robot 
Sparko, made their appearance in 1939 
at the New York World's fair 
Robots resembling human beings or 
animals abound in legends and litera¬ 
ture The authenticity of these tales is 
to be established however. For exam¬ 
ple. St. Albertus Magnus the 13th 
century German philosopher was 
allegedly served by a robot butler. This 
metallic major domo was said to have 
been destroyed by Magnus’ celebrated 
pupil, St. Thomas Aquinas, who consi¬ 
dered it unholy. 


‘To t/ou a robot is a robot Gears and metal. Electricity and positrons. 
Mmd and iron. Human model! If necessary, human destroyed. But you 
don’t know them. They ’re a cleaner, better breed than we are." 

Dr. Susan Calvin,2057 A.D. in "I. ROBOT” 
. by Isaac Asimov (1950) 


RISE OF THE ROBOT 



S. A. Khan 


S CIENCE) Action is often dismis¬ 
sed by many serious-minded 
scientists as a mere idle flight 
of fancy There is, however, no 
denying that this branch of literature 
has spawned many concepts which at 
the time might have appeared pretty 
^ extravagant but later, when exploited 
and realised, have significantly contri¬ 
buted to the welfare of humankind. 

It IS thus not surprising that science 
Action has played a prominent part* in 
establishing the robotic image, from 
Mary Shelly's Frankenstein, the ulti¬ 
mate robot, and MCM’s “Demon Seed” 
in which Julie Christie is the victim of a 
runaway robot, to the Artoo Dee Too ot 
“Star Wars ” 

The term robot was first introduced 
by Karl Kapec in his play 'Rossum’s 
Universal Robots' in Czechoslovakia in 
1917; the word ‘robota’ in Czech signi- 
Aes a kind of slavery. The term has 
come to stay with us, though the 
^eaning has changed. After Kapec's 
play of 1921, “Metropolis”, a German 
Aim of 1926 depicted robots. A talking 


Inside view of the robot 



For modern times, the Robot Insti¬ 
tute of America defines a robot as “a 
reprogrammable multi-functional 
manipulator designed to move mate¬ 
rial, parts, tools or specialised devices, 
through variable programmed motions 
for the performance of a variety of 
tasks” This definition however is in¬ 
adequate as It covers only one of the 
three types of robots 

Types of Robots 

These three categories of robots are 
based on their principles of operation 
1 Remote Controlled Robots: 

'These robots are controlled by an 
operator using radio signals, or infra¬ 
red to ultrasonic beams Radio control 
IS possible over long distances, if a 
transmitter of appropriate power/range 
IS used Infra-red and ultrasonic con¬ 
trols do not work if anv physical 
barriers are present between the oper¬ 
ator and the robot While the radio- 
control and infra-red systems work 
instantaneously the ultrasonic method 
is slower, as it depends on the lower 
velocity of sound waves. 
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In all the three systems, the trans¬ 
mitter sends coded sifjnals to the re¬ 
ceiver located in the robot. These 
signals are decoded to activate controls 
for various functions of the robot: A 
large range of controls, can be incorpo¬ 
rated into the system providing an 
equal number of functions to be per¬ 
formed. 

The main drawback of such robots is 
that a human operator is required to 
control it, and that the robot has to be 
visible to the operator—either directly 
or through a video system. A major 
advantage is that decision-making lies 
in the brain of the operator, substan¬ 
tially reducing' the cost of electronics 
hardware and software required for 
such operations. 

2. Programmable Robots: 

Robots in this category have the 
sequence of their operations stored in a 
micro-computer. The instructions can 
be fed through magnetic tapes, discs 
etc., or stored in the memory. Alterna¬ 
tively the instructions can be given by 
“teaching" the robot. This involves 
taking the robot physically through the 
programme cycle and storing these 
parameters at the beginning and end of 
each such operation. The robot "re¬ 
members" this sequence of operations 
stored in its read-write memory and 
repeats them any number so desired. 
For such teaching program¬ 
mes, encoders are generally used 
(shaft encoders, linear movement en¬ 
coders, r'otenliometers etc) The.se C(in- 
verl the mechanical parameters into 
electronic equivalents before storing 

3. Sensor controlled Robots* 

'Fhe third category* of robots have 
electrnnu sensors interfaced with mic- 
roproces.Miis to control their operation. 
The .seriMirs "sense" the environment 
including obiecls on which operatii^ns 
have to be informed They pass on this 
informatKjfi to the microprocessr^r 
which controls the robot operation 
based on these inputs 

Examples of sensfos for these appli¬ 
cations aie tactile (touch), optical, 
proximity, force, visual, temperature 
sensors etc. Tactile sensors detect the 
presence of an object or ns profile by 

18 MfKNT E TODAY. JULY 1984 

I. 


actual contact, while proximity sensors 
xlo so from a distance. Optical sensors 
use light or infra-red beams, generally 
lasers, to assimilate information about 
the object. On the other hand, visual 
sensors use cameras and pattern recog¬ 
nition techniques for recognition of 
objects by their size, shape, colour, etc. 
Force sensors, are used to regulate the 
pressure applied by the robot manipu¬ 
lators on objects to be handled. The 
ability to “crush a nut but hold an egg' 
comes from this type of control. 

Sensors are used as input devices for 
microprocessors to provide informa¬ 
tion about external conditions and 
motors or other actuators are output 
devices which arc controlled by the 
microprocessor to act on information 
provided by the sensors. This decision¬ 
making lies in the soft-ware program¬ 
me of the microprocessor. 

An Indian experience 

Robotics IS a confluence of three 
disciplines; mechanical engineering, 
electronics and computer technology. 
In the case of remote-controlled robots 
the prime emphasis is on the first two 
and a successful mating of mechanical 
engineering with electronics is called 
for. The term “mechotronics” is now 
being used to define this compound 
technology. While mechanical en¬ 
gineering and electronics are quite 
advanced in their own ways in our 
country, mechotronics has not re¬ 
ceived much attention until quite re¬ 
cently 

Now this has changed, due to the 
relatively easy availability of low-priced 
contiol .systems based on microproces¬ 
sor devices All the same m robot 
development projects, two hurdles 
have to he overcome' Lack of special 
devices in the cc'iitry, together with 
the non-availability of technical litera¬ 
ture covering special items of in¬ 
terest. The .relatively undeveloped in¬ 
digenous component. 

Despite these constraints the first 
experimental robot was developed and 
demonstrated at the Hyderabad Scien¬ 
ce Society in July 1981. This was 
fabricated using a fairly large compo¬ 


nent of surplus market stocks. 

The motive power for the robot 
mainly came from electronic motors. 
Since the robots have to be mobile 
battery operation of the entire robot 
was necessary. This limited the choice 
of motors to low voltage uc types. 
Rechargeable, dry-electrolyte type of 
sealed batteries of indigenous manufac¬ 
ture were tried initially. These proved 
to be inefficient, hence lead-acid bat¬ 
teries of the type used in motor cycles 
were later incorporated. 

Based on the experience gained on 
the experimental robot, a final version 
was designed and built in January 
1982. This was displayed at the Imtex- 
82 in Bombay and the robot attracted 
large crowds of enthusiasts at this 
exhibition. 

An advanced version was built and 
demonstrated at the aiei Trade Pair ii\ 
Delhi in January 1983. This was de¬ 
signed and built jointly with the Wal- 
chandnagar lndustrie.s Limited, 
Machine Tool Division, Chinchwad. 

The specification or a vital profile of 
one of these robots given below and the 
accompanying photographs will convey 
an idea of their general features 

The robot is 1.5.S m. high and weighs 
approximately 60 kg. It moves on three 
sets of wheels. The arms have a length 
0.6m and can lift weights upto 2.5 kg. 
The arms can swing freely almost a 
full circle, so can the wrists rotate. The 
grips have a maximum opening of IIG 
mm with a maximum sensed force of 
2.5 kg. Five batteries of 6 volts each 
provide the power for five different 
motors of 0 06 H.P. each. Display of 
robots has created a general awareness 
that the robotic age has dawned in 
India. However,* a national thrust in 
this direction is yet to start, although, 
according to a senior official of the 
Department of Science & Technology, 
robots will be used in many locations in 
India by the year 1990. But apart from 
a handful of academic institutions, the 
industrial sector is the only one which 
seems to appreciate the importance of 
this technology, although the Depart¬ 
ment of Atomic Energy, Defence and 
Space Research Organisations could 



derive immediate benefits from it. Adv¬ 
anced robots will require sophisticated 
sensing systems and work in this direc¬ 
tion is now being carried out. 

One question that is frequently asked 
is whether robots are relevant to the 
Indian situation since there is an over 
'^undance of manpower. There are two 
important considerations in favour of 
this technology: 

1. Robots are of invaluable help where 
the precision required in production is 
not possible by using human labour. 
This includes the quality-quantity pro¬ 
duct factor. To be able to sell our 
products in an increasingly competitive 
international market, obsolete technol¬ 
ogy has to be discarded and replaced by 
an advanced one. 

2. In hazardous locations there is 
hardly any other option. Areas of 
radioactivity, chemical toxicity, high 
temperatures, explosive potential war¬ 


rant the use of robots. For instance, 
in most developed countries, welding 
and spray painting are also considered 
hazardous due to the high incidence of 
tuberculosis among human workers in 
these professions. 

Potential 

Robotics has become big busine.s.s 
abroad. By 1985, Japan will produce 
more than one billion dollars worth of 
robotic equipment annually. By 1990, 
the annual demand in the U. S. alone is 
e.stimated at three billion dollars. The 
international annual demand could 
well exceed five billion dollars by then. 
India could well try to obtain one per 
cent of the trade i.e. Rs. fifty crores of 
export annually. 

Conclusion 

Computers have been accepted in 
India for many areas of application. 
With the development of microproces¬ 


sor technology the next step is to 
develop robotics as a major R & i) effort. 
However, a change of attitudes at many 
levels IS necessary to implement such a 
programme. 

Henry Brooke Adams, had said in 
"The Degradation of Democratic Dog¬ 
ma” (1919), that "The future of 
thought and of history lies in the hands 
of physicists, and the future historian 
must seek his education in the world of 
mathematical physics. A new genera¬ 
tion must be brought up to think by 
new methods, and if our historical 
departments in the Universities cannot 
enter this next phase, the physicaf 
departments will have to assume this 
task alone.” This statement is truer 
today than when it was first made. 

Mr Khan is the Direvtur of the Sr lernre Sik wty 
and the Radioisotope Centre, ftyderabud He is 
actively invoiced m robotics 


ROBOTK REVOUmON 



H. K. Bhattachaiyya 

A VIRTUAL storm has been 
sweeping almost all walks of 
life in the developed countries. 
The originators of the storm— 
the robots—are coming in a big way. 

Robots are made in ail sorts of 
.shapes and sizes, although not typically 
of human shape Robots have been 
used primarily in manufacturing.' The 
automobile industry remains a major 
user ot robots not only for hazardous or 
arduous work like painting and welding 
but even for screening light bulbs into 
instrument panels. Robots led the pro¬ 
duction increase of 20 per cent in 
General Motors Corporation of U.S.A. 
The metal industries are heavy users of 
robots. But robots are used in other 
manufacturing industries as well. The 
impact of the robotic revolution may 
well come in the service industries 
^where employment is growing fast, 
I or in industries which involve profes¬ 
sional hazards to the workers. 

A Japanese firm had developed a 


robot to dispose of radioactive wastes 
at nucleai power plants. The computer 
controlled robot would soon be put to 
work, cleaning the reactor and replac¬ 
ing spent fuel rods. This hazardous job 


usually employs 30 workers for two 
working days. The robot will be able to 
perform the same task m a day 
The Weseda University of Tokyo has 
invented the world's first robot musi- 
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Compuier-coniroHed robotic manipulator Robot Carpenter 


cian, which is capable of playing the containers, a task so far executed only formance is not limited to a single type 

electronic organ with its five fingers as by people. The Alpha stands 30 cm high of work. They are designed to perform a 

skilfully as any gifted human can The and its jointed arm can lift only 0.675 virtually unlimited variety of tasks, 

robot, Wam-7 has 14 finger joints made kg. Spine Robotics of Ciothenburg, According to the Australian Finan- 
of carbon fibre which can strike JO keys Sweden, have demonstrated the Spine cial Review (October, 1981), West Ger- 

a second. By synchronising the move- Robot which is able to handle jobs from many had 5,850 robots; the U.S.A. 

ment of its arm and finger, the robot painting, to welding, to fastening. The 3,255 (including diecastmg robots and 

can strike both black and white keys. Spine Robot has a seventh axial move- pick and place mechanical devices): the 

The robot can also perform cross-finger ment which is not commonly found in U K. 185 (excluding pick and place 

piano techniques by moving its index indu.strial robots, it's design i.s similar machines); Poland 720 (including all 

finger or middle fingei over its thumb. to the vertebral structure of the human types), Belgium 20 (excluding the gen- 

Robols are also now u.sed in human .spinal column. eral purpose varieties); Sweden 570 

care for the handicapped A one-armed Today, Japan has more sophisticated (excluding pick and place, diecasting 
robot respond.s to commands to pre- robots than any other country in the and general purpose varieties); Norway 

pare meals .md perform other house- world The Japane.se claim of 47.000 200 (including all categories) and Fin- 

hold activilies foi elderly crippled peo- robots m 1979, may be an inflated land 130 (including all categories), 

pie. Speaking at the annual meeting of estimate—because the Japanese defini- The basic technology of robots is 

the U vS Vssoiiation for Ihe Advance- tion of a robot i.s .luch broader than now fairly well known. They arc simply 

ment of Science, Mr Larr\- Leifer of the American one. But even using the mechanical arms which can repeat 

Stanford University, e.stimated that the American definition, Japan probably simple operations guided by a compu- 

robot. when available for routine use has 14.000 robots This is more than ter. Many robot makers therefore now 

would cost no more than an auto- the combined total for rest of the reckon that the best prospect for 

mobile. Mountain \'iew. California, ha.N world, and approximately 10 times the growth lie elsewhere, to make robots 

introduced perhaps the smallest and per capita use in the US. Japanese tailored for their own use. Efforts are 

most dexterous “microrohot", Alpha, robots are generally sophisticated and being made to develop robots with both 

costing 1(1,9(10 dollars Alpha is capable are used in heavy industries. They can sight and ‘vision. Robots that can 

of stuffing leaflets into phaimaceutical perform precision work, but their per- Continued on pff. 25 
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I N 1952 the Central Province of 
Tanganyika (now Tanzania) was 
experiencing widespread famine. As 
a Government Medical Officer, I 
was assigned to the area to take care of 
starving patients. A very high mortality 
rate is considered an inevitable part of 
famine, but my personal intrigue with 
the phenomenon of famine was not 
with the numbers of people dying, but 
with why so many people lived. 

The Western concept of famine and 
famine relief, which was based solely 
on its ethnic concept of food, helped to 
explain the high survival rate For 
example, in Europe food means br^d, 
potatoes, meat, eggs. Hsh. etc. Shor¬ 
tages of these foods were the basis for 
designating a famine area; con.sequent- 
ly, when the maize crop failed, there 
was a ‘‘food shortage" which was cor¬ 
rected by importing maize to the 
affected area. 

Ethnic biases also prevent the Wes¬ 
terner from recognising indigenous 
food materials For example, there is a 

During a famine in Tangans>ika, weatem 
Y experts mistakenly thou^t the fruit of the 
J baobab (above) tree was the onA* heal food 
avalbdtie. Subsequent research identified 
40 "buah” foods 



Amaranth was once one of the most important food crops of the 
Americas. But under the repressive pro^mme hunched by 
coionising Spaniards to eradicate the Aztec culture and rituals, 
the plant was banned with a death penalty for those who 
cultivated it. It soon fell into disuse and obscurity. Four hundred 
years hter, scientists are rediscovering the myriad virtues of 
amaranth. Its protein contains nearly twice as much lysine as 
wheat, three times as much as com and it is veiy close to the 
lysine content of milk, the standard of nutritional excellence. 

Amaranth is but one of the hundreds of plants that have 
received a "raw deal" either because of ill-informed colonial 
proselyting, phin ignorance or even deliberate neglect of 
traditional practices. To concentrate on a mere handful of 
varieties to feed a hungry world is both unwise and dangerous. 
Plants like amaranth,, winged bean, black walnut, the buffalo 
gourd are among the 54 potential new crops identifled by the 
National Science Foundation for even a developed country like 
the United States. Indeed, amaranth is among the 36 “most 
underexploited tropical plants" 
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Sponsors of research still refused to 
recognise that indigenous foods could have a 
potential use in modern society 


failure to accept insiects as food (while 
we continue to treat crabs and lobsters 
as delicacies); wild greens are looked 
on as the food of cianks, while many 
roots, seeds, berries and nuts are 
ignored as food resources. Tanganyika 
was no exception, and the Ministry of 
Agriculture, with its Western biases, 
reported that the only food available in 
the famine area was Baobab fruit. 
Subsequent research identified 40 
"bush" foods with an additional ten 
roots eaten in times of famine only. 

Ten years later I had concluded that 
the application of Western methods of 
agriculture to East Africa was not 
always suitable or efficient. To relieve 
food shortages in the Southern Pro¬ 
vince, improved animal husbandry and 
agricultural methods had been attemp¬ 
ted, but efforts were thwarted by very 
effective local resistance including the 
hamstringing of breeding stock. We 
looked closer at the tiaditional farming 
methods to see if this could explain the 
antipathy. 

The Ngoni shambd (garden or field) 
is characterised as a “shambles" by 
Western Agriculturalists, in whose eyes 
the food was grown in a chaotic (and 
therefore inefficient) way. The system 
nevertheless seems to have many 
advantages. For example, when the 
maize and beans were planted together, 
the stalk provided a useful climbing 
medium for the bean while the bean 
fixed nitrogen in the .soil which helped 
the maize to giow. These two plants 
provided shade in which tomatoes and 
“non foods” such as amaranth could 
grow. 

The Westerner's method was to plant 
maize in neat rows in one field (prefer¬ 
ably with fertilizer). The bean was 
grown elsewhere, hut as some varieties 
were climbing plants, poles had to be 
provided. Tomatoes and exotic veget¬ 
ables such a.s lettuce had to be watered 
and shaded While the Western 
methods were believed, but not proven, 
to be more productive, there seemed a 
need to examine the potential of local 
food plants and native horticulture. 

Over the next 20 years, although 
constantly frustrated by lai.k of money. 


and open hostility from conventional 
agriculturists and government depart¬ 
ments, the programme has shown that 
these indigenous foods can contribute 
to food supplies, but clearly much 
more needs to be done if world-wide 
hunger is to be avoided. 

In our Indigenous Pood Program, a 
search of the scientific literature was 
started for information on food plants 
which have been used by man in the 
past. This is far from easy, as we were 
interested in populations living before 
10,000 B.C. Around this time, the 
agricultural evolution started and early 
man learned to domesticate the grasses 
which are now known as cereal grains. 
This specialisation in agriculture 
meant that there was insufficient time 
for gathering the wild plants that had 
been part of the diet previously; conse¬ 
quently, many fell into disuse. The 
archaeological literature provided- de¬ 
scriptions of food remains found in 
caves and around camp sites, and it is 
apparent that hundreds of plants were 
exploited and that some had consider¬ 
able importance in the diet. Supportive 
evidence of this comes from studies of 
aborigines in Australia, the Kalahari 
desert, the Phillipines, India and South 
America who still follow the Stone Age 
mode of life. These studies have con¬ 
firmed the complexity of the diet and 
the importance of plant foods, and they 
also helped to identify certain foods 
which have had, and continue to have, 
great nutritional importance. For ex¬ 
ample, the flesh and kernel of the 
Mongongo nut provides about half of 
the total energy requirement of the 
Kalahari San Bushmen. 

Once the different and varied food 
resources have been described, it is 
then necessary to ascertain their nutri¬ 
tive value which .nplies knowing how 
the foods were prepared and cooked. 
Over the years a mass of information 
has accumulated and can be found in 
published literature and unpublished 
reports in libraries around the world. 
When the information on the nutri¬ 
tional content of foods is needed, 
however, miqor difficulties become evi¬ 
dent. The Western World has generated 


food composition tables, but mostly 
they provide information on the foods 
of the industrialised nations. Data on 
indigenous foods is sparse and gives 
little information on the nutritive value 
of foods as consumed. Even when 
information is available, some foods 
have been ignored because of problem^ 
observed in the nutritional content of 
raw foods. For example, acorns which 
were an important food item in the diet 
of early man in the Midwest of America 
are considered inedible ^because they 
contain tannins which are bitter. It is 
overlooked, however, that early man 
found successful ways of eliminating 
the bitter components. 

The use of the wild Camas bulbs as a 
starchy staple by American Flathead 
Indians provides a classic example of 
missed opportunities due to ethnocen- 
tricity. The Camas bulb was scorned 
because the carbohydrate in the raw 
plant consisted of inulin, an indigesti¬ 
ble substance. When we analysed 
Camas bulbs as cooked by the Flathead 
Indians, the carbohydrate was found to 
be fructose, a highly assimilable car¬ 
bohydrate. It is interesting to note that 
Western scientists can bring about the 
conversion of inulin to fructose by the 
process of acid hydrolysis. It had never 
occurred to nutritionists that this pro¬ 
cess had been discovered centuries 
previously. The Flathead Indians had 
learned to replicate the acid hydrolysis 
by the simple process of cooking the 
bulbs on hot stones covered by leaves 
and moist earth. The indigenous prepa¬ 
ration is a classic example of how 
neglected or ignored foods might be 
exploited. 

During our early work, it became 
obvious that we needed to collate data 
obtained by scientists in anthropology, 
history, agriculture, chemistry and 
biochemistry. This synthesising type of 
thinking was diametrically opposite to 
the intellectual processes prevalent at 
that time when it was believed that 
proper understanding was to be 
reached only through more and more 
detailed analysis of facts. The estab¬ 
lished devotion to specialisation was a 
subsequent major stumbling block to 
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The Amazing Amaranth 


A MARANTHUS includes about 60 species of annual herbs distributed in 
the tropics, of which 25 occur in our countr>'. A few such as A. 
gangeticus (chaulai sag) are cultivated as pot-herbs. Two other popular 
species. A. caudatus and A. paniculatus, are grown as grain crops. The 
grains are popularly known as Rasgira, T^mdulja or Ramdana. Almost 
every species of this genus is eaten by cattle as well as humans. In many 
places in India this is the only vegetable that our rural folk and tribals 
consume. Some of these valuable plants are regarded as weeds. A. 
spinosus or Kantemath for example. Boiled with pulses it makes an 
excellent health food for undernourished children and nursing mothers. 
The plant known as chaulai (A. paniculatus) is a valuable crop in the hilly 
tracts of Southern Asia—popular in India. Sri Lanka, Burma, Western 
China, Thailand and Philippines. In our country the plant is raised as a 
rabi crop and is harvested during February-March. The tender shoots and 
leaves are used as vegetable. The seeds furnish anardana, a food grain 
used by the poor. Actually the rich do' not know what they are missing 
out on: “Amaranth is indeed a nutritional treasure," says Noel D. 
Vietmeyer, in the Britannica Yearbook of Science and the Future (1983). 
At a rating of 75 it comes closer than any grain to the perfect balance ci 
essential amino acids, which theoretically would score 1(K) on the 
nutritionists' scale of protein quality. By contrast corn scores about 44, 
wheat 60, soybean 68, and cow's milk 72. When Amaranth flour is mixed 
with wheat flour, the combination almost reaches the perfect 100 score 
because the amino acids tha*^ each lacks are abundant in the other. 

Not only the seeds are nutritious. Amaranth leaves also are ricli in 
protein, as well as in vitamins and minerals. They have a mild flavor and 
can be cooked much like spinach into such dishes as amaranth au gratin 
and amaranth quiche. In addition, tender new leaves may be used as salad 
greens. 

Despite the growing wealth of evidence for ^imaranth's excellence 
much research needs to be done before the crop can be widely grown 
commercially. Amaranth is still essentially a protein-packed semi- 
domesticated plant, but agronomists are now “taming" it by breeding 
plants of uniform height with sturdy wind-resistant stalks and high- 
yielding seedheads that hold onto their seed until they are harvested. The 
responses of these plants to a variety of climates, soil conditions, pests, 
and diseases are also under investigation. 

Sudhir Ghatnekar 


our work when we sought financial 
support. 

Despite the rejection of our ideas, we 
persevered and ^gan to recognise that 
seemingly unimportant dietary compo¬ 
nents made from indigenous plant 
foods were nutritionally significant. In 

i^ew Guinea, the Sago palm leaf is 
burned to produce an ash which is then 
used as a condiment. In the laboratory it 
was found that the ash contained 
sodium, potassium, calcium, magne¬ 
sium, iron and phosphates. One of the 
more intriguing features of the ash was 
the discovery that it was highly alka¬ 
line. As the diet of the local inhabitants 
tended towards acidity, the body would 
normally have to produce ammonia to 
neutralise the acid. The ammonia and 
its nitrogen would then be lost in the 
urine. By ingesting the Sago ash, the 
body did not have to produce ammonia, 
thereby saving protein and helping to 
explain why Papuans can exist on very 
low protein intakes. 

Although a formidable amount of 
convincing data relating to the availa¬ 
bility, composition and use of indige¬ 
nous foods was generated, the sponsors 
of research still refused to recognise 
that indigenous foods could have a 
potential use in modern society. The 
development of amaranth as a food 
crop illustrates the difficulties and 
frustrations which had to be faced. 

During our preliminary search of the 
scientific literature, we decided that 
out of hundreds of plant foods, ten 
were worthy of immediate study. All of 
the plants selected were classified as 
weeds: the plant most favoured for 
potential was amaranth (pigweed). The 
association of these plants with the 
word “weed" was unfortunate and the 
cause of much resistance. Weeds imply 
nuisance and, because they are so 
botanically successful, they are often a 
threat to conventional food crops and 
hence disliked by conventional agricul¬ 
turalists. With respect to amaranth, 
anotfier unsuspected historical deter¬ 
rent was found. 

^ During the era of the Aztecs, amar 
anth was such a successful food crop, it 
was figuratively and literally idolised. 


Fagan worship of the plant was abhor¬ 
rent to the .Spanish Conquistadors who 
colonised Central America, and the 
growing and consumption of amaranth 
was forbidden under punishment by 
death. Eventually, Cortez brought ab¬ 
out the effective elimination of amar¬ 
anth as a major food crop in Mexico. 
Over 400 years later when our team 
was Iwiking for samples of .seeds in 
Mexico, there was still reluctance on 
the part of some local inhabitants to 
admit they were involved in producing 
amaranth. 

In the meantime, our research had 
shown that amaranth was a unique 
plant in several respects. Its ability to 
adapt to a variety of soils, light intensi¬ 
ty, rainfall and altitude meant that it 
was found in many countries with 


differing botanical names. Some 
varieties yielded massive amounts of 
grain; others appeared to specialise in 
producing leaves. The help of botanists 
and ethnobotanists was sought to de¬ 
fine the taxonomy of the plant. We 
increa.singly recognised the potential of 
amaranth as a food crop in developing 
countries, as we had evidence of its 
contemporary cultivation in South 
America, Africa, Europe, India, South 
East Asia and the Far East. The global 
availability of amaranth suggested to us 
that It had been a significant food crop 
in the past; therefore, we argued it 
could make a contribution to global 
food supplies once more. This argu¬ 
ment was also not acceptable to con¬ 
temporary policy makers. 

Despite this, we continued to fill in 
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the gaps in our nutritional knowledge 
of the plant and to ascertain which 
varieties had the greatest horticultural 
or agricultural potential. While the 
protein, fat and carbohydrate content 
of the plant were known from previous 
proximate analyses of the gram, we 
needed to know more about the value 
of the protein by analy.sing the ammo 
acids m the gram. Animal feeding 
experiments were also proposed to 
confirm the ability of the gram to 
maintain health and support 
human growth. It was possible 
that some varieties would have nutri¬ 
tional advantages while others would 
have agricultural advantages. With 
such a potential gold mine available for 
exploitation, it was not envisaged that 
overt resistance to the appeals for 
financial support for the amaranth 
project would be encountered. 

This, unfortunately, proved to be the 
case; and as time passed and as a 
succession of government agencies di.s- 
couraged our work and plans, addition¬ 
al attempts were made to interest 
Foundations in our project with an 



Fruits of Parkia speciosa (above) are valued 
as food in Thailand-, Below right: Pygmies 
have survived for centuries on Indigenous 
food sources; Below left: Papua New Gui¬ 
neans processing sago 

equal lack of success. In desperation, 
Mr. Robert Rodale of Rodale Press was 
approached. He had the vision to see 
the potential value of amaranth and 
within a matter of weeks, a project for 
the World-Wide collection of seed grains 
and for the testing of the nutritional 


value and horticultural and agricultu¬ 
ral potential of amaranth was started. 

The success of this project is unques¬ 
tioned. and the future for amaranth as 
a food crop looks good; but it should be 
remembered that the other nine food 
plants remain untested, and these rep- 
re.sent only a small proportion of foods 
already available to feed man. There 
surely sufficient information to justify 
large-scale research on the potential of 
indigenous food plants. Perhaps the 
problem lies not so much in the 
simplicity of the concept of using 
indigenous plants and agricultural 
methods, but the complexity of the 
scientific world which seems deter¬ 
mined to deter progress. The amaranth 
project involved dozens of scientists 
from different disciplines, yet their 
efforts were meaningless until a human 
catalyst appeared. The need for more 
catalysts is as patently obvious as the 
great potential of indigenous foods for 
global food resources. □ 

I 

John Robson is i'rofessor of Medicine and 
Nutrition. Medical Univer\itit of South Carolina. 
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EstimMted (1985) Industrial expenditun on Robots In the U.S. (million dollm) 
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understand simple spoken commands 
are also being developed. It is now 
possible to create a robot with multiple 
arms. Even roboticists cannot foresee 
all the possible future applications of 
robots. 

The British Robotic Systems has 


standards, higher real wages and em¬ 
ployment growth. The robotics revolu¬ 
tion is merely a continuation of a 
century old trend that has resulted in 
enormous material progress. The 
robots can produce qualitative as well 
as quantitative improvements in goods 
and services. Robots, in dangerous and 
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developed a "second generation" robot, 
Autoview, whose movements depend 
on what it can "see" through its 
electronic eyes. Conferring vision on a 
robot IS believed to be a step towards 
replacing the human eye for industrial 
tasks. The robot's visual system which 
works in black and white can disting¬ 
uish 256 shades of grey and it eomes 
close to achieving three dimensions in 
analysing light intensities. The vision 
control equipment identifies different 
metal castings by their shape, then 
orients them to within half a degree 
and loads them into a machine tool in 
30 seconds as compared to 90 minutes 
fur an experimental American system. 
Autoview IS used for the inspection of 
products including car parts, pharmaceu¬ 
ticals, and even cakes. It blindly 
performs a series of repetitive tasks like 
painting, spraying and spot welding. 

History shows that labour saving 
techniques have led to improved living 


hazardous work situations will improve 
the working conditions and job safety 
in certain occupations. New forms of 
employment can be created to offset 
any Job lost directly due to the usage of 
robots. However, Nobel laureate, Was¬ 
sily Leontief, Director, Institute for 
Economic Analysis, University of New 
York, foresees mass joblessness, “The 
computer and the robot are already 
beginning to replace the simpler men¬ 
tal functions of the blue and white 
collar worker". However, views and 
opinions diverge widely. 

In less than 10 years, unmanned 
automatic factories have become prac¬ 
tical propositions. The owners of fac¬ 
tories and plants are under irresistible 
temptation to replace their skilled 
labour by robots. These machines have 
certain advantages over men and 
women. They never go on strike, never 
get fatigued, neither do they become ill 
nor do they require sick leave or 


maternity leave. Above all, they do not I 
demand wage increase or bonus even if I 
the company is running at a loss. The * 
new technologies can provide a com¬ 
pany with a massive cut in production 
costs and at the same time give a , 
binding promise of superior and never , 
faltering quality. 

The automatic factory would be 
based on a computer controlled system 
feeding customers' orders directly to | 
start the manu^turing process. Raw 
materials and parts would be ordered 
automatically from the stores and deli- i 
vered 1^ driverless trucks. Robots . 
would pick up the goods, feed them to I 
conveyors, initiate the operating pro- ,j 
cess, transfer the goods from one place i 
to another, service the computer ' 
machine tools, inspect and monitor the 
quality of the products and finally | 
package and dispatch them—all with 
unwavering precision. 

The robptic revolution will depend 
upon three important dimensions. 
First of all, the magnitude of growth of 
the robotics industry. Secondly, the 
impact of robots on unemployment and 
thirdly, the impact of robots on wages, 
profits and prices. An increase in the 
use of robots will depend primarily on 
supply and demand. On the demand < 
side, robots will be needed in qualita¬ 
tive and quantitative jobs requiring, 
high precision and also those jobs 
which are dangerous for human opera¬ 
tions. On the supply side, the cost per 
unit robot produced output will be 
lower ihan for traditional techniques of 
production. In the long run, however, 
robots will be increasingly used be¬ 
cause of their cost competitiveness. 
Robots will probably replace workers 
who are engaged in monotonous tasks. 
The initial impact of robot installation 
will be reduced employment and 
under-employment. But jobs will be 
created by the widespread use of 
robots. These will include increased 
opportunities for programmers, en¬ 
gineers and technicians, thus providing 
greater employment albeit in a new 
sphere. 

Mr Bhattacharyya is a fhelance science writer 
from New Delhi. 
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T he last patient had just left that 
evenini^. I was about to leave my rooms 
when the telephone rang. 

Jam Santays father speaking The tone was 
. aggressive 

' Yes. And how is Sanjay'" I asked an 
xiously 

; Saij/ay is dead, was the reply, and before I 
'could offer any word of .svmpalfiy he 
. shotted, and vou doctors helped to kill him 
The line was cut off 
Two weeks later he came to sec me. still 
.grief stricken but the angei was gone. 

< / still don 't understand what happened, and 
/ need to know, he said We went ove«^ the 
‘ whole sturv 

• Sanjay. his only son. was a cheerful 
'.five-year old boy who while playing at 
<, school one morning had fallen and grazed 
, his right leg badly Dirt and grit had got 
' Into tlie wound but it had bled only briefly 
• Sanjay had tied a handkerchief around his 
M and without making any tu.ss had gone 
back ti> his cla^s alter break That evening 
i his mother washed the wound with soap 
<ind wah'i hi.t could not remove all the dnt 
Sext M.on ling, sfie took .Saniay to the 
gociiii who applied .some anhsepto ioialK 
but told ^ ii\)ttv'>s mothei that he advi.sed a 
iniiction to prmni an\ chante oi 
>,lt:tanu.s .sanjay hated injections, but tie 
)We‘i1t afUMcl and took it 
^ ; ITii* whpiejncident was almost forgotten 
j four days Sanjay notueci sr)mc 
ait* m opening his mr)utr* (.atei that 
il »'ot worse he could noi chew his 
pioperlv and his speech heeami indi- 
• bncl Ihs mother became alarmed wfien 
5 ht'i luivhbnui told her that Saniav had 
';|^kja\c, tlie tost sign (»t tetanus .She took 
ai^iin to the doctor insistirig this time 
a second opinion 

That was when 1 tirst saw Saniay Hv now 
f||ie wiis ob>'iousIv stiff when he wdked and 
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lound It difficult to sit up from the lying 
down position The presence ot lockiasv and 
other signs all suggested the diagnosi.s of 
tetanus f admitted tiini into a ho.spital as 
the disease appear eu to he progre.s.sing fast 
Bv the following morning, all hi.s muscles 
weic in a slate of ciMitraction and violent 
tetanic spasms had begun to lack his body 
He could not .swallow or cough, and worse 
still he could nut breathe whenever a 
spasm occurred. A tube was put into his 
wind pipe to overcc*me this problem and 
powerful drug.s administeied in an effort to 
control Uic spasm.s. But it was all to no 



Cutting the umbilical cord 
with a dirty instrument, can 
clip a pr«<mi.sing life in the 
bud-throuj^h tetanus 


avail. The heightened excitability of his 
neive cells brought about by tetanus toxin 
made them exquisitely .sensitive to any 
stimulus. The spasms increa.sed in frequen< 
cy and severity and he died 72 hours after 
the appearance of first symptom 

Sanjay's fattier gazed steadily at me 
.seeking .some explanation and blurted.'7?ift 
why Sanjay^" 

Tetanus germs you must understand are 
found worldwide They exist in the soil, in 
dirt and dust as spores, and are found 
particularly in areas heavily poHuted with 
animal excreta This mean.> that all of us 
will harbour tetanus spores on our persons 
from time to time 
Hut all of us don't get tetanus. 

That.s true Spores art* harmless unless 
they get into the body through a break in 
the skin Even then they need rather precise 
conditions lor then further growth into 
bacteria. It i.s the bacterium you see. that 
secretes I he lethal toxin The precise condi¬ 
tions I mentioned, refer to an atmosphere 
free ol oxygen. 

Hut / thought all living things required 
tK\ygen to grow 

No. not tetanus spores In tact, it is 
important to know about the nature of 
iniunes likely to lead to tetanus. These are 
puncture wounds, with siy a wooden splin¬ 
ter. a glass piece, or a rusty nail, which 
form a special hazard for people who 
habitually walk barefoot in the open. Burns 
and open fractures are also dangerous, 
.since here the skin barrier is broken, and 
dead tissue is present in which anv inocu¬ 
lated tetanus spores may grow and produce 
toxin. Sutprisingly. however, most injuries 
that cause tetanus are trivial in nature, 
father like the one sustained by Sanjay 
What s/fOLi/d be done to make such injuries 
safe, then? 

Thorough cleaning helps to remove teta- 



nus spores and allows vital oxygen into the 
wound, thus rendering any remaining 
spores harmless. But here two things are 
crucial. If wound-cleaning is delayed by 
more than eight hours or is performed 
inadequately, then tetanus spores have time 
to germinate into bacteria and produce 
toxin. Remember, Sanjay’s wound was diffi- 
dllt to clean completely. 

Yes, / know. But our doctor gave a special 
injection to prevent tetanus. Why didn't it 
work for heaven's sake? It must have been 
the wrong injection! 

Not exactly Look, tetanus is preventable 
by immunisation and it has been so tor the 
past 50 years. Since it is the toxin that kills, 
the vaccine used contains tetanus toxoid. 
This IS a chemically modified form ot toxin 
which IS harmless to the body but which is 
still immunogenic, that is. it stimulates the 
body's immune system to produce anti¬ 
bodies against the toxin Antibodies provide 
immunity if present in a high enough 
concentration. 

Since tetanus may occur at any time ot 
life, the standard practice is to immunise 
infants with three doses of triple vaccine 
Triple vaccine, incorporates diphtheria, 
pertussis (whooping cough) and tetanus 
vaccines into one injection. The antibody 
produced by three such iniections protects 
the child against tetanus for five vears. 
However, to make sure that protection is 
maintained, a booster dose ol tetanus toxoid 
IS usually given at school entry and thereaf¬ 
ter at five yearly intervals Did Sanjay get 
hi.s tetanus shoLs as a baby^ 

Now that you mention it, he did not. We 
took him to the doctor alright, but he had a 
skin rash at the time, so we were advised to 
postpone immunisation. After that, some- 
how we forgot all about it. 

Thai means that when your doctor gave 
Sanjay the special tetanus toxoid booster 
injection, he had in fact no antibody in his 
.system to boost. For this rea.son it was 
ineffective. Your mistake wa.s that you had 
not had Sanjay immunised against tetanus, 
and the doctor's mistake was thal he did not 
check this fact. 

What could he have done had he known the 
real siludtinn^ 

He should have given an injection con¬ 
taining preformed antibodies. Such anti¬ 
bodies are prepared by immunising horses 
with tetanus toxoid and then extracting the 
tetanus antibodies trom their serum. Such 
^'preformed antibodies, however, are only 
' effective for two to three weeks and because 
they come from animals, there is always a 
chance of allergic reactions to any foreign 


Even minor injuries, if not 
cleaned immediately, can 
act as entry ports for 



protein contained in the injected serum In 
recent years, human tetanus antibody 
which is safer has become commercially 
available, but it is expensive. 

/ don't see why this passive immunisation 
cannot be given to everyone after an injury. 

Repeated injections of passive antibody 
make it less effective and the person may 
become more allergic. Furthermore, there 
IS no certainty that people will seek the 
injection when it is really needed. That is 
why active immunisation with tetanus tox¬ 
oid. where you form your own long-lasting 
antibodies, is far superior. 

So Sanjay's life could have been saved if 
only wc had known these simple facts. 

Yes, 1 think so. 

Is tetanus infectious^ Are any of my other 
family memhet^ at risk because of Sanjav's 
illness’ 

No Tetanus is Out infectious, in the 
common sense of the term By that, 1 mean 
you cannot develop the disease, sav. by 
visiting a tetanus patient in hospital. But. at 
the .same tunc that same tdanus patient 
cannot have his wounds dre.ssed in the 
hospital opeidting theatre, since his tetanus 
spores might contaminate the operative site 
of the next patient brought into theatre 
But YOU must get your family immunised 
after this terrible tragedv 
Yes, of course But. doctoi. what about 
newborn babies who die ot tetanus’ There fs 
no wound in those cases, surety’ 

That's true, and in fact this is the most 
tiagic form ot the disease It occurs in the 
newborns because the umbilical cord con¬ 
necting the mother to her baby is lut with 
an instrument harbouring tetanus spores. 
Rust or dirt on knives, blades or sickles or 
even a piece of .sharp glass, all of which are 
often used to cut the cord, may contain 
tetanus spores which then enter the baby. 
Sometimes, cowdung or slate powder con¬ 


taining tetanus spores is applied to the 
baby’s navel when the cord shrivels and is 
about to fail off. This also may lead to 
tetanus. In India 100,000 babies die of 
tetanus every year. Simple precautions 
could literally save thousands of lives. 

How terrible. I never realised that the 
problem was so big. Are there any other 
ways that one can get tetanus? 

Yes. Children commonly develop ear 
infections which lead to a discharge from 
the ear. Adults are prone to blockage of the 
ear drums with wax. In both situations, 
there is a temptation to introduce a wire 
piece, match stick, or similar agent into the 
ear. Such agents can carry tetanus spores. 
Then again women get tetanus if spores 
enter the genital tract at the time of child ' 
birth or during any gynaecological opera¬ 
tion. Unsterile instruments are responsible 
for this which is why criminal abortions and 
procedures done by quacks are likely to end 
m disaster. 

What’s the answer to this whole problem? 

Immunisation and more immunisation! 
In all countries where the population is 
actively immunised against tetanus from 
hirth and receives appropriate booster doses 
throughout life, the incidence of tetanus 
has reduced dramatically. In our country 
we have the vaccine, but alas, not the 
cooperation of uur people for the necessary 
immunisation schedule which requires 
three doses at spaced intervals to give 
protection. 

Things would be so much easier if we had 
a tetanus vaccine which could give protec¬ 
tion with a single dose, even if this was for a 
limited period, say five years. In fact, 
progress towards this end is being made in 
India at the moment If .successful, we may 
in future have a situation .similar to that 
which existed for smallpox a decade ago. 
where vaccination successtiillv eradicated 
the disease. With tetanus, a single dose 
vaccine given to all piegnant women could 
help eliminate the scandalous Joss of life 
presently due to newborn tetanus. 

Meanwhile, it is the responsibility ol we 
educated Indians, to see that our children 
complete the immunisation schedules 
against all diseases included in the Covern- 
mcnl's expanded programme of immunisa¬ 
tion which includes protection against who¬ 
oping cough, diphtheria, tetanus, 
poliomyelitis, measles, and tuberculosis. 

Faram D Dastur 

Dr Dwitar ts f*rofes.\or of.Medicine at the Seth C 
S .^tedical Cnllege and K E M Hospital. Pare!, 
Bombay 
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The art and cubure of the 


megalithk man 

S. B. Deo 


This comparatively less known 
culture has a distinct place in 
Indian protohistory 



This iemcotU iid 
with a nm motif 
on top is a 
megaiiihic nHc 
recovered from a 
site in Mahurjhari 
in Maharashtra 


T hey are found in a variety of 
forms—a single stone staring at 
the sky or a series of them, a 
circle of stones or a bunch uf 
capped stones, or caves cut in rocks. To 
ttie unwary, these may not mean much 
hut to the archaeologist, they tell a 
distinct stor>' of an ancient culture, the 
megalithic men who marked the' bu¬ 
rials of their dead with large stones. 
And buried beneath these stones may 
be an archaeological treasure, dating 
back to as early as the 10th century HC. 
and containing, beside.s the skeleton 
maybe, a bewildering range of pottery 
and metal tools and artifacts which the 
megalithic men interred with their 
dead. Such .sites have been found 
throughout India, more so in South 
India, in the last century and a half. 

It was in 182S that J. Bahington first 
wrote of such distinctive burials that he 
found in the Malabar region (in the' 
present Kerala state) Local tradition 
assigned these to the Pandavas ot the 
Mababbarata and called them Panduk- 
kulis; in other regions, other legends 
abound. Though thousands of such 
mrinuments found and a score of them 
excavated and studied since then have 
provided enormous information, there 
are still large gaps in our knowledge 
about the megalithic culture. And de¬ 
spite Its distinct place in archaeology, 
the megalithic culture is less known 
than other periods in Indian protohi.s- 
tory. 

But a few new facts have emerged 
from these recent studies. The origin of ^ 
the megalithic culture, earlier placed 
around 2nd to 3rd century BC. has now 
been pushed (based on carbon-14 dat- 


ing) to as for tiack as 10th century HC; 
in peninsular India, the culture seemed 
to have survived to the first couple of 
centuries of the Christian era. Some of 
the megalithic sites in this region had 
yielded coins of the Roman emperors 
Tiberius and Augustus and a Roman 
^lulter of iron belonging to this period. 
Indeed megalithism in some form is 
.still in vogue among the tribes in the 
Nilgiris (in Tamil Nadu), Bastar (in 
Madhya Pradesh), in Orissa and Naga¬ 
land. 

Earlier it was also thought that the 
megalithic people were nomadic and 
not much of artistry or technological 
excellence could be expected of them. 
But the range of objects found at the 
burials testify to the technology and 
the art and culture of these people. It is 
now beyond any doubt that these 
people were master craftsmen. 

But first, what is a megalith^ The 
word itself is derived from megathos 
meaning large and lithoi meaning 
stone. In a facile definition, megalith 
would thus mean a large or a big stone. 
Not all big stones, however, are mega¬ 
liths in the archaeological sense; nor 
are all megaliths necessarily big stones. 
A megalith is essentially a funerary 
monument and it differs from region to 
region. 

The forms indeed show quite a 
range—for instance, a cairn (stone 
circle), a menhir (a single stone) or 
alignments (a series of stones), a dol¬ 
men. a cist, a dolmenoid cist, a rock- 
cut cave, a chambered tomb or a 
topical (some of these arc shown>on 
this page). All these, are basically con¬ 
nected with human burial, though 

MegallMe burlah an found m varioua 
forma—for exampla, (If a adm cirek ora 
drck of atones, (2) a menhir or a mono- 
itthic pillar, ranging from a metre to 5 
metns In heligit, planted vertically Into the 
ground mon aa a memorial, (3) an align¬ 
ment, or a aerka of menhirs placed In 
rows, (4) a rock-cut cave, (S) a Mmenold 
cbt, a nctangukr or boK-tthg arrangement 
of atones capped with a atone or atones, 
m (6) a dolmemdd clat after excavation. 
’ (Fhotographa 2 to 6 are from The Nega- 
Hthlc Ctthure In South India hy B. K. 
Curut^ Kae) 
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only partially in bevcral cabcb. Some 
times, some of the monuments, tor 
instance, the menhir, are more of 



knives, frying pans and nail-parers. 
and offensive weapons like swords, 
daggers, tridents and lances. Among 


memorials than markers of actual bu 
rials. The type of megalith tound in the 
Vidarbha region ol Maharashtra is the 
cairn circle, which means large boul¬ 
ders placed in a circle Within this 
circle were placed the remains of the 
dead along with a host of artifacts of 
iron, copper, bronze, gold and elec- 
trum Ian alloy of silver and gold used 
by the ancients). Sometimes, a horse, 
probably .sacrificed with the dead, was 
also buried with all its trappings and 
ornaments 

The buried objects too range widely. 
They included a distinctive polter>', 
known a.s Black-and-Red (burni.shed 
black inside and red on the external 
bottom), burnished black, dull red. 
micaceous red and sometimes painted 
pottery. The iron objects consisted of 
agricultural implements like plough¬ 
shares and hoes, carpentr\' tools like 
chisels, and things of daily use like 

Temcotta figures from the Silgiri ana in 
Tmil Nadu a male (right), a horserider 
fbehw) with the torso cut, and a female 
(below, right), (Photographs on this page 
and the hut model on the next page an 
from South Indian Megalithic Burials by 
Lawrence Leshnik) 


A pot with painting in dull white from 
Coimbaton district, Tamil Nadu 



copper-bronze articles were solid bang¬ 
les. dishes and lids, the latter .some¬ 
times topped with delightful finials like 
buds, or birds and animals; .some 
objects were of two metals, for mst 
ance. daggers with a copper hilt and an 
iron blade. There were gold ornaments 
like diadems, ear-rings, and studs, 
cabled wire necklaces, and beads of 
semi-precious stones like agate and 
carnelian, .some with designs etched on 
them. And where horses were buried 
with the dead, ornaments meant for 
their face and flanks, made out of 
coppcM -hronze sheets, are found among 
the burials, in seveial cases, these show 
the use of a composite technology, tor 
instance, copper bells with iron clapper 
or copper sheet roundels rivetted to 
ba.se with iron pin.s. 

All the.se objoct.s were buried with 
the dead pos.sihly with the view* that 
they should be of tielp to the person in 
the ‘afterlife’ But the objects al.so 
reflected the .social and economic sta¬ 
tus of the dead. More important, the 
fact that so many objects were interred 




A hut mode! in clay from the Coimbatore 
region in Tamil Nadu (above) 

iron knives from Maharashtra (right) 

with the dead also implied that there 
must have been, within the me^^alilhic 
community, a permanent class of arti¬ 
sans maintained out of the agricultural 
surplus produced by the use of a range 
ot agricultural tt)ols. There has been 
evidence in megalithic sites of a larges- 
cale domestication of animals, and 
grams like rice, barlev. millets and 
black gram have actuallv been reco¬ 
vered. 

No other contemporary culture had 
produced such a level of technology as 
produced by the megalithic artisans. 
Though iron,(the megalithic is essen 
tially an Iron Age culture) has also been 
associated in Nortti India with what is 
called the Painted Gtey Ware culture, 
which many date to the beginning of 
the first millennium H('. the amount of 
iron objects associated with this cul¬ 
ture IS far less than that found in the 
megalithic sites in South India. 
Moreover, iron-smelting furnaces reco¬ 
vered at megalithic sites have shown 
the iron technology they used. 

As mentioned earlier, the artistic and 
technological talent of the megalithic 
people IS reflected in a variety of 
artifacts wtiich they turned out. Even 
in ceramics, they made a distinctive 
contribution. For instance, besides 
other wares, the unmistakable ceramic 
trait of the megalithic culture of penin¬ 
sular India is the Black-and-Red pot¬ 
tery, distinguished both in typology 
and technology. It is a thin ware with 
highly burnished surfaces (due possibly 
to salt'^glazing according to some scho¬ 



lars). entirely black inside and red on 
the external bottom (due to inverted 
firing according to some) and thrown 
on the wheel. The megalilhians turned 
out exotic shapes like bowls with elon¬ 
gated tapering base, squat potterv 
.stands, lids with ornamental heads, the 
latter sometimes embellished by motifs 
like that ot a ram or tour birds or buds. 
They also used pottery painted black on 
a red suiface or yellowish cream on a 
red surface. The artist’s skill is display 
ed in the regularity of the painted lines 
and the masterly control on line work 
(see pictine on p 'M)\ 

The megalithic people also e.xcelled 


in making terracotta figurines and 
models. Though as.sociated with the 
later megalilhians. the terracottas from 
the Nilgiri area are distinctive. Entirely 
hand-fashioned, they have a primitive 
tribal charm. The female hgure is 
shown wearing a number of bangles on 
her left hand, the necklace is shown by 
punctured dots, and po.s$ibly also a 
bodice and a torque (.sec p. 30). The 
punctures on the face indicate tattoo 
marks, the hair is bunched in a chig¬ 
non on her head. She has round 
punctured eyes, slit mouth and a broad 
prominent no.se She could as well be a 
cult figurine. The male figurine, on tll« 
other hand, has legs wide apart; po«$- 
ibly the figure was mounted on some 
animal It has a slit, wide mouth, out- 
.si/.e eyes, pinched no.se and prominent 
eyebrows It appears to wear a deco¬ 
rated or embroidered apparel indicated 
by short linear incisions. Though pri¬ 
mitive in "appearance, it depicts the 
.skill of the artist .so far as the propor¬ 
tion and slimness of the figure is 
concerned and can be assigned to the 
first couple of centuries of the Christ¬ 
ian era on .stvlistic grounds. That such 
figures were mounted on some animal! 
Ls substantiated by another specimen,] 
again from the Nilgiri hills which 
shows a human figure riding possibly aj 
horse (see figure). Unfortunately the: 


Horse hits made of iron found in Mahuijhari, Maharashtra 





} upper half of the human figure is 
broken, but it seems to wear some 
^ ankle-reaching garment indicated by 
i incisions. It also wears an ornament 
i' around the ankle. The horse is shown 
E quite realistically with a long neck, 
I short ears, cross-eyes, open mouth and 
a short tail. It is remarkably modelled 
^ in the round and can be assigned to the 

> same period as the specimen referred 
^ to earlier. Both these are blotchy red 

and do not seem to have been adequ- 
u ately fired. 

^ The human figurines could possibly 
f be cult objects. That cult objects, if at 
I all they are, played an important part in 
V the life of the megalithic people is 
^ further attested by what could be 
H termed as models in clay of a hut. One 
; such specimen has been recovered 
I from the Coimbatore region (see 
p. 31). It is made from a coarse type of 
clay and fired in reducing conditions 

> resulting in the hut-model appeari.ng 
^ black. It shows a circular hut with 

conical roof, short walls and a rectan- 
gular opening for entrance. The whole 
hut is on a stand base. The modelling is 
perfect and precise. Tribals in that 
"" region still build circular huts. Evi- 
‘ij'. dence of circular huts of the megalithic 
(, people, datable on carbon-14 analysis, 
* to 7th century BC has also come to light 
in the excavations at Naikund in the 
Vidarbha region of Maharashtra 
It is, however, in the field of iron 
technology that the megalithic people 
excelled. Their burials are rich in the 
variety of iron objects. A fair number of 
these are tools of offence like daggers, 

. swords, tridents, lances, spears and 
; arrowheads. A large number of every 
I day utilities of iron are also interred— 
I cauldrons with flat base and side hand- 
)|les, a large variety of chisels, nail- 
parers with cabled body and sharp 
bevelled working ends, adzes, axes and 
agricultural tools like hoes and sickles. 
In some cases, the horse with all its 
trappings was also buried with the 
dead, and horse bits of iron (see figure) 
have also been reported from several 
megaliths; three varieties of these are 
1 known: snaffle bits, barbed bits with 
;| looped ends and barbed bits with 
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A copper pot with parts Joined by iron 
rIveU 


looped nose and mouth piece. These 
show the close association of the horse 
with the mef^alithic people. 

These iron artifacts show a very high 
percentage of iron, as high as 99.6 per 
cent. The Mahurjhari specimens (Nag¬ 
pur district in Maharashtra) show 99.1 
per cent iron and 0.9 per cent carbon. 
The addition of carbon strengthens 
iron. Recently remains of an iron- 
.smelting furnace have been recovered 
at Naikund m Maharashtra. The fur¬ 
nace. circular on plan, was built of clay 
bricks of an average thickness of four 
cms. The furnace was 30 cm in dia¬ 
meter and 25 cm high. The bricks were 
interlocked in tiers. Along with it. two 
tuyeres made of clay as also abundant 
iron slag were found. f)r. Gogte, of the 
Deccan College. Pune, had worked out 
that the megalithic smelters (of 
Naikund) used 10 to 12 kg iron ore in a 


single smelting operation, producing 3 
to 3.2 kg of pure iron. An analysis of 
the iron ore found nearby the furnace 
confirmed that the megalithic smiths 
of Naikund used local iron ore. Cu¬ 
riously the iron objects interred with 
the dead show minimum rusting. 

Along with iron objects, the mega- * 
lithic people .seem to have been adept 
in the use of copper-bronze as well. A 
large number as well as variety of 
copper-bronze objects have been found 
in the burials as well as habitational 
deposits. These again include articles of 
everyday use, for instance, pots and 
pans, bangles, lids, bells for animals, 
and ornaments for the horse. A notable 
feature is that some of these contain a 
high percentage of tin For instance, 
bronze cups from Raigir in Andhra 
contain 21 per cent tin whereas bowls 
from the Nilgin megaliths have 28.89 
per cent tin. On the other hand, sites 
like Mahurjhari and Takalghat in 
Maharashtra show a high percentage of 
copper (87 per cent) and only traces of 
tin. What is surprising is that in spite of 
the well-known paucity of copper in 
India, the megalithic people seem to 
have used copper-bronze on a large 
scale and further that they could afford 
to bury such objects with the dead. 

Some of the copper-bronze objects 


A copper lid with bird finials 








Cold necklaces and spiral ear-omaments (bottom) from Mahuijhari, Maharashtra 


show a remarkable mastery over copper 
technology as well as artistic talent. 
These objects are generally of egg-shell 
thin sheets of copper. Perhaps the best 
specimen of the coppersmith’s skill 
comes from Mahurjhari—an egg-shell 
thin sheet of copper cut to the shape of 
the front of ^ horse's face, and fixed 
over this sheet are copper sheet round¬ 
els with iron pins. On the periphery of 
this ornament are round perforations 
which suggest that the piece was 
mounted on a leather base and tlien 
placed on the face of the horse. Yet 
another specimen of excellent technol¬ 
ogy comes from the same site, a pot 
with a round belly and a high neck, 
fashioned in three separate p»eceir-the 
bottom, the .shoulder and the neck - 
which have been rivetted to each other 
by circular iron rivets; the rivets are so 
fixed as to appear one with the body 
and the whole piece is extremely .sym¬ 
metrical and faultless in outline. No 
such piece has been reported from any 
.'Other site in India. This excellence in 
^ craftsmanship is also displayed in .some 
exotic objects like lid-heads with motifs 
of four birds or of a cock or a dog or of a 


group of buds. Such 1 id-heads were 
made separately and then mounted on 
top of a tapering lid or cover. Adicha- 
nallur in Thirunelveli district in Tamil 
Nadu has reported a number of the.se. 
Apart from the arti.stic merit of such 
pieces, it is possible that these exotic 
objects were meant for special rituals. 

That the megalithians were adept in 
composite technoUjgv is attested by 
.some specimens which use copper and 
iron in the same artifact —daggers with 
copper hilt and iron blade reported 
from Mahurjhari (Maharashtra) and 
Pochampad in Andhra Pradesh. Besides 
.such daggers, these smiths also pro¬ 
duced copper bells with domical body 
and iron clapper 

Such ma.ster>’ is .shown in making 
objects of gold and electrum also A 
variety ol gold object.s from diadems to 
small bead.s have been reported from 
megalithic sites in India. The exquisite¬ 
ly decorated diadems reported from 
Adichanallur arc wcll-knowm Paiyam- 
palli in Karnataka has given a gold¬ 
smith's stone mould. The megalithic 
goldsmiths were so adept in the execu¬ 
tion of gold ornaments that they could 


prepare cabled wires, wires as thin as 
one millimetre in thickness, spiral 
ear-ornaments, decorative motifs in 
repousse, thin disc-beads and wire 
necklaces whose ends could be inter-^ 
locked. The megalithic people were 
also expert bead-makers for which they 
used semi-precious stones like agate, 
carnelian, chalcedony as also other , 
materials like shell, bone, glass and 
terracotta. They knew the art of etched 
beads, that is. etching decorative 
motifs in black or white on agate and 
carnelian beads. Some of the etched . 
designs are typical of the megalithic 
culture and have been reported from a* 
number of megalithic sites in peninsu¬ 
lar India. 

The arts and crafts of the megalithic 
people in India have earned a special 
place in the history of technology and 
artistic traditions. Yet there was a time 
when these people were taken to be 
nomadic. Recent researches have 
proved that they led a relatively settled 
life, practised agriculture, maintained a 
highly skilled class of artisans and 
practised a distinctive burial ritual. 
Surviving for well over a millenium (c. 
1000 IH' to 2nd century AD), they have 
left enough material evidence of their 
disitinct artistic and technological ta¬ 
lent. 

Who were the megalithic people? No 
final answer is yet available. In several 
places that were excavated, the burial 
was only fractional, and in other cases 
skeletal evidence was found only in a 
smashed state because of the fillings 
above. Consequently, physical anthro¬ 
pologists have so far been able to study 
only a few skulls, and these have led to 
divergent views. Some earlier views 
assigned the megaliths to Druids (be¬ 
longing to the pi e-Roman inhabitants 
of north-we.stern Europe or ancient 
Gauls and Britons). Celtic or the 
Sc>thian people Others say they were 
Dravidiansk. and some think they were 
Mediterraneans. Some even argue that 
the megalithic people came to peninsu¬ 
lar India via the sea while some trace 
them to West and Central Asia. 

Pn)f Itco IS Uiiector of the Post Graduate and 
Research Institute. Deccan College, Pune, 
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I AGREE with Prof, lldgaonkar's idea 
of creating a number of small adv¬ 
ance science/technolugy centres, in¬ 
stead of creating a separate indepen¬ 
dent Science/Technology City. Existing 
industries, technical institutions and 
universities may provide at least a part 
of infrastructure needed for such a 
development. Suitable locations for 
these centres can be chosen, depending 
on the nature of projects. 

These centres can have the latest 
science/technology projects, sponsored 
by Indian scientists or expatriate scien¬ 
tists. Help to all good projects should 
be provided on the basis of equality. No 
attempts should be made to create 
further differences between two equally 
qualifled persons sponsoring these pro¬ 
jects. This step will eliminate at least 
one reason behind the brain drain. 

Cooperation between the Indian sci- 
entists/technologists and the know-how 
available with emigre scientists/tech- 
nologists IS also desirable. Both are 
products of Indian institutions, and 
perhaps they can promote some suit¬ 
able common fields of interest,finan¬ 
cially, as well as technically. 

Expatriate scientists/technologists 
can be assured that they are most 
welcome if their experience and know¬ 
how can be of national in¬ 
terest. Asking for highly paid jobs, 
putting too many preconditions— 
perhaps an option to go back—only 
shows that they arc not confident of 
achieving success in an Indian environ¬ 
ment. It IS hoped that another white 
elephant is not created, further drain¬ 
ing our national resources. 

Ra) Kumar Jain 
Or. Jam wurks at Bangalore 

I WOULD like to draw the attention of 
the government that India is a 
country where majority of our people 
are illiterate, where science is not 
understood by masses and where 
theoretical education is imparted in 
our institutions. Under such condi¬ 
tions. creation of a Science City is a 
meaningless exercise. 

Sudip Dutta 

Mr. Dutta works with the State Bank of India, 
Dist. L. Subansin, Arunachal Pradesh 


SCIENCE CITY 


I T IS unfortunate that the Indian scientific 
community should have responded in 
such a hostile manner to a 
project which plans to establish a high-tech 
cell in the country for which the expertise, 
resources as well as funds will be entirely 
provided for by Indian scientists resident 
abroad. The latter are discharging their 
obligations to their motherland since apart 
from a site to locate their venture they are 
not making any demands on this country. 
This sort of entrepreneurial endevour will 
bring in its wake a fillip to our industry as 
well as provide employment to a large 
number of resident Indians. Furthermore, 
as 1 understand, any resident Indian scien¬ 
tist who. like the promoters of the project 
contribute their own financial share^would 
also he welcome to join in Since the 
produce of this venture would be export 
oriented it is expected to generate a good 
deal of scarce foreign exchange. 

What perhaps has created the whole 
regrettable misunderstanding is the name 
accorded to the project—Science city— 
although It IS needless to say any high-tech 
venture will have a sizeable K & D compo¬ 
nent. It IS likely that the first few letters 
from emigre scientists appearing in Nature 
which cast aspersions on the ability ot 
Indian scientists, ignited the flames of 
passion. These letters were uncalled lor It 
IS, therefore, clear that the Indian resident 
scientists have nothing to fear and should 
in fact welcome their brethren from abroad 
The protect, however, should not be called 
Science City 

A. Purushottam Reddy 

.Shn Reddy n art entrepreneur based in Bombay 

I FEEL that the Science City, or for 
that matter any Science centre, 
should revolve around the needs and 
necessities of a common man. where¬ 
ver possible. There is no reason to 
assume that local technology or tradi¬ 
tional methods need to be replaced 
overnight But an appropriate import 
ot technology to modify the existing 
method will certainly induce the essen¬ 
tial involvement and rapport between a 
commoner and a scientist. Failing 
which, the Science City will become 
another Ivory Tower. 

With this view, I have sketched a 
scenario entitled, 'A Decade After” of a 
department of Science City. 

M. S. Gore 


T he SctentgCKy li#d ^ arrived 
A concrete drudures* CSbr&tirias 
trees, wild bashee, etc. Wilfully' .or 
mistakenly the plentffiii sunshine., so 
much adored since ancient times, was not 
altowed to have access to^ vast robiiis 
and corridors of thC Science City. So jn 
times of power .failure or load sheddiiiii; 
which was frequent, the scientific , coid- 
munify did grope in the darkness at noon. 

Prof. Linga was meticulous about de- 
tailsi During one .such darkness at noon, 
he mused pleasantly as to how he had 
ruled with an iron hand in the Pinal Civil 
Construction Committee Meeting in 
favour of commodes and running hot and 
cold water facility. As the flush could not 
be guaranteed to operate and tissue paper 
could be provided to those more equal 
than others, local scientists discovered 
that a plastic bottle was more reliable. Of 
course, there were locally suitable facili- ^ 
ties, but they were too far and were 
frequented by mails, watchmen or other ' 
low paid workers. 

ProL Linga had arrived a decade earlier 
in the then proposed Science City. 
Whether he was invited or he had imposed 
himself is too confounded in the corres¬ 
pondence to discern. Nevertheless, he had 
landed in the Science City to investigate 
the usefulness of ”mucon treatment” for 
Indian foods. The objective was essentially 
simple, but in the course of time he was 
totally convinced by the power he ac¬ 
quired unknowingly or by that which was 
granted to him that, the mucon treatment 
could solve many problems concerning . 
Indian foods. While in the foreign land, he f 
himself had worked on some applied 
aspects of mucon treatment and had a few 
papers to his credit. 

There is no reason to belittle Prof. 
Linga. His true area of research was 
epithelial cells and he had made superla¬ 
tive contributions in the field. Very little is 
known about who and what tricked him to 
enter mucon treatment, that too in India. 
Nevertheless a large number of Indian 
scientists, mostly graduates^nda few fore¬ 
ign trained Indian scientists were engaged 
ostensibly for the work on mucon treat¬ 
ment of foods. Knowingly or unknowingly 
he had lorded himself over the others as 
an expert on the applied aspects of mucon 
treatment. This was not easy but he had 
managed it in a democratic mannen' 
Practically, every paper emerging from/, 
the mucon treatnient laboratory either 
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DEBATE CONTINUES 




shliwerett.prolIlM .acknowiedtfwnienit tin 
as |>^Mi 

$|tiga 4*4 devip^^ 

irHutetiwe lethniiiue t^arAT.tUscnd; 
The mM^M trt^ent laboratiDiry was his 
brairKhidd; he'had tirelessly supervised, 
the itiSUiation of the ihachinety (diat tt 
was aimqlt a discarded piece by the donor 
country, he was vagHily aware). So It 
followed .'autonutically that any work oh 
mucon brtatment was possibie on^ be* 
cause of his outstanding contributions in 
importing it. This was a fhct and could 
never be challenged and so every article 
carried his name. Some scientists, who 
did some original work, not necessarily 
concerning mucon treattment and did not 
put his name on the articles, discovered 


(Moviitbial «:cettfs.and gt tirpM thi» l«d 
Ihe aiKMy to apdtt a#M%|i 

.hv rww;tn-6ivou»veC.thn*t> 

bonrruoid meihMiS «il4(di'i 
YO(gs and' ncein oil. At thnas.'he 
remetrkher that his orm proftsspr ifi a' 
.foreign land always encouraged discus*, 
sions, arguments which he hia|^ carefoT*' 
ly. At times the stentorian foice of his - 
professor boomed into his earS'diiricig the 
darkness at noon. ' It said, dear,, you 
alone could he ekcellent tipfo .a fwlAi » 
Beyond that yoiir fob is fo late eneett 
ence and promote it. dfieh diecwsiohs ' 
without pr^tidice is one,'way fo focatrih 
there could be many,pthqr ways. Buimind 
you, power is not oner-As^-the power 
returned iilufiiin|^'hft fxe$ui^ deihv 
the stentorian' mice dbintegnied into' 



that the approval time exceeded two years. 
Eventually it became a routine practice in , 
the mucon treatment laboratory toTidd 
his name reflexively in any article. In a 
decade there were more than a hundred 
publications to his credit. These included 
articles on economics and ei^ineering 
which by any stretch of imagination were 
nut his hel^ of activity. 

He wu a vehement participant in 
symposiai held abroad. The invitatums for 
symposia or requests for sponsoring 
someorw were qfwiws directed to him.,He 
found it convenient to'sponsor hipiself 
and iiWjtatiops he would never refose. 

With his busy schedule he hariHy'had 
py Ifone'for .diSluislonis-'prith'>lrit siib- 
jprdinato£‘ftebedtiMinfodthtivof;ti^. 




^Ibig'ilttKSMftreattncntvni'! 
''ahj9:Mttiri'.thppmei^ , 
body, 

wasJsot««ghiisi|alfotmtgseii^ ! 
-.'iefojpl'for (ito to toe ^ 

'teitofoh was ahetajl m » 

inv^ vitt suiM of 

vfofon he had fod irngfoiMNiM 

hadpot (bedeaacBy ac 

did not bother him. After 40 Ifo 

the focals tolling food fomi ftlinN^ 

catiM It too. And >!• nMitoii*ftg|tog,s 

'tobiis jwould cdrtiMbkdHito '*ij 

; tS 'ftitoat iCAft 

Jhuii Theforeigh igndlftim vdieto^iOni 


nothingness. Prof.' Linga continued his 
drafting. “Effective treatment... social im¬ 
pact... malnourished masses-,, easy availa¬ 
bility... low cost... lack of indigenous 
technology... 

Eventually the lucal scientists had 
opted, perforce, to pursue their jobs 
merely as means 'of survival. 

Prof. Ltnga was not a happy man 
nowaday.s Huusmg was not a problem for 
him as he already had one. His soiw.had 
gone abroad and one had opted to'.settle 
over there. (Incidentally, sopfo Science 
. City graduates had shunned mucon woirfc, 
gone abroad and sCttito them. Me had 
called them traitonj. The sitiiatfoir'was 
truly dUtuiibing. Many people had toM^ 
. that '.mucon treatmeM.foto 
. SpDto pt tifo foaftwft.iiiid wtttoto'i^ the 


abandoning the old atUl egphnihgf 
dimensions. The. niw jMifon '.npw 
cemfditoiMio» trtottoanlr^fhctwdfte^ 
femedto as vhiDoti^ 
isatfon .ind dhpetot df d^. .iNimk. 
foreign ttoin(MII.Hdhiiiii toitogMt wgsltnto^ *' 
ing to '-k. mentlfi idof of't;; 

'few ifito tolfe'«ptoto'^,iqhto- 

iAm 

bfeongortto an4tohfe^?'to.^ioto!M''jiif^ 
utility;<i{v««totoc treatfotoit jHxito 
isatiop df dispdsal cd city vin^. ''v. 

For the first time Prof. Idngd vwnderat^'. 
as to''«dK> and what prompted hhh-li^ ' 
discomtoue his brllllaoi work'Oft , ep^*"'^ 
lial eftb arid tread foto muooii woi^,''v| 
Just a kifometre away from the «aclu> C' 
shw fest food joints U Science Cily, ^ 
half-clad Aafe aubnitm hriskb' selliiui'a '<} 
handfol of salted groundnuts for 
Icmrest denomination coni,. Even wlfi)qMt 
knowing the basics Of profeina4n(i.fets or. 'i 
carholwdrates. the half-cJpd at'kast !.; 
providing some nutrition' fo all indndbtg ' ‘ 
those who sorted fopd froin gtttotft-' ‘‘A 'ii 
practising nutritfonttt" toclaiiiied Prdf. ■'] 
Linga: He paid a coin and asked for .the .'j 
salted delicacy to the utter svtoPi^'ofoA' 
thoM around there. Me was.iiidt ilBunned.* ' 
He-felt he could have kStmtS '0«o^- 
Washington Carver. His eyef,i!;|r* nwis-. 
tened but he knew whtt' td wprft, for 
whom to work and whfClM to wdrk. The 
stentorian voice reassured ;htni. “There 
could be many others'WSys 'to locate 
excellence. But mindyjMt, power is not 
one”. v' , 

‘ Af, S. Gore 

Or. Gqk umics inM BkidHimistrii 'and Food 
TechmifofippMii^WtaUiaMm^fteiedrr/t 









P. J. Joglekar 

IRST, the black and while sel-s. 
now the rush lor colour TV 
Television has come to stay as a 
rneims of entertainment, if not 
education, in the larger Cltle.^ And 
several lA anternas crowding close to 
each other (»n a small terrace is a 
common, lluiugh unaeslhetic, sight in 
cities like Bombay 

Sucii overcrowding of anlennas can 
cause mutual interaciuMis and result in 
disturbance^ on the n screen Though 
the antenna dcc(»unts for less than 10 
per cent r»f the total cost of a rv set. it 
decides in a big way the iiUtilitv of the 
picture. A shak> or ‘snowv’ or unsteady 
picture and ghost signals or multiple 
images aie the two types rrf crmimon 
troubles in which the antenna figures 
prominently, if it is not proi'vrlv 
chosen or fixed Yet, the antenna is the 
most neglected part ot the .system - 
neglected by I he manufacturer as well 
as the customer While all the tuss is 
made in choosing a 'i\ set, the crucial 
job of installing the antenna is left to 


the unskilled technician who is hardly 
competent to do the iob. 

Whv IS the antenna .so important' 
The T\ signals radiated bv the TV 
transmitter reach our places through 
radio waves It i.s the job of the antenna 
to pick up as much voltage as possible 
from these waves and deliver it to the 
IV set if the signal pick-up is too weak, 
random vcdtagcs or ‘noise’ which get 
into the IV set can disturb the pictures, 
just as ytui get 'noi.^e' on the radio 
when sound reproduction is disturbed 
Noise also arises inherently within the 
lA set Itself from resistors and transis¬ 
tors. or it may ' e caused hy external 
souues like electrical appliances such 
as tube lamps, fans, and motors in the 
neighbour!mod Noise can create ran¬ 
dom while Spots on the screen, like 
"snowing' When the noise is stronger. 
It interferes with the .synchronisation 
of picture scanning 

rhe rv picture is transmitted and 
reproduced dot by dot bv scanning 
from left to right and top to bottom. 



The scanning of the reproduced picture 
IS held in synchronism with that of the 
transmitted picture by synchronising 
signals which are transmitted at the 
end of each horizontal line (horizontal 
synchronisation) and vertical field 
which IS known as vertical synchron¬ 
isation. When horizontal synchronistic 
tion IS disturbed, slant black and white 
lines appear on the screen, particularly 
when a vehicle passes nearby. A still 
stronger noise affects vertical syn¬ 
chronisation—the picture starts slip¬ 
ping vertically. The relative strengths 
of the TV' signal pick-up and noise or the 
signal-lo-noi.se ratio is thus an impor¬ 
tant factor which determines the pic¬ 
ture quality. 

Since the external noise environ¬ 
ment varies from place to place, the 
minimum signal .strength to get a 
satisfactory picture also varies from 
place to place. It is more in the urban 
areas than in rural areas In general, 
however, a millivolt signal at the tv set 
should give good pictures 

At any location, the strength of the 
TV signal depends on how far the place 
IS from the transmitter and also on the 
presence of obstructions like hills or 
tall buildings on the path of the signal. 
If the signal is .strong, for distances, 
say, up to a few km. one could use an 
indoor antenna; metallic objects near 
the antenna can. however, affect recep¬ 
tion, so one would have to find a good 
location by trial and error. 

A.S the signal strength decreases with 
di.stance, more elaborate systems are 
required at longer distances. Most 
popular are the three-element Yagi 
antennas used in the mam area of 
coverage for their simplicity of con¬ 
struction and low wind resistance (cal¬ 
led so after the Japane.se engineer who 
first reported in Knglish Prof. Uda’s 
original Japanese work, more appropri¬ 
ately, it should be Yagi-Uda antenna). 

These antennas have a .stninger signal 
pick-up than that due to a dipole 
because they have directivity, that is. 
these antennas have more pick-up ir> 
some directions than in other. The* 
antenna therefore has to be oriented 
such that the direction in which its 
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pick-up IS maximum coincides with the 
direction in which the T\' waves arrive. 
If the direction is not known, one 
rotates the antenna till one gets the 
best quality picture. The antenna then 
needs to be fixed such that it would not 
nitate because of winds, etc; if not, its 
pjfk-up would be low. 

Obviously, the same antenna cannot 
he used for two stations in different 
directions with respect to the tv set. In 
western countries where transmissions 
are available on more than one channel 
in a place, the transmitting antennas of 
different stations are often mounted on 
the same tower to facilitate the orienta¬ 
tion of the receiving antennas 

In remote areas, multi-element 
antennas can be used with advantage. 
However, the signal pick-up does not 
increase proportionately with the num¬ 
ber of elements. For example, a three- 
element antenna will give a voltage 
pick-up about twice ttiat of a single- 
element antenna, a six-element anten¬ 
na about three times, and a 15-element 
antenna only four times that of a 
single-element one And lhi.'> extra pick¬ 
up IS possible only when the antenna 
dimensions are properly chosen. 

Three dimensions are associated 
with each element (c»r rod) of an 
antenna—Its diametei. its length and 
Its spacing from the driven element (to 
which the feeder wire is connected). 
Thus for a six-element antenna there 
are 18 dimensions to choose A change 
in any one dimension can be compen- 
.sated by a change in another. As there 
are too many parameters to be optK 
mi.sed and as no theoretical analysis is 
available, dimensions for multi¬ 
element antennas are chosen ex¬ 
perimentally. If the dimensions are not 
proper, one cannot get the full benefit 
of the extra elements It may so happen 
that a badly designed antenna with 
move elements may give less pick-up 
than a properly designed antenna with 
fewer, elements. 

Usually Yagi antennas work satisfac¬ 
torily for a single channel only. Since 
tn coverage in India has been planned 
/to provide only a single channel ser¬ 
vice, these antennas are adequate to 



Common troubles associated with the antenna: snowinjf caused by weak signal (topi, 
picture rolling up or down when there is no vertical synchronisation (above, left) and 
diagonal bars appearing when there is no horixontal synchronisation (above, right) 


catch T\’ signals in whose primary* 
service area the set is located. Though 
signals from distant stations are aL^o 
received at times m many places, their 
channel allocation may not facilitate 
the u.se of one antenna to receive all the 
.station.s available at a particular place 
Furtfier, even if the channels happen to 
he conveniently allotted, the directions 
of different stations with respect to the 
location of the TV' set would be different. 
This would therefore not permit the 
use of a single multi-channel antenna. 
Uenerallv speaking, one would need a 
separate antenna for each station of 
interest if the TV' coverage in our 
country is augmented in future to 
provide a second channel then of 
cour.se channel allocation would gener¬ 
ally permit use of one multi-channel 
antenna to catch both the channels. 

Another important factor is the 
weakening of the signal over the feeder 
wire, which connects the TV .set with 
the antenna. A good quality feeder wire 
weakens the signal by about 10 per cent 
per about 30 metres length. Because of 
their poor quality, feeder wires com¬ 
monly used m India Cdu.se much more 
weakening In areas of weak signal, this 
may be a serious problem and can be 
compensated by using a booster ampli¬ 
fier at the antenna isee box). 

Gho$t signals 

In many TV sets, ghost signals aie 
seen, that is. same picture details 
reappear on the 5c»"een with some 
horizontal displacement. Mainly, there 
are three reasons for ghost signals; (i) 


reflections of iv signals from nearby 
buildings, hills, etc. \\\) mismatch be¬ 
tween the antenna, the feeder and the 
TV set and (iii) effect of other antennas 
in the vicinity 

When ghost images appear due to 
reflections from buildings and hills the 
problem is rather complicated. In a few 
cases, one can* find a good location on 
the terrace of the building and/or turn 
the antenna to keep the ghost images 
to the minimum But there can be 
some really difficult situations where it 
may not be possible to get over the 
problem. 

TV' signals picked up hy the antenna 
propagate over the' feeder wire and 
reach the TV set. If these three are not 
matched with one another at the TV 
channel frequencies the waves travel 
hack and forth between the antenna 
and the TV .set and gho.^t signals are 
produced This situation is similar to 
the multiple echoes which are heard 
when a souice of M»ijnd is located Oe- 
tween two walls If the fcedei length is 
small, the ghost signal is ver>’ close to 
the picture and mav look like a shadow 
or reduce the sharpness of the picture. 
In the case of a long feeder wire, the 
ghost image is separated from the main 
picture sufficiently and can be seen 
di.stinctlv In the case of a severe 
mismatch, equally spaced multiple 
ghost.s appear. The actual concept of 
matching is rather complicated and the 
joh IS made further difficult becau.se 
there are no simple tests available to 
check the matching at the customer’s 
place. It is therefore primarily the 
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manufacturer’s responsibility to check 
on this point. Even when the antenna 
is installed by the manufacturer's team, 
the job often remains quite unsatisfac¬ 
tory because the antenna technicians 
are usually unskilled workers who 
know nothing about matching. Tv' 
technicians who repair TV sets al.so have 
very scanty knowledge about antennas. 
The same can even be said about tv 
design engineers who know electronic 
circuits inside the tv set but do not 
necessarily know much about the 
antenna. 

Other antennas in the vicinity can 
seriously affect the performance of a r\ 
antenna. This is because one antenna 
induces currents in the (»ther and an 
interaction take.s place (due to electro¬ 
magnetic coupling ot antennas 
through T\' waves) This develops a 
mismatch resulting in ghost signals 

A typical common antenna system with 


The interaction is maximum when the 
antennas are placed one behind the 
other in the direction of the prf>paga- 
tion ot IV waves. Experiments have 
shown that the minimum separalnm 
necessarv in such cases is about 10 
metres for three-element antennas for 
channel four (61-68 MHz). Multiele¬ 
ment antennas need larger separation. 
In the sideways direction, a much 
smaller separation is .sufficient. 

Common antenna systems 

While interaction between antennas 
can be minimised by carefully choosing 
their locations this becomes practically 
impossible when manv antennas have 
to share the small space available on a 
terrace The only solution in such cases 
IS to use a common antenna loi all the 
sets in the building or even lor a group 
of buildings While such systems are 

essential components 


extensively used m other countries this 
idea has not at all been accepted by 
viewers in our country tor various 
reasons, mainly misunderstandings in 
the minds of the laymen, some of 
which are deliberately spread by the 
manufacturers or dealers to boost the 
sale »)f Iheir antenna.s. Some of them 
even contend that the performance ol 
their 'IV set i.s guaranteed only if it is 
used with their antenna. When it is 
propo.sed that several flat owners in a 
building may share a common antenna 
the tirst they expect is a substantial 
reduction in the cost since only one 
antenna is going to be used by all the 
people. Unfortunately, this is not so 
bevause what is saved on the cost of the 
antennas has to be spent on the distri¬ 
bution system. When a prospective cls- 
tomei comc.s to know about this he 
backs f)ut becau.se he would rather 
prefer his own independent antenna in 
that case. He i.s not able to appreciate 
the benefit in terms of quality. Since 
the proof of the pudding is in the 
eating, a few well-designed common 
antennas need to come up in different 
parts of the city, particularly in prob^ 
lem areas for t\' reception so that this 
idea can catch up. 

How does a common antenna work? 
A common antenna system as the name 
implies uses a common antenna to feed 
the TV signal to a number of TV sets. It* 
u.ses a high-gain antenna which is 
specially designed for withstanding 
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rough weather conditions in an out¬ 
door environment. 

The signal picked up by the antenna 
is amplified by an amplifier and fed to 
different feeders through a splitter. The 
feeder wire runs from one floor to the 
other. At each floor, there is a tap point 
^rom where the feeder wire runs to the 
individual TV set. In order to avoid 
interaction between the TV sets, an 
isolation network is provided at every 
tap point. This isolation network 
weakens the TV signal reaching the set 
to l/8th to I/lOth of Its original value. 
The TV signal flowing further down the 
feeder line is also weakened by about 5 
to 10 per cent. Thus every tap point 
introduces loss of TV' signal. This has to 
be compensated by boosting the TV 
signal by an amplifier before connect¬ 
ing it to the feeder wire. 

If there are more than one channel 
available at the place, usually a separate 
Yagi antenna is used for each channel. 
The signals picked up by these indi¬ 
vidual channel antennas are mixed in a 
mixer circuit and then fed to the 
master amplifier which can have a wide 
bandwidth to cater to all TV channels. 
Thus no separate amplifier is required 
to amplify each channel, provided the 
signal pick-up for each channel is about 
the same. If the signal picked up on one 
channel is too weak, it needs a separate 
pre-amplifier before connecting it to 
the master amplifier. 

In some installations, it becomes 
necessary to run separate feeder wires 
to connect different portions of the 
building. For example, all flats on the 
east side may have one feeder wire, 
whereas all flats on the west side may 
have another feeder wire if there are 
separate staircases on the east and west 
sides. Therefore, the output of the 
master amplifier is split into two or lour 
different outputs by splitters. These 
devices also introduce a loss in the 
through path and isolation between the 
two.paths. The connecting devices such 
as mixers, splitters and taps introduce 
two types of losses—insertion loss and 
I isolation loss. Insertion loss comes in 
[ the direct path whereas the isolation 
loss comes the path of the inter- 



The common antenna dtatrthuUon ayalem 
for a lO-atorey batUbig 


connection. The signal reaching a TV 
set on the ground floor of a building 
will be subjected to insertion loss at all 
the floors above and isolation loss at 
the tap point on the ground floor. On 
the other hand, a set on the topmost 
floor will suffer only the isolation loss 
at the tap on the top floor. In order to 
give more or less uniform signals on all 
the floors the higher level floors use 
taps with less insertion loss and more 
isolation loss. 

The choice of different units in the 
system is made by considering the 
layout of the installation and trying to 
provide satisfactory signal levels at all 
outlets and avoiding interaction be¬ 
tween different outlets. The common 
antenna system is therefore a some¬ 
what complex installation. It requires 
understanding of antennas, feeder 
wires and amplifiers. When the space 
on a terrace cannot permit individual 
antennas, a common antenna system is 
the only answer for getting ghost-free 
pictures. 

The co.st of a common antenna 
system depends upon the parliculai 
site. However, the cost per outlet is of 
the order of an individual antenna 
installation Thus, a subscriber to a 
common antenna system bargains his 
independence for a better quality pic¬ 
ture. 

Antennas for colour 
reception 

Are any special precautions needed 
for antennas for colour tv reception? 
Here a^in there are two problems, one 


is of weak signal and other is of ghost 
due to mismatch. 

Colour TV transmits a colour subcar¬ 
rier in the form of a colour burst (eight 
to 10 cycles of oscillations of colour 
subcarrier frequency) during each 
horizontal blanking interval. If the 
level of this burst is below a threshold, 
the TV set does not respond to the 
colour signal. Thus too weak a signal 
will fail to produce colour in the 
picture. Such a situation can also arise 
when the antenna does not have an 
adequate bandwidth. Thus the picture 
luminance signal is picked up well but 
the colour subcarrier which is hi^er 
than the picture carrier by 4.43 MHz is' 
not picked up so well. In such a 
situation the picture will be produced 
only in black and white. 

The use of a booster amplifier will be 
useful in weak signal areas to raise the 
level of the colour subcarrier above the 
threshold. Though the picture would 
be noisy it would have colour. 

When there is a mismatch between 
the antenna and the feeder, the delayed 
signals produce ghost images. In black 
and white transmission these are grey 
and look like shadows. In colour TV, the 
time delay produces displaced image 
whose colour also changes with the 
delay time. This results in ghost images 
of various hues and can be very dis¬ 
turbing. 

Thus proper antenna adjustments 
are more critical for colour reception 
than for black and white. A good 
antenna would give good reproduction 
for both black and white as we!l as 
colour. A bad antenna may give a 
tolerable picture on black and white 
but would not be acceptable for colo<.ir. 
if you are planning to buy a colour set, 
you may be able to use your existing 
antenna, if you are getting good quality 
picture on your black and white set. If 
the picture i.s too noisy or is giving 
ghosts, you may have to go in for a 
better antenna. 


Ur Joglekat is an electronic^, r,m.,ullant m 
Bomhav He has heen a consultant to ''i ’ TV 
Jiriston of the Electronics CorporutKi-, of I'uiui 
Limited lECILI, HiiJerabad lor TV reception 
problems in Bombae 
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Battle of the bulge 



S TRETCH your leg. tummy in. chin up 
turn around, bend back.. one, two.. 
...the tape instructs and forty as.sorted 
women dutifully obey. Visions of slirn, 
svelte. Konda-like figures .spur them on 
Outside, it IS barelv daybreak, hut the streets 
are full nt loggers 

Magazines and tabloids cany prime space 
advertisements fur health clubs and slim¬ 
ming clinics. For the urban Indian, fitness 
is becoming more than a fad, it is a cult 
Thin IS beautiful and the battle against the 
bulge goes on. 

Is there any substantial basis tor this fear 
of fat? Why this obsession with obesity^ To 
answer these questions, it is necessary to 
define obesity Obesity, fatness or excessive 


weight IS defined as weight (in kilograms) 
divided by height squared (in metres). If the 
answer is greater than 27 5 (for a medium- 
huild male) or 27 0 (for a medium-build 
female), the pers(»n is obese. 

Obesity, though eventually leading to 
malfunctioning of dif^^rent body organs, is 
hardly a disease in itself. An obese person is 
more susceptible to diabetes, heart disease, 
kidney trouble, osteoarthritis and post¬ 
operative complications Obesity can de 
tract considerably from the feeling of well 
being that characterises a healthy adult. 
Hence the fight against fat But what causes 
obesity? 

In normal persons, there is a close 
coupling between the metabolic demands 


and caloric intake, so that weight remains 
relatively constant. If this balance is dis¬ 
turbed, obesity results. The reasons for this 
disturbance include damage to the hypotha¬ 
lamic satiety center, certain types of emo¬ 
tional disturbances, persistent high caloric 
intake or due to endocrine diseases, and last 
but not least, due to socially established 
patterns of eating. In most cases, obesity is^ 
a direct consequence of faulty eating habits.^ 

Eating patterns are established Isarly in 
life and are difficult to alter. Often, an obe.se 
child IS an obese adult. Thus, when plan¬ 
ning the diet of a family, it is necessary to 
have a clear idea of what constitutes sound 
eating habits. And to cultivate good eating 
habits, the role of food in body chemistry 
must be understood. 

Food chemistry 

The three, basic constituents of food- 
proteins, fats or lipids and carbohydrates, 
are oxidised in the body and the resulting 
chemical energy is made available for body 
functions But how much energy do we 
need every day? The values of the daily 
dietary allowance given by the Food and 
Agriculture Organi.sation (FAOt standards, 
for developing countries, is 3.200 kilocalor- 
ie.s (70 kg body weight for men. in the 30-40 
year age group) and 2,300 kilocalorie.s (58 
kg body weight for women, in the same age 
group). Nutrition research has provided us 
with the calorific values of different kinds of 
food. Since data i.s available for nearly all 
kinds of food, daily diets can be planned, 
based on these values. 

Energy input and output 

The energy made available to the body by 
the oxidation of fond is used up in three 
way.s- by basal metabolism, specific dynamic 
action and by physical activity. The break¬ 
up of energy used for these three proce.sses 
IS fiO per cent, 10 per cent and 30 per cent 
respectively. The basal metabolic rate ib.mr) 
represents the energy expended daily foi 
vital life activities. It is the body's house¬ 
keeping energy and generally, more than 
half the total energ> intake is utilised for 
basal metabolism. The specific dynamic 
effect represents the energy utilised by the 
body tor digesting and metabolising the 
food and finally disposing of the end 
products. 

Recently, there have been reports on the 
so-called “negative calorie foods". The ener¬ 
gy needed to digest these foods is higher 
than the eneigy that their oxidation sup¬ 
plies to the body. They, therefore, lead to a 
reduction in body-weight. However, it must 
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be remembered that such hard>to-digest 
foods are likely to damage the digestive 
system. Also, the contribution of the speci¬ 
fic dynamic effect of food is only ten per 
cent of the total energy expenditure, and 
hence an increase of this factor is not likely 
to lead to a substantial reduction in body- 

for the 
:he total 

energy-intake. The energy involved in the 
performance of common physical activities 
varies from an estimated 80 to lUO Kcals/ 
hour on the lower side for .sedentary 
activities to 250 to 350 Kcals/hour for 
vigorous exercises. 

Obesity—fact and Action 

There are many misconceptions about 
gam and loss of weight. One such myth is 
that body weight increases with increasing 
age. What actually happens is that aging 
causes a decrease in the basal metabolic 
rate (BMRi There must be a corresponding 
decrease in food-intake, if body weight is to 
be maintained at the same level. Another 
popular misconception is that, hormones 
play a part in weight-gam. This is true only 
in cases of undersecretion of a thyroid 
hormone which causes a decrease in bmr 
This condition, also requires a reduction in 
food intake. Another erroneous belief is that 
mental activity consumes a lot of body- 
energy. Actually, the nervous system is 
continuously active and the energy require¬ 
ments are the same for sleeping, worrying, 
day-dreaming or furious studying. Muscle 
tension during mental work causes a small 
but still insignificant expenditure of energy. 

Another myth propagated by some 
weight reduction enthusiasts is that a 
single, violent burst of exercise ran cause 
the dramatic disappearance of large 
amounts of body fat. Actually, weight loss 
after exercising is due to the loss of body 
fluids through perspiration. The "lost 
weight" is regained as soon as the body 
fluids are replaced 

It IS a popular belief that m man> cases of 
obesity, sugar is the villain of the piece. 
This reasoning is not based on facts. One 
tablespoon of sugar (about 12 gms) on 
oxidation gives about 48 kilocalories of 
energy. This figure is small compared to the 
average daily requirement of about 2.700 
kilocalories. What actually happens is that a 
large amount of sugar is consumed because 
It is present in a wide variety of foods. At the 
same time, the nutritive value of sugar is 
very low The parbohydrate requirement of 
the body can be easily met by other food 
items and the body can well do with much 


weight. 

Physical activity is responsible 
Apenditure of about 30 per cent of 


Aativlty 


Estimated 

KeaMiour 

Sadentary 

Sitting with little or no body movement, read¬ 
ing. writing, eating. 

80-100 

Light 

Cooking, dusting, walking slowly, office work, 
ordinary laboratory work. 

100-160 

Moderate 

Sitting with vigorous arm movements or stand¬ 
ing with considerable arm or body movements, 
walking at average speed, vigorous laboratory 
work. 

160-250 

Vigorous 

Moving the body rapidly, heavy housework, 
rapid walking, heavy gardening. 

250-350 

Heavy 

Moving body at near maximum capacity, rapid 
swimming, tennis, running, etc. 

350 and 
upwards 


less sugar and sweets than we generally 
consume. 

Low calorie sweeteners like saccharin 
and sodium cyclamate have long been in 
use. They indulge the sweet tooth and have 
only a small percentage of the calories that 
are supplied by sugar. Certain dipeptides 
like L-aspartyl-L-phenylalanine methyl es¬ 
ter and related compounds are nearly 200 
times sweeter than sugar and are low in 
calories. However, they have not become 
popular because of undesirable side-effects. 
The search for low-calorie sweeteners con¬ 
tinues to form an important area in nutri¬ 
tion research. 

We now turn our attention to how each 
of the three basic nutrients is processed in 
the body and how the excess is stored. The 
carbohydrate content of food eventually 
reaches the intestine as mono and dis- 
accharides which are finally converted to 
glucose. Glucose is oxidised for the body’s 
energy needs and the excess glucose is 
reversibly converted into insoluble gly¬ 
cogen and stored in this form. The normal 


Measure for 
measure 

The unit of heat or energy measure¬ 
ment in the human body, is the same 
unit that is used to express the energy 
value of food. It is known as the 
kilogram calorie (Kcal) or Calorie (with 
capital C) and is defined as the quantity 
of heal required to raise the temperature 
of one kilogram of water from 1S"C to 
16X. The Kcal or Calorie is different 
from ’calorie', which is an energy unit of 
much smaller magnitude. 

Very often the distinction between the 
Calorie and the calorie is overlooked, 
giving absurd results. Further, the 
calorie defined in terms of heat, gives 
the erroneous impression that heat is 
the form of energy used by the cells in 
the body. Actually the body uses chemic¬ 
al energy trapped in high energy mole¬ 
cules like adenosine triphosphate (ATP) A 
newer and more appropriate unit in 
nutrition science, is the kilojoule (the 
amount of work that can be accom¬ 
plished by a given amount of energy). 


blood sugar (glucose) level is about 80 to 
100 mg/ml. 

Ingested fats are hydrolysed into glycerol 
and fatty acids. Glycerol is converted to 
glucose which joins tlie carbohydrate meta¬ 
bolic cycle. Some fatty acids combine with 
glycerol and choline to give phospholipids, 
which play an important role in the body. 
Other fatl^ acids are oxidised in the liver 
and muscles to release energy. Excess fats 
are stored in a special tissue called adipose 
tissue. 

Proteins, the basic building blocks of the 
body, are broken down into amino acids 
during digestion. Some ammo acids arc 
retained by the liver while the rest enter the 
blood stream and are rapidly used up by 
various tissues. Excess ammo acids are 
either processed foK energy and heat or 
converted into carbohydrates and fats. Only 
about 58 per cent of the dietary proteins are 
metabolised into carbohydrates. 

The long and short of being fat 

It IS obvious that the metabolic pathways 
of carbohydrates, proteins and fats are 
interlinked at several points. This permits a 
flexibility m the supply of nutrients and 
mutual substitution within fairly wide 
limits without causing serious injury to 
body tissues. The importance of carbohy¬ 
drates and fats m the diet is that they exert a 
protein sparing effect, permitting proteins 
to be used for vital structural processes in 
the br>dy. Generally, it is the excess fats and 
carbohydrates m the diet (hat lead to 
obesity. 

The maximum capacity for the storage of 
excess carbohydrates is. on an average, 
about half a kilogram. Carbohydrates, in 
excess of this amount, can be converted 
in^o fat and stored in the adipose tissue. The 
body capacity for fat storage is much higher 
and the .specialised adipose tissue is pro¬ 
vided foi this purpose The fat depots ohhe 
body are found under the skin, in the 
peritoneal cavity and interspersed with 
muscles. The fat under the skin responds 
first to dietary deprivation. It follows, 
therefore, that excess weight is mostly in 
the form of stored fat. 

Revathi Narayanan 

Dr. (Mrs.) Narayanan, a biophysicist, is a 
free-lancer from Bangalore 
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TOWARDS 
A MALE PILL 


A. R. Sheth 
S. B. Moodbidri 


T he practice ol contraception 
cannot be the sole responsibil¬ 
ity of the female. Indeed, an 
equal onu.s also devolves on the 
nd hence, an ideal birth control 
practice would be where a man and a 
woman share the contraceptive bur¬ 
den, alternating periodically in the use 
of their respective contraceptive. This 
in turn eliminates the hazard of con¬ 
tinued exposure of one person to the 
contraceptive for long periods of time. 

Why is then the woman the primary 
target of most contraceptive products? 
Why has there been no development of 
a male pill? This can partly be attri¬ 


buted to the complexity of the male 
reproductive processes and our basic 
under.standing of the different proces¬ 
ses ha.s lagged at least fifteen years 
behind that of the female. Besides, it 
seems much easier to interfere with the 
release of a single egg once a month 
than to stop the development of mil¬ 
lions of sperms in a day. 

In order to understand the vulner¬ 
able links in the male reproductive 
process that might offer approaches to 
male birth control, we need to have at 
least a simplified view of the complex 
sequence of events that govern the 
production of sperms in the testes and 


their subsequent storage and transpor¬ 
tation. 

The testes are two ovoid bodies, 
about 40 millimetres (mm) long, lo¬ 
cated externally on the body in a sac 
called the scrotum. Internally each 
testis is partitioned into several com¬ 
partments. The major components of 
the testes are the seminiferous tubules, 
where sperm formation occurs. These 
tubules are over 200 metres long, 
about 1 mm in diameter and are tightly 
coiled within the testicular compart¬ 
ments. All of them terminate in a small 
region containing a network of pas¬ 
sages, the rete testis. Once formed, the 
sperms are deposited in the rete by the 
tubules and from there they move into 
the next portion of the male reproduc¬ 
tive tract, the epididymis. The epididy¬ 
mis is a six metres long duct, where the 
sperms mature and are stored. During 
this maturation process, the sperm 
acquires its fertilising capacity and 
independent movement. Subsequent, 
sperms are stored and transported in 
the vas deferens, a duct nearly 30 
centimetres long where they are sus¬ 
pended in the secretions from the 
seminal vesicles and the prostate gland 
to comprise the seminal fluid that is 
eventually ejaculated through the 
urethra into the penis. 

Another important constituent of 
the testes are the Leydig cells, which 
produce the male sex hormone—tes¬ 
tosterone—responsible for the male 
secondary sexual characteristics and 
libido. 

The production of the sex hormone 
and sperms by the'testes is maintained 
and regulated by the actions of the 
anterior pituitai^ hormones, gonadot¬ 
ropins, comprising the luteinising hor¬ 
mone (LH) and follicle stimulating hor¬ 
mone (FSH). The LH stimulates the 
Leydig cells in the testes to produce 
testosterone which maintains the male 
secondary sex characters; the FSH ex¬ 
erts Its effect upon the seminiferous 
tubules to begin the process of sperm 
production and the secretion of a 
putative hormone called inhibin. 

A complex negative feedback 
mechanism governs the concentrations 
of these hormones in the blood circula¬ 
tion—if too much testosterone is pro¬ 
duced, the concentration of lh drops; 
conversely, if the concentration of tes-' 
tosterone falls below a certain level, 
then the lh concentration rises. The 
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Vasectomy does not affect male hormone balance, 
libido, erectile capacity or ejaculation 


levels of PSH and inhibin are control¬ 
led by a similar negative feedback 
mechanism. 

The secretion of pituitary gonadotro¬ 
pins is not only controlled by the testes 
which they stimulate through the feed¬ 
back effects of testosterone and in- 
^ibin, but also by a part of the brain, 
the hypothalamus. The hypothalamus 
Secretes hormones called “releasing 
hormones", one each for the pituitary 
hormone, controlled by it. However, a 
single releasing hormone, the luteinis- 
ing hormone-releasing hormone 
(LHRH) is responsible for regulating the 
secretion of both LH and fsh by the 
pituitary. 

Having understood the male repro¬ 
ductive process, the most obvious male 
contraceptive strategies then would be: 

1. Interference with the transport of 
the sperm so that ejaculated semen 
does not contain sperm. 

2. Interference with the maturation 
and storage of the sperm in the 
epididymis. 

3. Interference with sperm production 
in the te.stes. 

4. Interference with the hormonal 
mechanisms at the pituitary or the 
hypothalamic level which would dis¬ 
turb testosterone production and 
consequently the production of 
sperm. 

Interference with sperm transport 

The simplest way of interfering with 
the transport of mature sperm prior to 
ejaculation is to rupture or block the 
vas deferens. This is accomplished by 
vasectomy. Vasectomy is performed 
through a small incision on the scro¬ 
tum, just above the testes. The vas 
deferens on each side is located and 
separated from arteries, veins and 
nerves. The vasa are then cut and tied, 
after which the scrotal incision is 
closed with a few stitches. The proce¬ 
dure IS performed under local anaes¬ 
thesia and can be completed in less 
than 30 minutes in a clinic or even a 
mobile unit. The patient can leave after 
a short rest and is usually able to 
resume normal activity the next day. 

In physically and emotionally heal¬ 
thy men, vasectomy does not affect 
' male hormone balance, libido, erectile 
capacity or ejaculation. However the 
fear of loss of potency rather than the 
apprehension about the simple opera¬ 


tion itself has prevented many men 
from undergoing vasectomy. The other 
problem is that the probability of 
successful reversal of the method is 
limited. Restorative surgery consists of 
suturing the cut ends together. Func¬ 
tional success in terms of subsequent 
pregnancies occurs in 18 to 60 per cent 
of the-cases. 

Currently, vasectomy is irreversible, 
and the collection of an adequate 
amount of semen prior to vasectomy, 
and its preservation for eventual use in 
artificial insemination, is frequently 
mentioned as an alternative. Although, 
this method is still being< perfected, a 
commercial sperm bank has been oper¬ 
ating in the USA since 1972 which 
charges about 100 dollars for initial 
processing and another 25 dollars per 
year, for maintenance. 

Interference with sperm maturation 

Sperms that leave the testes through 
the rete testis and efferent ductulli are 
not capable of fertilising an ovum until 
they have matured as they pass 
through the first part of the epididymal 
duct. The chemical mediators of this 
maturation of sperm are still largely 
unknown. If the details of sperm 
maturation in the epididymis were 
known, this would perhaps be the must 
preferred site for pharmacological con¬ 
trol of male fertility as there would be 
less risk of introducing genetic altera¬ 
tions at this stage than by interfering 
with the process of sperm production. 

The contraceptive effect of a few 
organic compounds like alpha- 
chlorohydrin and 1, 2, dibromo-3- 
chlorupropane has been studied in 
iaborato^ animals. Though, we have 
leads in the laboratory about how to 
interfere with sperm maturation, it will 
at least be 15 to 20 years, before a 
contraceptive of this type reaches the 
consumer. 

Intcrfemnce with sperm production 

Interference with the early stages of 
sperm production is risky because of 
the increased likelihood of genetic 
mutations. A large amount of work 
has been done in this area, primarily 
using hormonal methods. In addition, 
direct pharn-acological interference 
with sperm production in the testes has 


been observed using several types of 
synthetic organic compounds such as 
the dinitropyrroles and nitrofurans. 
These compounds have been studied in 
animals, and some even in humans but 
a variety of toxic effects were observed 
during the early stages of testing. 

The most promising research effort 
involves testing of gossypol, a compo¬ 
nent of cotton-seed oil, that is appa¬ 
rently highly effective in stopping 
sperm production. Gossypol, a 
polyphenolic compound, present in the 
seed of the cotton plant fSp: Cossy^ 
pium. Family: Malvaceae), was disco¬ 
vered accidentally by Chinese medical 
scientists to have contraceptive prop-* 
erties. 

Since the initiation of the first trials 
in 1972, more than 8ip00 men in 14 
provinces of China have been treated 
with gossypol. It is taken daily for. 
about two months until sperms are no 
longer observed in semen and then 
weekly to maintain infertility. The drug 
suppresses sperm production and also 
affects the structure and motility of 
sperm in the epididymis. 

From the preliminary data available 
on the follow-up of recovery of sperm 
counts in men treated with gossypol, it 
appears that the chances of recovering 
spermatogenesis and a normal sperm 
count are greatly reduced with a longer 
duration of treatment. Side effects have 
included weakness, gastric discomfort, 
nausea, reduced appetite, decreased libi¬ 
do, disturbed potassium, metabolism 
which affects the heart. These prob¬ 
lems of safety and reversibility of the 
antifertility action of gossypol have for 
the time being precluded its general 
use for fertility regulation in family 
planning programmes 

Interference with hormonal balance 

Mote work has been done on inter¬ 
ference with the hormonal balance at 
the pituitary and testicular levels than 
on any other potential approach to 
male contraception. Unfortunately, 
hormonal interference tampers with a 
very complex interplay of various hor¬ 
mones and thus is likely to lead to a 
variety of actual or potential side 
effects. 
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' What the reproductive biolotiists 
have attempted ib to inhibit the secre 
tion of {gonadotropic hormones, i.h and 
FSll. by administration of excess testos¬ 
terone or one of its loni; actin{^ esters 
^ Because of tfie negative feedback con¬ 
trol mechanism between, testosterone 
j and gonadotropins, excess testosterone 
in circulation inhibits LM production, 
{which .n tuin prevents endogenous 
production ot testosterone witlnn the 
testes, needeil for sperm production. 
jThus ironicallv. the administi.ition of 
high doses of testosterone acluallv 
inhibits spi*rm production, while main¬ 
taining libido and other secondary sex 
characters 

The inhibitor^' effect on sperma¬ 
togenesis >s tomplelelv reversible, the 
average lime internal between the re 
cov»ery of spermalngcnesis and -essa 
tion of treatment being l.S to 34 weeks. 
However, this approach f.ues ti'mpluu- 
^ tions in the route of admini.stration and 
W possible .side-effects Studies under 
a taken over the past tt‘n years using 
several regimens iiave shown that ex- 
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cecdmgly large steroid doses are re¬ 
quired and the method is of unreliable 
effectiveness. All the studies conducted 
so far indicate tiiat only about one half 
of the treated male subjects develop 
azoospermia or the absence of .sperm in 
semen The most common side-effects 
of prolonged administration of testos¬ 
terone, include weight gain, aggrava¬ 
tion or reappearance of acne and reduc¬ 
tion in testicular size. Further, though 
the clinical and experimental evidence 
IS at best preliminary, it also suggests 
the possibility (»i' increased susceptibil¬ 
ity tf) atherosclerotic heart disease, on 
prolonged administration to normal 
male.s 

Kstiogens and progestogens or the 
femtile sex hormones are also highly 
effective inhibitors of gonadotropin- 
release. Large dri.ses can exert direct 
effect on the male reproductive organs 
leading to azoospermia. Again, the 
major problem is the production of 
undesiiahle .side-effects, including de¬ 
creased lihido, impotence, breast 
growth and nipple pain. To overcome 


these adverse effects which follow long 
term use of estrogens or progestogens. 
the simultaneous administration of 
androgens or male .sex hormones has 
been tried. When these compounds are 
used in combination for achieving male 
infertility, the dose of both androgen 
and estrogen or progestogen is les^;^ 
than if either of these compounds is' 
used alone. 

Of the various combinations tested 
so far in multicentric trials, depot- 
medroxyprogesterone acetate plus tes¬ 
tosterone enanthate is the most prom¬ 
ising combination However, in these 
trials, azoospermia was achieved, in 
only 50 to 60 per cent of the treated 
subjects. Furthermore, azoospermia 
was nut persistently maintained even 
while the treatment was continued 
over an additional period of time. In 
view of these considerations, it is clear 
that irrespective of the drug combina¬ 
tion or the dosage used, it has not yet 
been possible to produce persistent and 
sustained azoospermia, which is an 
essential requirement for the develop- 
of a method of male fertility 
regulation based on suppression of 
sperm production. 

Work has also been carried out with 
synthetic hormones. “anti-androgens*\ 
which inhibit the biological functions 
of the male sex hormones. Cyproterone 
acetate is one such hormone with 
additional progestational activity that 
has been studied clinically for male 
fertility regulation. 

Another potential area of investiga¬ 
tion is the possible role of inhibin. a 
protein that is apparently produced by 
the seminiferous tubules in the testes, 
and exerting a negative feedback upon 
FSH. The logic of the argument which 
involved inhibin in the search for a 
male contraceptive was that if fsh is 
essential for the maintenance of hor¬ 
monal sperm production, then selec¬ 
tive suppression of FSH secretion by 
inhibin should render a man infertile 
without affecting libido since LH and 
testosterone secretion would not be 
altered. Although an attractive proposi¬ 
tion. serious reservations are expressed 
regarding the development of this 





approach into a practical method. First, there is no clear 
evidence that spermatogenesis in adult human, males is 
solely, or even mainly, dependent on fsh Second, there is no 
inhibin preparation available today which is known to reduce 
the level of circulating fsh to zero. Third, inhibin being a 
protein, problems regarding the development of an appropri- 
^ate delivery system so as to make the route of administration 
^s well as the dosage regimens acceptable foi long-term use, 
may be of considerable magnitude. 

Yet another approach for specific fsh inhibition, is the 
specific neutralisation of fsh using active immunisation, 
which provides a promising immunological method for male 
fertility control. However, several aspects must be clarified 
before the immunological neutralisation of fsh can be 
considered a feasible and acceptable method. 

Another research effort involves, testing man-made ana¬ 
logues of luteinising hormone releasing hormone (LHKH). 
Lhkh is a brain hormone which serves to trigger the release 
of LH and FSH by the pituitary. Lhrii. a small peptide 
consisting of a chain of ten ammo acids, in its natural state is 
too weak to be used as a contraceptive. In addition, it tends to 
be inactive when taken orally. 



These obstacles could be overcome by synthesising ana¬ 
logues which are more potent than the natural molecule and 
retain their effects when taken oially. Repeated administra¬ 
tion of the superactive analogues produce a sharp rise in IJI. 
FSH and sex steroids levels, followed closely by a decrease far 
below normal. In a manner npt yet understood, the 
super-active analogues overstimulate the pituitary gland and 
exhaust its ability to respond further to the analogue. It is 
this paradoxical respon.se which provides the basis for using 
these super-active analogues as contraceptives However, 
suppression of .spermatogenesis bv this route is again likely to 
be associated with negative side-etfects. 

Clearly the course of male fertility control for the balance 
of this century' has virtually been determined. We cannot 
conceive of a single new non-surgical contraceptive proce¬ 
dure—chemical or non-chemical—that could be brought tf) 
the public because of the exceptionally long tim& involved in 
developing new contraceptive measures. n 

Or Sheih is Deputy Director and heads the Department of lUm hemistry at 
the Institute for Research m Reproduction, Romhay. 
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‘SHIFT’ IN THE BIOLOGICAL CLOCK 


Nearly one hundred hudv lurulion^ in 
human helnf<^ varv perioJkjllv in a ilock 
like manner Ijodv lempcialure ls mu* milM 
function The body temperatuu* rhythm in 
humans was the Mibiid discussed in <1 
paper that I)aw piesented in I8i.i to the 
Royal Society lemptiature nt the hcidy l^ 
easily measured eitliet in the oial Lavitv or 
' in the tectum lli>f|i tempeiatiires are 
! recorded at an)und I p m whereas the 
lowest temperatuies uicurred around 
, a.m coincidinji with deep sleep These 
‘ rhythms are tmind to pe/s/st in people 
; maintained m isolation hunkeis' in the 
absence o( time cues rhey then become 
circadian and the period (measured Irom 
peak to peak or trough to trough) treeruns 
and f^oes hexond 24 hours about rouKiily an 
hour L'nder such londitions of ireeriin ttie 
circadian rhvthm in sleep waketulness and 
. the iircadian t'emperaluie rhythm often 
'dissociate and show markedly difteient 
j periods. 

The temperature rtivthm is a xonvemenl- 
ly recorded indicatoi serx'injS much like the 
'hands of the circadian ilock Keinberjj et 
al., have recently reported *Aa/i//e. 308, 
: 272) on the oral temperature proliles nl 
j human subjects in the cimtext, ot then 
I showing; j^ood tolerance inloleiarice to 
shift work. A laij^e numbci <»l such wnrkeis 
report problems ot insomia. tatij^ue and 
uneasiness Dr A Kemberjj is a leaJinjj 
French Chron(>hn)lojjist specialhiny i»n hu 
man circadian rhythms I lie main coin In 
Sions of file papei by Keinbei^» el al . iiMv 
be summarised as Inllnws 
□ Human males Ntmwin^ 
shift work had a st.ilik circ.idlin pellDcl 
close to 24 hours 

LI Human ijiales slidwini^ one oi nitiin 
clinical Si^ns nt xhni woik c IkiJ 

an un'ilabk aiul xainhii circadian peiiod 
LJ When the e\peiiiiicnts weu conducted 
on the same subiecN llun i>n td fo/craoie 
to siirll woi K wa' e\pr i ssi’d litii the JH i md 
ot then iircedian Icnipiratuic iti\fhrn wjs 
close 1“ J'l hnill'. iind punt \\as 

t e\piesse*l lltc ['eimd drilled and 

1 beCdiru* le^s mi moie (Iran 24 hours 
^ Cl The .iitivitx rest ihcthm maintained its 
t exact 2 4 hour I'eriodkitc m spile «•( the shilt 
< in work stirednie hr nlher words the 
1 activity- rest rhytlirri and the Icinper/Tture 
t rhythm dissiM.ited m jH Mibiewts The 
^ diSSOw.idtifHi w.is ji^rt.itii in pom toleralors 

The studies emploved S \ subiects 
t volunteers, all males the suhiei ts had 
\ monitored tlieii own oial leiiipeialure ev 
3cry* -1 hours (5 to b times a dav tuit not 
dunnc! sleep) rwer Ih to dii dav> 

4 
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The type irf dissociation reported by these 
authois are similar to those reported in the 
treerunning ihythm experiments on is<»- 
laled human suhjecLs The lel lag and the 
tatigue accompanying transcontinental 
travellers are al.so attributed to internal 
desynchronisalioivdissoc lation of the sever¬ 
al hodv ihylhms The paper under discus¬ 
sion IS an mteiesting and important conlri 
bution in understanding chronnhioloj^ical 
implications ot human activity A drawback 
in methodology (to wliicti the authors 
themselves refer I is the kul Ural measure 
merits were made at unequal limes and not 
at all duiing sleep 

The penoclicilv ot human circ.idian 
rhythms ha* been implkaled oUm in 


Ciyo-electron 
microscopy of viruses 

In an eleition mici(»scope a beam o* 
electron is u.secl foi illumirviting the (ibiect 
as against visible light in opikal micros¬ 
copy The election mitroscopii studies ot 
biological specimens are limited to rmnliv 
ing cells, preserx'ed close to the living sttile. 
since during sample preparation a viable 
.state ol the spec imen cannot be riidint.iined 
However, due to the iiukh higher resolving 
power ot the electron mictfisiupe a superior 
detitriliorr ol the cellular ullrastructure as 
compared to Ural ot an optical microscope 
can be obtained 

Hiepaiatorx' proceduics toi routine 
observaliorrs o| biological sjrecmiens by 
eltilron microscopy iirilude chemical fixa¬ 
tion dehvdiation. embedding and st.iining 
procedures wtiich produce remarkable elec 
troll irikrographs |lov\ever. these treat 
menls destroy biological activilv extract 
ni(»sl soluble c.ijmp<»nents. including num¬ 
erous macromolecLiles and limit to a great 
extent the cylochemical and immunological 
reactions In r»rder to reduce lixalKHi aite 
tdc Is. tissues are intillrated with c ry'oprotec 
live agents such as gKcerme to prevent ke 
crx'stal tormation cooled in liquid nitrogen, 
and seclu*ned by cr\o-ultiamicroh»me in 
which the specimen and the knife are 
maintained al very low temperatures I hese 
sections are stained positively by i ranyl 
lead salts on negatixelv using pola.ssiurn 
phosptrolungstdle (KP'I) to obtain excellent 
presen’atioir of fine siructure of cells 

In the early days ol electron micro.scopy. 
small biological structures such as viruses 
or bacteria were ^>ttcn studied as a whole by 


medical literature and psychiatry One 
theory has it that even endogenous depress¬ 
ion m humans mav he traced to the 
circadian rhythm being out ot tune with the 
societal day (which is always the geophysic¬ 
al 24 hours). The medication administered 
in such cases such as lithium salts, is 
supposed tt) appropriately lengthen or shur-^ 
ten the subjects period and help them to'' 
entrain to the 24 hours societal day 


M. K. Chandrashekaran 

/*fo/ ( hatidnishvkatan heads the Vtut ot Neuro- 
h/ohav arid NeLhanisnis ot Hehanour at the 
Madurai haniatai ttnu'e/siti/, Madurai 


negative staining in this technique a small 
droplet ot suspended particles is mixed with 
a heavy metal salt such as KPT and placed 
(jn a tormvar coated grid Excess suspension 
IS removed by touching lightly with a tiller 
paper, leaving behind a linn film ot solii- 
limi During exaporation at room tempeia- 
lure Kt*'l surrounds particles on the sup 
perrt nim as a result ot surlace tensirrn 
interactimis and penetrates into the open 
nregularities at the cell surtace In the 
electron micioscope, tire negatively stained 
particles appear as light areas because of the 
low scattering power (jf the particles com¬ 
pared to the den.se surrounding stain It was 
.soon realised that negative staining mod- 
ilies biological .sliuclures Air drying ot 
negatively stained virus particles was lound 
to cause reorientation because rrf liquid 
flow, and disruption b\ surface tension 
forces In order to eliminak* ailelacts intro¬ 
duced h\ air drying, Iree/e drying proce¬ 
dures were introduced by Wvekoff in 1946 
The term freezing usually implies the 
pioce.ss in which liquid water gets con¬ 
verted to ice However, biological systems 
are complex and contain a mixture ot 
aqueolis .salt solutions and colloids which 
separate into pure ice crystals within a 
Iiquid-.sall w.itei pha.se when the tempera¬ 
ture IS lowered Since slow freezing aggra 
vates structural alterations due to phase 
septiiation, denaturation and o.smotic 
eltc'Cts. fas! freezing of the specimen is 
lomrnonlv employed 
Virus particles are ah.sorhed on to the 
specimen grid and (he sample i.s frozen by 
immersing it in liquid nitrogen. Drying is 
carried out in specially designed freeze¬ 
drying units by increasing the temperature 
of the specimen from -18l)"C to ~80"C. 


Electron micragnph {x 42,000) of the T4 bicteriophage brings out its head and tail 
structure clearer 


Water molecules are allowed to sublime by 
introducing a cool trap in the vacuum 
chamber so that the movement of water 
molecules is directed from the specimen at 
- 80''C to a cool trap at - IbO'C. Three steps 
gpe involved in freeze-drying (11 rapid freez¬ 
ing ( 2 ) sublimation of ice and 
(d) visualisation of structure by election- 
microscopy which may involve shadowing, 
replication, positive or negative staining 

Improvement in preservation of viral 
stiucture became evident when influenza 
virus particles which appeared pleomorphic 
by negative staining showed unilurmly 
regular stiucture on freeze drN'ing Another 
typical example of air diving artefacts is 
provided by oncogenic KNA viruses such as 
murine leukemia virus and mammar\’ 
tumour viius which display lt>ng protru¬ 
sions called tails or other pleomorphic 
appearances when prepared ’by negative 
staining technique using KPT or ammo¬ 
nium molybdate • However, freeze dried 
viruses did not show any evidence of laiL 

With improved freezing methods, it is 
now possible to rapidly cool pure water or 
aqueous solution into vitreous or amor¬ 
phous solid water wilhoiil the formation of 
ice crystals In the article “rryn-eledion 
micioscopv of viruses'. {Sdturc 308, dU) 
Adrian et al have used this method fui 
linding the stiuctural details ol viruses 
unaltered by i hemical fixation or physical 
damage introduied normally in the freeze 
dry’iiig tediniqiie 

A >mdll drop of vital suspensum (5 /ml) is 
applied to an uncoated copper grid oi the 
specimen is mounted across the holes of a 
hydrophilic carbon lilm on a cupper grid 


Most of the liquid is removed with a 
l}lotting paper and the grid is immersed in 
liquid nitrogen. This transforms the thin 
film of liqqid water containing the speci¬ 
men stretched over the giid holes into a 
vitreous state. The grid is then quickly 
transferred into the cold stage of the 
electron microscope to mamtain the speci¬ 
men m Its vitreous state, this also reduces 
the specimen damage caused hv the elec¬ 
tron beam duiing observation 
The technique prevents preferential 
orientation of virus particles due to surface 
tension forces Electron microscopic obser¬ 
vations carried out at low temperatures, 
(110 K) help to maintain the original 
distribution of the virus paitides when the 
iinsuppoited vitrified layer of suspension i.s 
much thicker than the particles The au¬ 
thors report excellenf preservation of ade¬ 
novirus. Scimiki Forest virus and demon.s- 
trate revealing structural details of the tail 
and particularly arrangement of liNA in the 
head region of the T4 bacteriophage (see 
Fig ) The finding that the dimensions of 
the frozen hvdiated paitides aie close to 
then dimensions in liquid solution demons¬ 
trate that the technique introduces minim¬ 
al artefacts and produces images of good 
contrast Cryo-electron micro.scopv of vitri¬ 
fied vnal prepaiatiuas appeals tf> he an 
important step in the election microscop- 
ists' quest to attain the ideal of observing 
living cells m natural hydrated condition.s 

R. A. Bhisey 

i>r lthi\ci/ IS a .Scientifk (if/het m the 

Uttrastruiturc Dirtsum uf tfw Cancer Rc*.ean'h 
histtfiiU' rare/. Linmbaa 


Drinking to one*s health? 

C IVILISATIDNS have fallen and wars 
won and lost, policies tormulaied all for 
alcohol Alcohol, in one form or the other, 
has always been used hv man foi its pleasant 
taste and allex'iatory properties. And often it 
lias been abused, with serious hialth con¬ 
sequences, cirrhosis of the liver (fatty liver) 
and cardiova.scular diseases, being (he com¬ 
mon ailments affecting alcoholics. 

Between the regular bingcrs and teetotal- 
Jers, a large majority con.sume alcohol 
moderately. This group has come under 
increased scientific scrutiny in recent years. 

Previous studies had hinted of a po.ssihle 
association betw'cen moderate alcohol in¬ 


take and decrea.sed incidence of coronary 
heait diseases, implying that it might even 
be henelicial In other words. afc»»hol was 
advocated to protect onesell Irom heart 
diseases Bui today this protective role is 
again undei review These studies aie based 
largely <>11 observations of levels of certain 
components of ciiculating (ipoproteins. 
I holesterol carriers in the blood Cholester¬ 
ol deposition m the blood ve.ssels is known 
to cause atherosclerosis or the hardening of 
blood vessels, eventually leading to heart 
diseases 

In normal human beings, plasma lipop¬ 
roteins are divided into three broad cla.sses 
based on the content of apoprotein B. the 
major structural prot^iin of plasma lipopru- 


teirF—chylomicrons, liver-derived lipop¬ 
roteins (VLDL or very light density lipopro¬ 
tein, 11 ) 1.01 intermediate lipoprotein and l.UL 
or light lipoproteins), and the huls, or 
(high density lipoproteins). Several studies 
have revealed that serum lipoprotein con¬ 
centrations arc stronglv predictive of the 
risk of coronary’ diseases. The incidence of 
coronary’ diseases has a positive association 
with LDL cholesterol levels. However, the 
relationship between the HDL cholesterol 
levels and coronary mortality is more 
complex High him cholesterol levels are 
associated with low coronary mortality. And 
elevated levels of circulating hdl observed 
after drinking alcohol were said to confer 
protective action. 

However, hdl is a complex lipoprotein - 
with twf) major subclasses: the less dense. 
^hdl 2 and the more dense HUL 3 . The former 
has been associated with a reduction in . 
coronarx’ disease while the r(*le of the latter 
IS not yet clearly understood Even factors 
like exercise and female sex hormones, 
known to reduce the .susceptibility to heart 
disea.ses, have t,m elevating influence on 
HDLj. But all these obserx'ations were made 
in subjects who drank heavily. 

A studv conducted at Stanford University 
on subjects who consumed model ate levels 
of alcohol revealed intcrestmg’resulls (The 
New England Joutnal nl Mcdianv 310 80). ; 
24 clinically healthy meh. who did not 
smoke hut who had an average of at least 
one drink a Jay. were randomly divided into 
two groups of 12 tcich One group con- i 
tinned vMlh ils normal drinking while the ^ 
other was tf>!d to abstain mr the first six | 
weeks of tlie Ir lal and then to v onlinue with 
Its usLi.)] drinking toi the next five weeks. 
Laboralor\' and other measuremenfs were j 
made in all MibiectN al the end of each j 
period It was found that those who drank j 
moderalelv (about 12 to 13 gm of absolute 
«ilcidiol per dav) inciea.sed then leveLs of ] 
HDi, and not uni \bstinence also reduced , 
(he HIM , le«el but had no effect on HDLj. 

This stiid\ ^learh questions the validity 
of the lailiei icports and the derived 
implications like nonexerciseis can main¬ 
tain the levels of HIM. similar to those of 
individuals whu mg regularly bv ingesting ; 
three beers a day ' 

Moderate drinkers mav still he left with 1 
the questum To drink or not to drink? 
Well under Situations which demand sound 
ludgements. quick re.sponse. etc. ahsti- : 
nence is advocated Otlierxvise. go ahead | 
and cheers till a new alarm begin.s to sound. 

B.S. Mah^jan 
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CONVERSING WITH 
COMPUTERS 


S. Anin-Kunuir R. Chandrasekar'' 
Kamal Lodi^ Paritosh Pandya 
R. Ramanujam 



L ast month we dehned a lan¬ 
guage for developing algorithms 
starting from their specifica¬ 
tions. We shall call this language 
Quintessential Programming Language 
<QPL) Qpl is not just a notation for 
expressing algorithms. The programs 
written in Ihi.s language can also be 
executed provided they involve only 
numbers, letters and certain other 
special characters. Though pulao can¬ 
not be made on a computer, qpl is a 
convenient language to express its 
algorithm. It is in this sense that mere 
algorithms should be distinguished 
from programs. 

Let us try to understand, broadly 
speaking, what we mean by a program. 

We are all quite familiar with the 
word state. Mothers are always com¬ 
plaining about the state of their chil¬ 
dren's rooms; people talk constantly 
about something being in a “sorry state 
of affairs", and so on. 

Let us now try to make its meaning 
more precise. Take a light switch It 
can either be on or off So we can .say 
that a switch has two possible states— 
ON and OFF We may also say that the 
state of a home library at any instant is 
the set of books that are on its .shelves. 
In a large library*, the position of each 
book matters too. In tins case its state 
is specified by the set of hooks and the 
rack on which they are stacked 

Similarly, we niay say that the state 
of the computer is tlie set of values that 
are stoied in its memory. The state of a 
program is given by the values of the 
variables in the program When a 
program is being executed its state 
changes from a given initial state 
through .M'veral intermediate states, to 
the desired final state In the case of 
interactive programs (where the user 
usually sits at a terminal and executes 
the program), the state may also be 
changed bv the user. These programs 
usually wail at certain points during 
their execution for the programmer to 
supply data. 

, Most of the programming languages 
I in use IBASIC. COBOL and koktrani are 
based on this concept of a program. 

I 
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High-Level languages 

A program is a sequence of instruc¬ 
tions which may be executed in a 
certain order. On a computer which 
does not offer any software aids to the 
programmer, it is possible to program 
only using binary numbers, the so 
called “machine language'. It is not 
only tedious to write a program in this 
way, but also extremely difficult to 
diagno.se any errors that may creep in. 
Also, if all programmers were to use 
only machine language, no software 
present in the machine is safe. If every 
memory location is accessible to a 
programmer, a program could thor¬ 
oughly mess up any other program or 
data present in the computer memory 
As for debugging, the programmei will 
have to keep track of large portions of 
memory too. That is, he/.she has to 
follow the state of the computer too 
rather than just the state of the 
program. 

Most computers, however, come 
with a certain amount of software. An 
operating system is u.sually available to 
allocate memory space to each prog¬ 
ram and .safeguards the system by not 
allowing programs to access certain 
crucial memory locations. So a prog¬ 


rammer needs to keep track of only the 
program state A few compilers are also 
usually made available. They permit 
the programmer to write programs in a 
more easy-to-understand English-like 
language. Such languages are called 
high-level languages. The language de¬ 
scribed below IS precisely one such. 

The quintessence of qpl 

E.ssentially, QPL consists of the 
assignment, the skip, the input and the 
output statements, as the simple state¬ 
ments (SCIENCE TODAY. June, 1984). 
The assignment and the input .state¬ 
ments are used to change the program 
state by changing the values of'the 
variable in the program. The input 
statement is the means by which the 
u.ser changes the state during execu¬ 
tion. The output statement is used to 
inform the u.ser of the results obtained. 
The only other statements in QPL are 
the compound statements -the condi¬ 
tional and the loop. 

The conditional statement i.s used for 
making a decision based on the current 
state of the program 

Most programming languages allow 
some form of this .statement. In certain 
languages the statement has the form 




FF condition THEN statement 
without having an ELSE>clau$e. The 
effect of the EI^SE-clause, however, 
may be achieved by other means. 

Note that the if-statement of qpl is 
really made up of the two statements, 
one immediately following the word 
‘t!ffen' and the other following the word 
'else'. Such statements are called com¬ 
pound statements. There i.s no restric¬ 
tion on the kinds of statements that 
compose the if-statemcnt. Each of 
Ihem could be a compound statement 
by itself. In fact, any two statements 
separated by a semi-colon could be 
regarded as forming a compound state¬ 
ment. We enclose the constituent 
statements of the if-statement and the 
while - statement (which we will short¬ 
ly describe) within braces so that the 
entire constituent may be treated as 
one single instruction. 

The following algorithm makes the 
point clear 

[IF there is bread 
THEN have sandwiches 
ELSE [IF the neighbour is good 
THEN [drop in for lea^ 

ELSE [borrow some money]]} 


Looping and its variations 

There is only one statement left from 
gpi. that we have not discussed—the 
while statement. All the statements we 
L have seen so far j/way.s terminate. In 
JT fact any program written using only 
; these will always finish execution. 
I however long or complicated the prog¬ 
ram itself may be. 

It frequently happens that in order to 
achieve a certain end result a few steps 
have to be repeatedly executed several 
times. For example, consider the fol¬ 
lowing program to find the sum of the 
numbers from.l to 100. 




In this program initially 1=1. So the 



An endlessly falling water column (?) 
The concept of a strange loop beautifully 
illustrated by the tiutch graphic artist MX. 
Escher 


.statements after the word '-"DO” and 
enclo.sed within “( )" will be executed 

till 1=101. Each execution of the state¬ 
ments within a while loop is called an 
"iteration". Suppose we had forgotten 
to write the statement 1". The 

while statement would then be ex¬ 
ecuted forever! That is what we mean 
by saying that a program need not 
terminate but an algorithm has to 


But in many problems the condition 
for termination is kmwn For example, 
in the program above e.xdctly 100 
numbers were to be added. In such 
cases, It is more convenient to use what 
is defined as a for statement. The above 
program would then be 



1 tp 100 veniofi 3*^ 


M to 100 00 ^ 

..{Sum«--Sum -hi); 

PriAt rSum of the first 100 natuyi^ 


nuiAbers is*', SumH 


Suppose we wanted to find only the 
sum of even numbers between 1 and ^ 
100 (inclusive). Using a minor varia¬ 
tion of the language we could write: 


Pvplnm **Sttm gf even mmbefi**.;<^ 
E^nsum ^ "A 

POR 14-2 to 100 STEP 2 DO ^ C: 
{J^veneum^-^venaum ^ I); ^ 

Print (*'Sum^of the even number 
between' l^nnd 100 is", Evensdm)}, ; 
The word 'step' indicates by what 
continued on page 51 
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AcHvithi of an organhaUon represented aa procedure calls 


^ntinued from page 49 
amount 1 should be increased for each 
iteration. Here I can take the values 2, 
4, 6 etc up to 100. Can you guess what 
would happen if the 100 in the for— 
statement above were replaced by 101-' 
Most modern languages allow both 
while and for statements. In fact sever¬ 
al variations of these arc provided to 
enable the programmer to express the 
program a.s conveniently as the prob¬ 
lem dictates. But m some of the older 
languages, notably roRTRAN and BASIC 
the only method of iteration is by 
means of the for statement (called the 
“DO statement" in FORTRAN! In fact the 
while statement is more general, in 
that It allows a programmer more 
freedom, but at a premium, namely 
the risk of non-termination. For exam¬ 
ple, the program for substituting the 
word ‘bloody’ by ( below ). could 
not have been programmed easily by 
using just the for statement. Of course, 
FORTRAN and BASIC do allow other state¬ 
ments with which such problems can 
be programmed, but the programs thus 
written are generally not as clear as the 
programs written in QPL. PA^CAI.. ada 
etc 


not end cf • ^ lilGr 
from "TEXT . 

If' (word <* “WpodjfV 
W {T*r(nt 

Elw (Print 


The variable here is word Ttie actual 
characters are distinguished from the 
variable names by enclosing them with¬ 
in quotation marks 


r ograms within a program 

We have already pointed out that, 
often, a large problem cannot be tack¬ 
led at one go. It becomes necessary to 


break it up into a number of smaller 
problems (sub-problems). Each of the 
sub-problems is solved and the solu¬ 
tions are all put together to yield the 
solution to the large problem. This, in 
fact. IS the mam idea even in school 
geometry. Often a theorem is not 
directly proved. A number of smaller 
theorems called ‘lemmas’ are first 
proved and the theorem is then proved 
with the help of these. One obvious 
advantage of breaking up a problem 
into several sub-problems is this it is 
quite likely that someone has already 
solved one of the .sub-problems in 
connection with an entirely different 
problem As an example, say. you want 
to write a program to find the standard 
deviation of several numbers. One of 
the sub problems you need to progiani 
IS for squaring a number Suppose 
some one has devised a program to find 
the value of pi (to several digits) hy the 
.senes expansion method 

TT /b " 1 I- t.'4 -F 1/9 -F 1/lf) + 

which also requires to find the 
square of a number Then the easiest 
thing tt>r y(»'i to do is to copy this part 
of the proi^ram for your job. But it may 
not be always easy tr. do this You may 
have to make several changes to suit 
your problem 

But. perhaps, the most important 
advantage of writing large programs in 
♦his manner's that to understand the 
program (possibly in order to debug it) 
it is usually necessary only to know 
what each subprogram does and not 
how It works. In diagnosing a faultv 
program, the error can usually be 
pm-pointed to some particular proce¬ 
dure If a car does rot stop when the 
brakes are applied, the mechanic will at 
once check the hrake.s and the brake- 
Imings. If the car cannot be reversed, 
then something is wrong with the gear 


system and not the engine or the 
steering. 

A progiam usually consists of several 
sub-programs (they are also called 
“procedures") and a main-body. The 
main-body performs the task of putting 
the various solutions together. While 
debugging a program, it is nece.ssary to 
find out what each procedure does and 
check that the main program is correct 
under the assumption I hat every proce¬ 
dure IS coirecl with respect to its 
specification If the main program is 
found to be correct then you try to 
guess which of the procedures could 
have an error.' 

FVoceduics are used to separate 
logically different activities and main¬ 
tain the clarity of the program. Every 
programming language supports proc¬ 
edures Without them it would be very 
difficult to write realiv large programs. 

Recursion 

Do you know the secret of living to 
he a hundred'' It is quite simple. First 
live to he 99 and then be very, very 
careful during the ne^l 12 months 
An example of recursion -got it? 

If not, cor'.sidcr this suppose you 
have a b(jok of 1.0(10 pages and are 
tA'ing to get to page 274 This is how. 
probably, you would go about it. 

• I open the book randf»mly at page p, 
between 1 and 1.000 
II if p-'274 (hen lepeal (he above 
process for juges I lo p-1. otherwise, if 
p'-*274 then repedf (he above pn)cess 
for pages pI to 1 000 
otherwise, vou an* at the right page 

What have we done here^ We have, 
essentially, solved a problem in terms 
of a smaller version of the same prob¬ 
lem If you had only page 271 m yf»ur 
range the problem is trivially solved. 
Many problems and definitions in 
mathematics are recursive. An example 
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of this is the tacloruil lunctinii 
What IS meant hv facl(»ri,il this 
lactorial \ 2 < W ^ A <5 

A neat way of deliniiijj this fuin lion is 

if (\ -n) then 1 

else { If f < >0)J then 
X ' - \ (x-l)' 

Try prograrTimiiig this with a simple 
FOR statement 

(It IS not always easy to program such 
problems with a FOR or WHILE state¬ 
ment). 

Most modern programming lan¬ 
guages allow for recutsion as it forms a 
natural way of expressing certain oper¬ 
ations. Moreover, it is also heavily used 
in mathematics. No doubt, a program 
could be written without recursion, but 
it will involve adding several new 
variables. Secondly, the transformation 
from a recursive program to one with¬ 
out It IS not automatic and wavs and 
means of achieving it are still under 
way. 

Fortran or Cobol? 

We have presented the structure of 
QPL. because it expresses the quintess¬ 
ence of programming languages There 



‘*Hand Reflecting a Globe’’ by M. C. 
Escher, An elegant expression of recursion 


arc hundreds of programming lan¬ 
guages. mostly based on the concepts 
we have exposed using OPI. The differ¬ 
ences betv\'een any two of them is more 
apparent than real (at least for small 
and moderate-sized programs). 

Yet the reader could quite justifiably 
ask. If all programming languages are 
really the same, e.xcept for minor 
changes (as in dialects), why do we 
hear that kokipw is good mostly for 
scientists, conoi tor data protessing 
and s(> on and so forth'-'* The answer is 
straight fonvard. If you w'ish to write 


scientific programs in COBOL, go ahead 
by all means. Data processing is also 
po.ssible with fortran But once you 
start doing it. the difference becomes 
evident. The preference for one or the 
other language is due to the vastly 
different support facilities the two lan¬ 
guages offer you. \ 

We elaborate on this point through 
an example, cokol for in.stance, has a 
huilt-in report-writer facility. In busi- 
ne.ss problem.s, along with the proces¬ 
sing of data It IS usually necessary to 
prepare reports in certain specified 
formats. Since this activity is a neces- 
sdr>' part of the environment, the 
designers of cobol have thoughtfully 
provided a facility for preparing'such 
reports, as an integral part of the 
language However, .such a facility 
could equally well he programmed in 
any other language So a report-writer, 
it needed with FORTR/\N. will have to be 
explicitly programmed It is a waste of 
time and effort as it is already available 
in COBOL 

Similarly fortR/\n offers a library of 
.subprograms with trigonometric func¬ 
tions. logarithms, high-precision arith¬ 
metic, and various other facilities 
which are useful for .scientists and 
engineers, afl is used by engineers who 
have to deal with large matrices and 
operations on them, because it pro¬ 
vides these facilities as an integral part 
of the language However, as we have 
already .said, uh of these support 
facilities can be programmed in other 
languages as well. 

But the situation is different for very 
large programs (containing more than 
lO.OOO lines). The concept of prv)ce 
dures is found to be insufficient for 
their development nece.ssitatmg new 
concepts There aVe several problems 
which cannot be conveniently express¬ 
ed in terms of program states (though. 
It IS certainly po.ssible). For .such cases, 
new programming concepLs—other 
than the program state- -have evolved. 
But that IS quite another story. □ 

Tbe authors are \tsthnQ St at the Nation-* 

at Centte for Software Devehpmeni and Com¬ 
puting Techniques f\CSDCT), Tata institute ot 
Fundamental FesearcK Hombay, 


The pipe in a twice-nested painting somehow looks less real by /fene Magritte 
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Odour- and decay-causing bacteria 
grow in food particles trapped 
between your teeth 
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*‘‘The Cloister’s Pale: A Biography of the 
University of Bombay." By Aroon Tikekar. 
Somaiya Publications, Bombay. Price Rs. 200 



In the year 1857 — the annus trisUs 
— the hopes for the liberal En^llish 
education for Indians materialised 
with the setting up of the University of 
Bombay. In many ways the rise of 
Bombay as a tfreat modem metropolis 
parallels the growth of the University 
which has been portrayed by Dr. Aroon 
Tikekar, Reference Chief, The Times of 
India Group of Publications, in an 
Informal histoiy*. Dr. Tikekar has 
drawn upon a wide range of source 
material and splendid old photographs 
of the city and its University. 

We present an excerpt on the setting 
up of the Royal Institute of Science 
and the University Department of Che¬ 
mical Technology from this fascinat¬ 
ing book which is bound to be wel¬ 
comed by social historians 

I F Sir Richard Temple IkuI siKCCSsfullv 
introduced a special Jejircc in Si icnce in 
the year J8S2. I^ord Svdenh.irn hjtl 
an equal interest in thi ■.Mnvioprnent m ihe 
teaching? of science The Kova! hulitiite ut 
Science wa.s hasiLallv hi^ idea Me had made 
an appeal lor liilp tiu the study and 
teaching of scieiuc in the I'nivcrsity of 
Bombay The appe.il met with ins tan 
taneniis suicess In .Vhm^dahad So Chi 
nuhliai Madhavidl Itie Ursl Ranmer. made 
liberal pnwi.sion lor IIil' i^slahlishnuMit ol 
the Madliavlai Randiodltil Si k’ni e liKstitute 
In Bombay, a nunibei ot donors came 
forward to support the lausi* and n-ahsed 
Lord Sydenham s dieam and -o wus estab¬ 
lished the Koval Insiilnlf ot Si itMke wMhin 
the Cowdsiff Jvhanghii'i If.ill In all Rs 
JS.TS.UflU - were lolli-iteJ (oi Ihe (iistituU 
and K.s 1 no.unn - lor tiu- Mail. t»iu ot whuh 
the corilrihutinn «/! J L'lujsp-i' lehanqlior 
the son ol So (’nwa'.iee i»‘lian|jMiti ua', R- 
|oi till and a sep.iiaie 

don.'itKMi ot Us l.T"! HUM 'or loiiiliiiehng 
and eiimppm^ the Mail wlnui bear' hi.> 
iwme lie luithei donah’d a Mjiri .•! \<> 
75.UUH lor its iTiainten.iiUe Sir liir >h 
Sa>soi»n donated K' IMmmmmii wh’le ‘ ir 
Curnnihhoe (Sidhirii d(«ntit'\l U> 4.nU Udn 
Sir \asiaiiii Truumn v.avi' l\s. '.J.Ji.uuu 
forbuildinpci libran loi Iht Koval husliliiie 
The .shart ol iIk i.overnnienl of Bomhw 
wab Ks T).Mil.Ml If I 

The building oi the Institute althougfi 
ready, eould not be usid i‘V the Institute lor 
soTiie years it uas lilted up as a lli»spital 
and was called liie (ier.iral Kieemaii Tho 
mas MoiipiUil for the soldiers wounded m 


The UDCT building in Bombay 

World War I. The (nstitiite along with C J. 
Mall was formally dei-lared opened on 27lh 
March. 192-4 Many members of the Cniver- 
'iitv wanted the Institute to he conducted by 
the I ruversitv a,s a pfist graduate depart¬ 
ment for study and r^.search in Sciences In 
pursuance (d a resolution oi the Syndicate. 
Sir Chimanlal. the Vice-Chanteilor addres 
sed a letter (.'hd July 1919) to Ciovernmerit 
plating before them the ideas of the Univer¬ 
sity The decisifni of the Government on 
this issue w.is deferred for long Instead of 
attepting the Lniversity's suggestion, the 
tjoeernnient m December 1920, applied to 
the L'niversitv t(*i affiliation ol llie Institute 
lor lire B Sc depr'ee 

The Senate at ita inttlrng on )9lh 
.August 1922 .'efused affiliation and passed 
the folio'ving resolution- 

"riuif Government be informed that the 
SenatL Is strongK of Ihe opinion that an 
li^tilntion V) l.heiallv endowed as the 
K I .S should pMm.itiK be a pf»st-giaduate 
KeMs'ULh Insliliite allorJing ample (acili 
lies. N.lft pure and applied, and providing 
.tiii‘i(Liafe instiuition lor Miih graduates in 
Si leoi »* .IS desire lo ohlain f he M Si degree 
of fill* I niver^tx b\ reasim of onmnal work 
of a liij.li oid,.r or b\ MibmitliTig to tin 
presiMhtd e\aminzihon. and also for others 
who from pure Iom ol .sueim, wndr to do 
reseaiiii work with ut .inv inlenfion oi 
proi.eedni)L: to a degiee 

That tin I ni\ersit\ m.iv at an earlv date 
be entrusted loiJer proper salt guards with 
the management eonliol and dirt».tion ol 
Ihe liistitute that it mav fulfil its natural 
fuiiLftoTi and be l.ivoured with as liberal 
g'lVirnmenl ci»ntrihuth ns as the ITiiversilv 
College f>f Science. CaUulla 
'Ihe C.overnrTierrt of Bombay, in a lefter 
dated Sfh November, 1922. accepted partly 


the lecrrmmenddtion of the .Senate As 
regards its control by lire l'niversitv. the 
Government argued that 
"the donor'- of the endf)wmenls of the 
Institute have recently communicated to 
Governmenl their express desire that at no 
lime in future should the control of the 
Institute he transferred to the Bombay 
rniversily or to any »»ther hndv ' 

The University had ni» choice but to grant 
affiliation to the Koval Institute 'Phis it did 
in 192r>, mifialiv for five years but not 
before reiterating that the mam functions 
of the Institute as a place for research work 
and advanced science teadiing would he 
kept Lon^ta^tl^ in view And it has done so 
till today 

T MK I'niversily next ioc»k up the niattei 
ot a sihool of Chemical leihiiologv A 
Committee was appointed in 1921 with .Sir 
M Visvesvarava as Chairman, !o consider 
the extension of technological education in 
the Bombay Presidency The Committee 
recommended that Ihe Faculty of Technol- 
gy be m.stifuted in Bie I niversitv of Bomba'* 
and lhat a College •)! 'lec.hnology he estab¬ 
lished in the city of Bomhav Another 
thirteen years had to elapse till Ihe Depart¬ 
ment ot Chemical 'Ik hiioNrgy was .stalled 
and anolhet eight veai.s lo lav (he fouiida 
lion stone fif a building of it.s own Sir 
Roger Lumle\. tiovernor ol Bombay laid the 
foundation-stone on 17lh March. 1941. 
Several donation.s amounting to Rs 
.10.70.(1(19/- (rum variou.<t donors had been 
received by the l'niversitv. Sir Ilomi Mehta 
alone contributing Rs 7.00.d00/- Through 
the efforts of Sir Vithal Chandavarkar, the 
l/mver.sitv secured for the Deparfment Rs. 
4.0:i,000'- from Ihc Bombay Millowners* 
Association. 
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Our life is two-fold: Sleep hath its 
oum world, 

A boundary between the things misnamed 
Death and existence: Sleep hath its 
oum world 

And a wide realm of wild reality. 

BYRON, from "The Dream " (1816} 

docs not know the “wide, wild 
YV realm" of sleep? Night after night, 
.swaddled in dumb dark, we drift into this 
“twu-fold" world, on a soporific sojourn 
that occupies a full third of our lifetime. 

Sleep has a two-fold character in more 
senses than one. Peiiods of light and deep 
sleep alternate with some regularity appro¬ 
ximately every one hour and a half During 
these light sleep mters'als the eveballs move 
behind closed eyelids, as if watching some¬ 
thing The muscles of the middle ear are 
contracted as if listening to something 
Also, the brain shows signs of intense 
Jactivily This is the so-called rem sleep latter 
>/.irid eve movement which is its salient 
character) 

It has now been established that mu.st ot 

• iLir dreaming activity occurs during kfm 
‘ kop. IP w'hich the Inghlv visual, intuitive 
nghi half ot the brain is freed from the 

• lominance of the rational left iialf 

Says one sleep researcher “If it were not 
lor the operation of inhibiting mechanisms 
.11 tfie brain during ri m sleep, we might act 
out our dream.s . It is probabiv our good 
loilune that our muscles cannot respond to 
.:II those visual cues exploding across tlic 
brain " imagine iPvleed chasing that lu 
s.lous nymph into that scarlet wo<id Im- 
W^ine trying to ride ail thos,f wishes. <»r 
»L.nnmg away from the fiends, rhosc weie- 
vvolves which M>metime.s malerialis*' into 
our nightmares' But that does noi answer 
I he question why we dream ' 

Theories of dreams abound The latest 
I‘lie from Francis Crick and Crahame 
Mitchison, iSCIENCh) TOD.W lanuary 
says that dreams arc a sort of a 
J-riugging operation carried out b.' the 
iMman cumpuier to rid itself of glifclies oi 
I'otentially harmful associations. According 
'o this theory then, recalling your dreams 
■^loes you no good at all Psychoanalysts, an 
»ou listening'’ Kven if vou are not, doe^ not 
■ Ilatter For recalling, even retording. ot 
dreams has been going on for thousands (;f 
'v«rs—long before Freud’s entry into the 
uWiif Ahd this interesting activity is likely 
to! Continue unabated de.spite what t rick 
n/dv have to say. Can you forget that lovely 
Jn-am lunch with your favourite friend? 
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Nor can you forget that nightmarish night 
in the harem But lokes apart, the record of 
dream experience.s does make fascinating 
reading This is provided by Stephen Brook 
in his anthology of dreams. You have a 
veritable bank of dreams here to draw upon, 
and that ton dreamt by a veritable who.s 
who. Here is a random sample. Don't close 
your eye,s' 

KVELYN W'\i C.H ‘Vodka gives one marvel¬ 
lous dreams I have di.scovered. but prex enls 
one from sleeping (stc) Fveiy nigfit lately I 
have dreamed liixurmuslv but slept ill 
KOliERT HI RRIl K “I dream’ed we botlj were 
in bed/Of roses, almost smothered The 
warmth and sweetness had me Ihere^Made 
lovingly familiar. 

V\li 1 lAM HA/i n “1 never drc.im of the lace 
of an> one I am pdiliiiiLily attached to ’ 
\sTRiMR‘'H'lii s "To be dead (in dr cams) 
announces Ireedom from anxitfv ’ 

SAM\»AiN.\ ' Nothing lonici be 
madder, mori iiiesponsibiv. inoic danger 
ous than this gnidciiicc'ot Tne»i bv dream'* 

* Stephen Brook has dravVn on diverse 
sources to conipiic his reaJahk anlhologv 
But as he makes ».leas m the inHoJutiinn, 
his book iloe.s not iMnljin nianv e.Mir.ple^ (»f 
dream inteiprtlalion mo'st'jtfbi dre.irnssn 
the book are insl.ince^ of the literary 
cxploitafKin of the dreani experience Savs 
Brfiok. ‘iBcctiiise) dream» .i»- regarded a.s 
heyond our Corisdous cr*nti"' they are 
often made in lilerdtiire to cnnvev ’nforma 
lion or dfcsire^ tluif. if '‘vert, might be 
regarded as prepo'-terous. psvthologicalh 
inijcimissible or in some •ilhtr way suhver 
sive of fiur sense ot normality Cnpinned 
even by rudinientars' notions o! time and 
space, dreams float or flash bv, leaving in 
their wake trails ot unease, hopes, fears, and 
anxieties. It is .scarcely surpri.ang that these 


uncontrolldble companions of our sleeping 
hours ofier a rich resource to the poet or 
novelist, for the ver>' absence of rules that 
chaiaLtercses drcMms means there is no 
limit to the possibilities of invention and 
signification at the writer's disposal " 

For all Its unrwiy nature. Brook has 
imposed some order upon his "dream 
material" The honk is divided into three 
parts. The first part dwells on “the great 
inescapable eipenences' that are common 
to us all childhood, love, sex and finally 
ilealh. Part two contains not so much the 
grand themes of Jiving and dying as the 
more taiigihle features of the world around 
us food, animals travel and the natural 
world creativity, violence and happv en¬ 
dings The fiiicil seitifin tries to come to 
terms with the cerv pci nhantv of the dream 
expirieiiie, the lieadings of the subsections 
are liktK !(• give some idea of Ifie material. 
"Into Sietp 'Nightmare , The .Absurd". 
‘T'rdnsloimdtions and Frustiatmns', In 
terpretdtions . and firullv “W.ikmg 

VVhichevei section vou ilmose to hiowse 
IT', \t)>i are hound Imd something to 
illuminate', to laiilalise. to perplex and to 
delight voui mind "'Ir.iveller repos** and 
drean among iti\ leaves says William 
Blake a! Ihi beginning *11 the prologue to 
the bofik wliii h ^eems destined to bei (Fine a 
ekissii I would oiiK ihange the frai't/Jc*/ to 
rctiJci llapp^ driaiiiing’ 

Vithal C. Nadkarni 

The Oxford Book of Droams 
CboMii by Stephen Brook; Published by 
Oxford University Prtse; 

Price X8.95. 
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Is lithium a new incarnation of the dwarf god Wamana 
to push down mighty King Baiis of today? 


RfNiourGM lor tomorrow 


I N the early davh of 19if) 

the savage homhinii nl llirushinia 
and Nagasaki brought an end t<j the 
hostilities of Woild Uar II The 
Americaib were naluTallv lubilant. 
They novv enioved an undisputed 
monopoly over the most destructive 
weapon ever devised hv mankind hut 
this euphoiia was short lived In Au¬ 
gust barelv lour vears alter the 
dropping ot the tiist atom bomb. Amer¬ 
ican aircraft brought with them incon- 
trover.sible evidence erf an atomic exphp* 
Sion somewhere m Soviet Asia The 
Americans reacted to this event in a 
predictable manner. Joe I. as the Ku.s* 
Sian bomb was nicknamed, vv(»uld have 
to be trumped by a ‘Super’ bomb Work 
m this dnection was immediately miti 
ated under the leadership ot Kdward 
Teller The Inst ‘Super was successful¬ 


ly exploded in November, llr.52 The 
device was based on the thermonuclear 
reaction between deuterium (D) and 
tritium (Tl. the two heavier isotopes of 
hydrogen. 

Since tritium had to be maintained 
at a very low temperature by means of a 
rather heav\' freezing apparatus, the 
whole contraption weighed about 65 
tons' Kftorts were therefore immediate¬ 
ly on for the production ot a lighter 
version. The crucial ‘candidate’ for this 
purpose was littiium. Here again the 
Russians sprang another surprise. In 
Aiigu.st )9:Ti, they already carried out 
the detfjnat'on ot a Jr>' bomb based cm 
a ligtiter isotope ot lithium and the race 
was on' The lightest metal thus made 
possible the construction ol the might¬ 
iest weapon, a LH) megaton hydiogen 
hnmb -a Ihou.sanci times more des- 


Hydrogen bomb 



f)l ,i su’miIil iI nuiss 'il Ihe lis-iinr'.- 
ahle i‘l ht.iniiiiit I' 'j.lj It i'. 

sLinoiiiiJri li\ . bliinKLt nt IiIImhiti 
deiilende 'Ihh i >'rjrdU'd from .1 nng 
of high }>\ ail e\iK’Ul.'d ‘pate 

Tlie di’tonatinn •.! >vinnu't!ic.''llv 
arranged thcmkal i\pll^v.^vL^ M-ts nut a 
ctrmpressKin ujvt: .uul makes U LM5 


lission hnmh creates I tie tiigli temper a- 
tiJii neiessary tf» initiate the thcimu- 
nucleai reaclinn in lithium deiiteride 
I lie last neutron" dLCornpanying the 
liision energy release, bung ahou* lis- 
sion of the shield compounding 

the explosion energy to the megaton 

R.M.S. 


tructive than the first atom bomb! I.s 
lithium a new incarnation of the ‘dwarf 
God Wamana to push down into obli¬ 
vion mighty King Balls of today? 

Strangely enough lithium salts are 
also finding use in an altogether diffe¬ 
rent area in curbing maniac depress¬ 
ion of psychic patients. ^ 

Discovery and extraction 

Lithium was di.scovered in 1817 by 
the Swedish chemist Ar^’fedson. His 
repeated attempts for the complete 
analysis of the mineral petalite invari¬ 
ably led to a total of y6 per cent and no 
more' The only plausible solution to 
his dilemma was obvious Me had 
discovered a hitherto unknown ele¬ 
ment which was responsible for the 
missing part m his complete analysis 
Unlike Its clo.se relatives .sodium or 
potassium which were first di.scovered 
in the plant kingdom, lithium was ' 
lound in a mineral and therefore, at the 
suggestion of his boss. Berzelius, 
Arvfedson named it lithium (from the 
Greek word lithos meaning stone). It 
was much later, in 185.5, that the pure 
metal was isolated by Bun.sen in Ger¬ 
many and Davy in tingland by the 
electrolysis of tu.sed lithium chloride. 

Lithium IS Ihe first in a senes of 
highly reactive group of elements cal¬ 
led the alkali metals But it is much 
le.ss abundant than its ne.xt two con¬ 
geners sodium and potassium. < 

The mo.st common lilhim ore in I 
North America is spodumeiie 
(LiAlSijOf,) Substantial quantities of 
lepidolite (LiKAkiKjSi)()(J and petalite 
(LiAISi 40 ]o) are found in Rhodesia. 
Arnbligonite (LiAlFPOj) deposits exist 
in Kurope and South America 

In the alkaline process of extraction, 
the ore is ground and calcined with 
about three parts of limestone to one 
pari of lithium ore at 90()-1000'‘C 
Water leaching of the product yields 
lithium hydroxide which is converted 
to the chloride by reaction with hyd¬ 
rochloric acid 

Dry lithium chloride is the feed 
material for winning the metal by the 
electrolytic process A molten mixture 
of lithium and potassium chlorides is 
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electrolysed at a voltage of 8-9 volts and 
at a temperature of 4()0-420"C The 
metdl collects at a steel cathode en¬ 
cased m an iron gauze diaphragm. 

Lithium IS a soft silvery metal, much 
lighter than water and highly reactive.* 
It can combine with oxygen and nit¬ 
rogen (two maj«)r components of air) at 
room temperature. The initial pnihlem 
was therefore to confine this boisterous 
kid in a suitable cradle If kept in a 
glass vessel with a stopper, it readily 
combines with the air present creating 
a vacuum. Then the only way to open 
the .stopper would he to break it. Like 
Its elder brother, sodium, lithium can¬ 
not be kept submerged in an inert 
liquid like kero.sene. Due to its light- 
|pess. It can pop up to the surface and 
burn. The only way of keeping it under 
restraint is to embed it fully and firmly 


in paraffin wax. 

Lithium, because of its softness and 
reactivity has practically no utility as a 
structural or engineering material. Its 
compounds, however, find innumer¬ 
able u.ses in industry and laboratory, as 
well as in a variety of fields having to do 
with submarines to automobiles to 
rockets' 

Light is might 

Lithium and its compounds owe 
many of their applications to their 
lightness which results in a higher 
yield per unii weight. For exam¬ 
ple. lithium hydride is used as a 
portable .source of hydrogen. One gram 
of lithium hydride would produce 2800 
ml of hydrogen. A small pellet of the 
hydride on contact with water instan¬ 
taneously releases sufficient hydrogen 


to inflate re.scue facilities such as 
inflatable boats or life jackets. 

Lithium perchlorate has been sug¬ 
gested as an oxidiser for .solid prop¬ 
ellant rocket mixtures since it can offer 
a higher percentage of available oxygeii 
than any other perchlorate. Lithium is 
also a strong contender as a rocket fuel, 
material The normal rocket fuel is 
good old kerr^seiie and has a calorific 
value ol 2,300 kCal per kilogram, 
whereas lithium is capable of releasing 
10,270 kCdl lor each kilogram. A 
homogeneous propellent made b> dis- 
.solving ethyl lithium LiCML, in con¬ 
ventional hvdiocarbon fuels pnMTUses 
better performance than that of pure 
metal. 

Tnhydrous lithium hydr(»Mde is an 
efficient absorber of carbon dioxide and 
IS u.sed fi>r atmosphere regeneration in 
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submarines, l.ithium halides t«)rm con- 
ccntraled brines having the abdilv to 
absorb moisture over a wide tempera¬ 
ture range and are used in Lommercial 
air conditioning svstems 

Alkaline stoiage halteries iKdison 
cells) use sodium oi potassium hydrox¬ 
ide solutions as the electrolyte. Small 
additions of lithium hvdroxide to the 
electrolyte intreases the batterv’ life to 
over three limes These batteries also 
remain serviteahle over a wider tem¬ 
perature range (4 40''C to -20'C). 

Lithium based secondary cells are 
coming into prominence as batteries 
with hiK-h specific energies, which 
make them ideal for vehicular traction 
or stationary storage. A cell based on a 
molten eutectic of lithium and potas¬ 
sium chloride and electrodes made of a 
lithium aluminium alloy has an energy 
density of about 400 Whr/kg as against 
15 Whr/kg for the common lead acid 
battery. The lormer. however, require a 
much highei temperalurc of operation 
(- 400 V). 

Lithium IS very valuable in making 
superior quality porcelain. Lithium 
ceramic materials have very high heat 
resi.stance and are used in coatings foi 
rocket nozzles and combustion cham¬ 
bers to protect them Irom damage 
caused by the high energy lithium 
roekcl fuel described earlier. Yet 
another case of setting a thief to catch a 
thief! 

Due to its small size, lithium ion has 
a high polari.sing power Lithium ion >o 
strongly nolarises its c»»-ion, lhat theie 
IS an appreciable electron density be¬ 
tween the nuclei resulting in a bond 
laigelv covalent in cfiaractei Thus LiCI 
IS more cuvdlent and soluble in non 
polar sohvnts c(HTipaied to (ilher alkali 
cldoiidcs I.iihium thus forms a large 
number of dlkvls where lithium is 
directly hnniUtl rn carbon Thc.se cov.i- 
lent (nga[:on»'.*T .llic compounds exist 
as liquids o] Utw .oiciting solids, soluble 
in organic miIxvuIs and are extiemelv 
useful as homo^'cni tnis calalvsls in Itie 
stereo specific polymerisation It can 
thus polymi'risi isnprene to cis 
polyisoprene which i*. the exact slruc- 
- tural counteipait of natural rubber 
where all the methyl I Cl I.) groups in 



Lithium i$ a strong contender ss a rocket 
fuei msteriai 


the monomer stick out in one direction 
only. 

Another important lithium com¬ 
pound lb lithium aluminium hydride, 
soluble in ether and useful tor reduc¬ 
tion of a wide range or organic com¬ 
pounds-—aldehydes, ketone, ester and 
acids—to the corresponding alcohols. 
The advantage is lhat it does not touch 
the double bonds in the original com¬ 
pound and gives very good yields. One 
such important reaction is the i educ¬ 
tion of vitamin A to acid vitamin A. 

A compound of major industrial 
importance is lithium stearate used as 
a thickener for lubricating greases. The 
lithium based lubricants enable vehi¬ 
cles to operate even in polar regions 
where temperatures are as low as 
-60'C. Futhermore. once applied they 
can last to the end of their service life 
These all-purpose greases have cap¬ 
tured above one third of the total 
automotive grease market. It must 
however be remembered that all 


Flame photometer 

Lithium salts impart a hiight scarlet 
colour to a flame The theimal energy of 
the flame excites the 2s electron to the 
higher 2p state, which, while returning 
t(t the original stale, emits a charai teris- 
tic nidiatiun at h71 nni The intensity of 
thi.s radiation is a measure ot the 
concentration of lithium This method 
enables us to estimate a.s low as 3 k 
H) 'iig nf lithium per ml The instru- 
menl used for the purpose is called a 
flarne photometei A solution containing 
traces of lithium is aspirated inlf> a flame 
at a 1 onstant rate The light emitted hv 
the flame is pa.s.scd through a prism to 
isolate the wavelcnglti ot interest Kailia- 
tinn «>f llie specific wavelength falKs on a 
phototube Here the light intensity is 
converted to an eleclnral current which 
IS measured by a sensitive galvanometer 
'I he galvanometer deflection is directly 
proportional to the concentration oi 

lithium in the sample solution.. .. « 

R.iyi.o 


lithium salts are much more costly 
than the corresponding sodium or 
potassium salts. 

Fusion energy 

The discovery of radioactivity 
sparked the hope of harne.ssing nuclear 
energy for our benefit. The hope was 
further reinforced by the development 
of particle accelerators. The high ener¬ 
gy projectiles emerging from these 
machines could initiate nuclear reac 
tions which are accompanied by large 
energy releases. The first such promis¬ 
ing reaction involved the lighter iso¬ 
tope of lithium. Li-6(See fig. 1) 

An accelerated deuteron of 20 KeV 
could bring about this reaction produc¬ 
ing in the bargain 22.5 MeV, a 
thousand fold gam! The only snag was 
that only one in about 10'^ higfi energy 
deuterons was successful in reacting 
w'lth lithium 

The second world war witne.ssed the 
emergence of nuclear energy m its 
devastating form The energy ieled.sed 
in atomic fission was later harnessed in 
nuclear reactors to produce useful 
electrical power. Fi.ssion energy has 
however proved to be a high risk 
energy because ot intensely radioactive 
fission products produced as a by 
product The next attempt was directed 
towards taming the much greater ener¬ 
gy of the hydrogen bomb, the so-called 
fusion energy released in thermonuc' 
lear reactions as happens m the *Sun 
and the stars Advent of controlled 
fusion energy is de.scribed as an uncer¬ 
tain certaintv It is certain to come but 
it IS uncertain a.s to when ^t would 

The reactor concept for u.sable ener¬ 
gy release from a controlled thermo¬ 
nuclear reaction is ha.sed on the deuter¬ 
ium—tritium Il)-Tl reaction because of 
the lower temperatuie nece.s,sary for it.s 
Ignition (See fig 2). 

The tritium required is neither avail¬ 
able in nature nor can be manufactured 
in quantities needed. D-T power reac¬ 
tors will then he required to breed 
tritium (like polutonium in a fission 
reactor). It is here lhat lithium plays 
the key role as a breeder. Natural' 
lithium has two isotopes Li-6 (7.4%) and 
Li-7 (92.6%). Li-6 can react with a 
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thermal neutron with a high prohabih 
ity to yield .tritium (See fig. 3) 
Tritium produced fuses with deuter¬ 
ium releasing large amounts of energy 
and a neutron which can react with 
lithium- 6 as shown in the above 
reaction and sustains the chain reac- 
tii^. Because of the large relative mass 
(liFerence enrichment of lithium - 6 is 
not likely to be a very difficult task. 

The use of pure lithium (or its 
compound or alloy) as a blanket mate¬ 
rial has been the central idea in virtual- 
iv all D-T reactor design studies. In 
addition, liquid lithium or some mol¬ 
ten lithium salts which have favourable 
heal characteristics offer the possibility 
of combining both blanket and coolant 
functions (liquid lithium has the 
largest temperature range). The free 
world reserves of lithium amount to 
1 2.2*1()' tons If fully and efficiently 
' used, they would satisfy our energy 
needs for another 2()()() years 
Lithium IS also very thinly disti'. 
buted in .sea water (17f) umg/litre) and 
in granitic pegmates. It, in the mean- 
lime, we succeed in, extracting lithium 
from these practically inexhustible 
sources the world need no longer worry 
about its energy requirements for all 
limes to come. 

Lithium IS considered as a non- 
es.sential trace element which fulfils no 
known biological function in the hu- 

^ Lithium aids thermonuclear fusion 




I_ lithium + deuterium 2 helium + 22.5 Mev 

Fig. 1 ~ 



Pig. 2 



Fig. 3 


man system,but for a long time lithium 
has been used in medicine as an 
antidote for gout. In large amounts 
lithium IS toxic being even fatal at 
times. But smaller doses otallv admin- 
stered have been found useful in pre¬ 
senting or reducing manic-depressive 
disorders in human beings. About one 
gm ot lithium carbonate is adminis¬ 
tered daily in such cases and is raised to 
about 1.8 gm for acute .cases. The 
treatment has to he accompanied by 
continuous monitoring of plasma 
lithium levels (10 to 15 pg/htre). An in 
crease in this level will bring about 
toxic effects like tremors, diarrhoea 
and vomittmg Lithium in hlood plas¬ 
ma can he rapidlv and easily estimated 
by a simple spectroscopic technique 
(see box on p 58). 

Lithium occurs as a trace consti¬ 
tuent in different article} of food. Large 
amounLs are present in tabacco leaves 
and crude se? .salt and mineral waters. 
The dail\ intake of lithium in Indian 
population has been found to be be¬ 
tween 75—150|jg a.s against 45Mg for 
people in the west. The low incidence 
of manic depressive psychosis (MOPiin 
India may be related to the higher 
intake of lithium through the above 
‘routes. Tobacco chewing may cause 
oral cancer but then you don't have to 
worry about mdp! 


In our country- lithium occurs in the 
form of lepidolite and is confined to the 
pegmatitic bodies in the mica fields of 
Bihar, Rajasthan and Madhya Pradesh. 
Bastar district in Madhya Pradesh has 
several hundred tons of this ore of 
2.6 per cent LiO^ content. 

Under the Atomic Energy Act 1962, 
lithium has been declared as a pre¬ 
scribed material useful for atomic ener¬ 
gy and the .sole rights or exploitation of 
proce.ssing lithium minerals ve.st with 
the Atomic MineraLs Divi.sion - a con¬ 
stituent unit of the Dcpailment of 
Atomic Energy But the export of 
lithium ores ha.s now been decontrol¬ 
led. The knowhow for proce.ssing these 
ores to obtain lithium as carbonate has 
been developed bv the Bhabha Atomic 
Re.search Centre, the Central Cjla.ss and 
CeramiLS Keseaich Institute and the 
Cential Sail and Marine Chemicals 
Re.searLh Institute A couple ut private 
firms also piodiice lithium carbonate 
on demand tor commercial use. Most of 
our prc.senl leguirements for other 
lithium compoLind.s are entirely met by 
imports {1 

/h Safin /S utlh the Analuhiul i'hetymfrif 
DirtMotj at the fthahhu Aturnn itiwcauh Centre, 
iiamhat/ He alsn teaches arfuii/tn afkhemtsfrv to 
futsf graduate students of liomhau I nwemty 
and IS a nsitiny pratessar ot SM)/' Womens 
I'nirerMtt/ in Hombay 
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GOLIATH’S KILLER 



Sling and ib principle was known to man from earliest 
times. Rased on it, the ancient armies built powerful 
catapults. Even today the same principle is used to 
launch aircraft, missiles,etc. 


“Then hi UinK his \lutf m his hand, and 
chose hie somn/h stone.s from the brook, 
and put them m hi^ shepherd\s baa ot 
wallet his sfina u\i^ tn his hand, and he 
drew near to the Hn list me 

When the Philistine amse and came and 
drew near to meet hand, hand ran quu kly 
toward the battle line to me^t the Phihs 


tine And Davrd put his hand in hts hag and 
took out a stone, and slung it. and struck 
the Philistine on his forehead: the stone 
sank into his forehead, and he fell on his 
face to the ground 

.So David prevailed iwer the Philistine 
with a sling (emphasis added} and with a 
stone. " tJ Samuel If' 


S LINC is one of the most primitive. 

probably the first weapon designed by 
man. In the process of evolution man 
encountered enemies stronger than him¬ 
self. To overcome them he had to invent 
means to propel rocks or other missiles 
with more force than his hand and arm 
could deliver. The sling proved to be his 
saviour. \ 

In its oldest form, a simple sling edn- 
sisted of a pocket or strap, usually made of 
leather or hide with a string fastened to 
each of Its end. A stone or any other missile 
was placed on the strap. One string was 
looped over the fourth finger, and the other 
was held between the thumb and forefinger. 
The operator whirled the sling above the 
head, let go the unlooped string and 
released the projectile. The centrifugal 
force gained m the whirling action gave 
power and range to the shut. 

The principle of the slingshot was made 
use of by the ancient armies of Kgypt. 
Greece and Rome to build catapults. The 
first catapult is attributed to the engineers 
of Dionysius the eider, ruler of the Greek 
colony of Syracuse in Sicily, who in .'i99 BC, 
prepared his city for a long war with 
Caithage. He also simultaneously started a 
vigorous research programme to update his 
weapons which included the catapults His 
engineers for the first time mechanised the 
drawing and relea.sing of the arrow. 

The basic piece m the catapult was the 
slock, a compound beam that funned the 
mam axis uf the weapon. Along the lop of 
the stock was a dovetail groove, m which 
another beam, the slider, could move back 
_ and forth. The slider carried on its top lear 
I surface a claw-and-trigger arrangement for 
5 grasping and releasing the bowstring The 
3 arrow was launched from the trough placed 
^ on the top of the slider. 

The catapult was placed on the pedestal 
when researchers came with larger designs 
To facilitate aiming, a special joint called 
the universal loint was devised to connect 
the stock with the pedestal. The replace- 
ment of the flexible how by the torsion 
spring gave further boost to catapult en¬ 
gineering (see figure on page 62). Tightly 
stretched bundles of elastic fibres, consist¬ 
ing of animal smew, horsehair or human 
hair, were further strained by a rigid bow 
limb as the catapult was brought to a full 
diaw. A pouch woven into the centre of the 
bow.string held the missile, and a ring 
attached behind the pouch was grasped by 
the trigger claw. The washers at the ends of 
the torsion bundles could be rotated and 
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Latest of slings f all designed and manufactured in the US, Compact and sturdy, the ComBow Sling (above left) has double tubing over 
rollers. Maxima Folder (above rlgflit) with an extended fork carries extra power 



Sling Pistol (above left) shoots ball bearings. Pocket Rocket (above right) Is a sport slingshot 


then pinned in place to adjust the tension 
before firing. 

When the torsion principle was perfected 
it became possible to fire a stone weighing 
AS much as 78 kg. The Roman militdry 
engineer Vitruvius gives dimensions tor 
catapults firing stones as heavy as 162 kg 
although such giant machine may never 
have been actually constructed. More typic¬ 
al machines fired balls weighing from VA to 
26 kg. The longest recorded range for a 
catapult firing an arrow of the ordinary size, 
that IS of about 70 cm, was about 640 m. 

Researchers under Philip of Macedon, the 
father of Alexander the Great, perfected the 
torsion spring. The campaigns of Alexander 
also gave ri.se to very powerful catapults. 
There is reason to as.sociate the rise and fall 


of large empires with the advent of the 
catapult. 

Even today, the rise and fall of Urge 
nations depends to an extent on catapults. 
You mav wonder how. Modern mechanisms 
using hydraulic pre.ssure. tension or other 
force to launch gliders, aircraft, or missiles 
are al.so called catapults. The warplanes on 
the aircraft carriers take-off by the help of 
catapults 

Initially, the aircraft were light and slow 
and could easily take off from the relatively 
small deck .space available on the aircraft 
carrier. But when heax'y and sophisticated 
models were introduced the available space 
wasn't enough tor them. So catapults were 
introduced at the forward end of the ship to 
accelerate the aircraft upto flying speed. 


For nearly .*U) years hvdro-pneumatic 
catapults were u.sed to launch the aircraft. 
The advent ot heavier and sophisticated 
aircraft made them obsolete. The air pump¬ 
ing sy.stem was complex and enormous in 
size and could not perform satisfactorily to 
meet the increasing demands of air battle. 
At this juncture Commander C C Mitchell 
of the Royal Navy. UK, came out with the 
slotted cylinder technique which is current¬ 
ly in use on aircraft carriers. 

In this technique the piston is directly 
connected to the aircraft by means ot a lever 
protruding through the side of the cylinder 
(see figure). HMS Perseus of the UK, 
became the first ship to he fitted with the 
experimental steam catapult in 1949. After 
four years f)f experimentation the Royal 
Navy lound the new catapult acceptable. 
The US Navy also followed suit a little later. 

If this IS the broad-based use of its 
principle, the .sling in iLs simple form has 
been a constant companion of hobbyists, 
hunters ahd competition shooters Writing 
in Popular Mechanics (January, 1984), 
Angus Laidlaw baptLses the art of shooting 
slingshots as “catapultry” Me says, catapul 
try 'has burgeoned quietly in (he shadow of 
the compound bow. the crossbow and black 
powder shooting sporf.s" 

A small hand catapult is i ailed a sling or a 
slingshot. It IS made by fastening an elastic 
band on each prong ol a forked stick and the 
elastics arc ronneUed by a leather pouch. 
The pouch Ci'in hold anything from a pebble 
or a marble, to small metal bullets—lead or 
steel The fork is held in one hand and the 
elastic IS sti etched with the other The shot 
IS hurled when the elastic is released. 

The shooting spree enjoyed by children 
with the sling, however, has also brought a 
bad name to it. The sling can cause serious 
injury to human beings, birds and animals. 
Most of the cities in the US forbid the use of 


The layout of a modem steam catapult on an aircraft. The piston moves from right to 
left. At the front is a retardation probe to siow it down 
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Roman stone-throwing catapult. Torsion 
springs, whose tension could he adjusted 
before firing, enabled engineers to build 
larger models. Then* were capable of 
launching stones weighing 78 kg 


slings H«»vvm’r serious catapult shooters 
have been holding national and internation¬ 
al matches as well as l(Kal competitions. 
Big giime hunters also find effective uses for 
slingshots a.s auxiliarv equipment. 

To match the shooting ability ot catapult 
enthusiasts engineers in the US in recent 
years have come out with new sophisticated 
design.s that use flat latex driving bands, 
surgical tubing moulded and tapered bands. 
Catapults are available mounted on steel or 
aluminium frames. Handgrips of wood or 
plastic are also provided (see hgures on 
page 61) to increa.se accuracy while 
shooting 

In our country* the sling is yet to take 
deep root Tribals use it m its simplest form 
as an effective armour tor hunting small 
game. School children enjoy shooting birds 
and fruits with it Serious lovers of catapul- 
try are a rare species to find. 


Sylvester Lobo 



awards and appointments 


NUCLEAR POWER BOARD CONSTITUTED 



D K M \i SRINIVASAN. director ut 
I'rniCLts Kngineering Division 
(mi>) f>i the t)i'p#iitment of Atoniu Knergy 
(UAi ) hiiN been .ippomted tis the Chdirman 
of the ne\\!v lonstiluteJ Nucleur Powei 
Board undfi i-m, 

I'he Board is instiluted lo Ciirr\' out the 
envisaged nutleai povvei programme of 
generating Idoud MWi h> the vear 20UI) It 
is responsible lor the design, construction, 
operation and maintcnanu of nuclear perw 
er stations m the countrv 

Dr. Srinivasan. recipient of various 
awards including the Padma Shn and the 


Saniay Gandhi Award for Science and 
Technology, joined uak m 1955 and has 
been the director of ppf.d since 1974 
He has been a.ssociated with the con¬ 
struction of the Apsara atomic research 
reactor at the Bhabha Atomic Research 
Centre. Bombay, and the Tarapur Atomic 
Power Station 


Amrut Modi 
Research Award 



D r DILBAGH KAI SHRIDHAR. General 
Manager <r&d) of the Indian Drugs & 


Pharmaceuticals Ltd. Research Centre. 
Hyderabad, has been .selected for the 12th 
Annual Amrut Modi Research Award for the 
year 1981 for his outstanding contributions 
in the field of Pharmaceutics Dr Shridhar 
shares the award with Dr (Mrs) M. R. Baich- 
wal of C U. Shah College of Pharmacy, 
Bombay The award carries a cash prize of 
Rs Id.OOO and a citation 

Jawaharlal Nehru 
Fellowships 

D r. GANESAN VENKATARAMAN, Direc¬ 
tor. Physics. Instrumentation and Elec- 
tronic Croup at Reactor Research Centre, 
Kalpakkam, is among the three who have 
been awarded the Jawaharlal Nehru fellow- * 
ships for 1984. The other two arc Mr. A. K. 
Bhattacharya of Calcutta and Dr. D. D, 
Sharma of Chandigarh. 
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sctfc^f f t tCALL^ SPiLAKlNG 


THE NAME GAME 

Gillian Valladares 


A LEMON that had a chance and took advantage of it." 

that’s Oscar Wilde's description of a grapefruit. The 
same fruit goes by another name —Citrus paradisi. This 
botanical appellation also indicates the geneology of the 
grapefruit and its description. This system of binomial 
nomenclature now used the world over by scientists, was 
deyiced by Carolus Linnaeus, a Swedish botanist. His book 
S)^ema Naturae, first published in 1735 used two words to 
d^ribe each species. The first described its distinguishing 
characteristics and the second gave its generic name which 
stood for the group to which it belongs. Linnaeus’ 
classification was later refined. It has helped us catalogue 
the vast, amorphous diversity of life and to understand the 
underlying unifying relationships. Given below are ten 
binomial names. Can you correctly “join" the creatures or 
plants from the alternatives? Answers on pgs 72,73. 


(1) Hedophyllum sessile: 

(A) Sea walnut 

(B) Sea cucumber 

(C) Sea cabbage 
(0) Sea onion 


(2) Musca domestica: 

(A) Dragon fly 

(B) House fly 

(C) Butter fly 

(D) Fruit fly 


(3) Nid* (Ophiophagus) 
hinnah: 

(A) Krait 

(B) Python 

(C) King snake 

(D) King cobra 

(4) Leo tigris: 

(A) Panther 

(B) l..eopard 

(C) Lion 

(D) Tiger 

(5) Homo habilis: 

(A) Modern man 

(B) True man 

(C) Neanderthal man 

(D) Tool making man 

(6) Eiythroxylon coca: 

(A) Cocoa 

(B) Coconut 

(C) Cocaine 

(D) Cola 


(7) Citrus paradisi: 

(A) Citronella 

(B) Grape fruit 

(C) Lemon 
(Dl Orange 

(8) Nelumbo nucifera: 

(A) Lotus 

(B) Water hyacinth 

(C) Water cress 

(D) Water lemon 

(9) Solanum jasminoMes: 

(A) Potato bean 

(B) Potato vine 

(C) Potato 

(D) Sweet potato 

(10) Prunus armeniaca: 

(A) Prune 

(B) Peach 

(C) Apricot 

(D) Cherry 


BRAIN TEASER 


WHO IS 
ENGAGED TO 
^WHOM? 

T hree young men Kakesh. Kamal and 
Tarun are engaged to three girls Moni¬ 
ca, Rajni and Kalyani. One of the would-be 
grooms IS a doctor, the other is an engineer • 
and the third is an lAS officer Among the 
girls one is a teacher, the second, a clerk 
and the third, a writer Please note that the 
names and the professions are not given in 
tiny serial order 

From the data given below can you find 
out the profession of each person and who 
IS engaged to whom? 

1. 'Kalyani wanted to marry an engineer. 
Why did she change her mind?' a.sked the 
teacher. 

2. *Oh! She is ill all the time. She wants a 
doctor at home,’ said Monica jokingly, 
y^'i. On hearing her two friends Kalyani 
/became irritated and snapped, ‘Will you 
please shut your mouth writei? You have* 
taken awav njy boy friend Tarun.' 


4. The first name of the husband and the 
wife will not begin with the same letter in 
any case. 

(So/ution next month) 

Debabrata Chatteijee 

Solution to June teaser 

special triplets 

Referring to the hints, let ABCDEF be the 
SIX points Con.sider any one point, say A 
and the five lines from A. namely AB. AC. 
AD. AE, AF However these may be col¬ 
oured. It IS obvious that at least three ul 
them are of one colour. For definiteness, let 
us say that AB, 4fJ. AE are black and AC. AF 
may be red or black. Now if the sides oi the 
triangle BDE are all red, then we have 
proved the propo.sition If they aie not all 
red, at least one of them will be black, say 
BE. Then. ABE will be a triangle all of 
whose sides will be black. So in any case, 
whatever may be the scheme of colouring 
the lines, red or black, there will always be a 
unicolour triangle and this completes the 
proof. 



There is a stronger resull than what we 
have proved If six points are joined by all 
the possible 15 lines coloured black and red 
arbit .anly. there will alwav.'t be not one, but 
two unicolour triangles (Ixjth red. both 
black or one red and one black). But, the 
proof IS not easy Vou may congratulate 
yourself it you find a proof. 


Dr Afiiur Chand Datta from Jut fun 
dur and H B. Kantawata from Baroda 
have sent tn correct solutions to teasers 
‘How many posters? and 'Who keeps 
lovebirds?' respcctitvly. 
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V lIU/' Nana said, '‘wait in my room, 
will you? I'll Join you in a moment." 

Nana was back in less than five 
minutes. He sat behind his table 
staring at the three small, shining cubes 
which he’d taken out of his pocket. Vijay 
was (Waiting breathlessly for Nana to speak. 

“Uiju. where did you find these, ah, 
thtnp?" 

“I told you Nana! On the grounds." 
**Yes, I remember. 1 went there. Vijay. 1 
could find nothing there... no marks... 
nothing..." 

Vijay kept quiet. Nana was talking to 
himself: 

! "And 1 don’t believe in miracles. Then 
what is this? Where did these cubes come 
from? In what super-laboratory were they 
. fashioned? What wondrous machines made 
them?" 

“Nana, what are they?" Whispered Vijay. 
"Oh, that? Even a sophomore could tell 
fj^u... The glass-like thing is plastic, the' 
^ilvery-white cube is platinum and the third 
IS gold. But that's only the beginning! All 
my experiments have failed to work on 
these cubes. Their physical properties are 
simply miraculous! Viju, you are too young 
to understand all that 1 say and I’d be afraid 
to repeat it to any .scientist. But I'll tell you 
only one thing: these cubes are unique!" 
"Nana, where can one get such things^" 
"Only a boy like you would ask such a 
question! No!" 

"But Nana, gold, platinum, plastic, they 
can be bought, can't they?" 

"Yes, Viju, but ordinary gold, ordinary 
*^atinum...not these!” 
f "Well, what’s the difference’" Vijay was 
exasperated. 

^Everything is different! The plastic...it 
remains unaffected by heat and cold. It's 
totally opaque to ultraviolet rays, x-rays, 
gamma rays...there’s no co.smic-ray trap in 
our laboratory, but I wouldn't be surprised 
if they, too, are stopped. And yet. it is 
harder than a diamond and very light' What 
mure do you want! The electrical resistance 
or the platinum cube is almost negligible.. 
dnd the golden cube .:oh! what's the use?" 


"^OCRAM?" Vijay called out softly. 

YES. VIJAY' The response was prompt 
"Why are you silent today?" 

VUAY. YOU ARE ANGRY WITH US, ARPINT YOU' 
e^MlSE WE SENT AN ORDINARY MACHINE TO YOU 
[How could he deny it? And then he felt 
his petulence, felt ashamed of himself. After 
they had explained everything to him, it 
seemed childish. 


"Yes, I was angry; also sad and dis¬ 
appointed. Nothing seems to go right. I 
can't help you. I can’t meet you, and today 
Nana said those cubes of yours can’t be had 
anywhere." 

Gogram laughed. A ringing, infectious 
laughter. Nothing seemed to worry him, no 
obstacles bothered him. Vijay’s sombre face 
also broke into an unwilling halfsmile. 

THAT'S THE SPIRIT. VIJAY' I SAW YOUR GRAVE 
FACE AND THOUGHT YOU HAD TO SMILE FIRST 

"But Gogram? What about your mis¬ 
sion?" 

WHAT ABOUT IT. INDEED^ SUPPOSE WE PULL 
LONG FACES. IS IT GOING TO HELP> IF ONE WAY IS 
CLOSED. WEVE GOT TO FIND ANOTHER. ISN’T IT' 
THERF MUST BE ANOTHER. VIJAY* 

"Does nothing ever worry you?" 

VIJAY, RE.MEMBER THAT WE ARE THE CHOSEN 
ONES THEYVE SENT US ON A LONG AND A 
PERILOUS lOURNEY! NOBODY KNEW WHOM OR 
WHAT WE'D MEET. WHAT DANCERS ONE MIGHT 
ENCOUNTER SO THEY CHOSE THE BEST. THK 
BRIGHTEST AND THE BRAVEST OF OUR RACE 

"Well. I'm ready to give up. Tell me what 
you are going to do*’’ 

ALL RIGHT WHAT DID YOUR PROFESSOR SAY* 

"He told me the name of the materials— 
plastic, platinum, gold. And that's all he 
could say.” 

FINE AND NOW WHERE ARE THESE THINGS 
AVAILABLE* 

"I think wc have plastic factories—but 
yours IS different.” 

ALL RIGHT WHAT ABOUT THE OTHERS* 

"Gold IS prett\' valuable. I think they keep 
it in banks." 

WELL. FINE* LETS GO THERL THEN* 

"But Gogram'” Vijay was aghast "These 
banks are not shops^ They don't sell it 
there!” 

THEN WHY DO THEY KEEP IT THERE' 

^ "Ah-1 think notes and coins have got 

something to do with it ” Vijay was con¬ 
fused. 

VUAY, CALM DOWN YOi; ARE FLUSTERED LET 
ME SEE WHAT YOU KNOW ABOUT IT lUST KEEP 
STILL. 

Vijay had a very strange sensation..as it a 
very light feather was moving over 
him, the touch as taint and light as the 
faintest breeze . but it wa.s a breeze from 
other worlds, from unimagmed voids... his 
small body shivered at the alien touch.. 

ALL RIGHT NOW 1 KNOW. YOU DONT USE GOLD 
DIRECTLY. BUT USE IT INDIRECTLY IN YOUR DFAL 
INGS YOU SEEM TO VALUE IT HIGHLY PLATINUM 
SEEMS TO BE EVEN MORE SCARCE, IN THIS TOWN 
AT LEAST SO GOLD IT HAS Tf) BE IF WE TAKE 11 
FROM THIS BANK OF YOURS. WE WILL BE COMMIT¬ 
TING A CRIME IN YOUR LAWS SO WE MUST FIND A 


WAY AROUND THIS 

Gogram was silent. He might liave been 
thinking, but Vijay did not know wheie he 
was. The human shape before him was just 
a machine, a robot. Gogram was using it as 
and when he wanted it. Now, at this 
moment, when the sense of Gogram was 
withdrawn, was it totally lifeless? 

VUAY* I HAVE AN IDPVU Y01> USE GOLD TO BUY 
OTHER THINGS CANT WE TURN IT THE OTHER 
WAY ROUND* SUPPOSE WE TAKE THE COLD AND 
REPLACE IT WITH OTHER THINGS OF THE SAME 
VALUE* 

Somehow, this didn't seem right to Vij^. 
"But Cogiam' Suppose they don't want to 
selP" 

HA* HA* AND WHO’S GOING TO ASK THEM* WE 
REPLACE GOLD WITH ARTICLES OP THE SAME 
VALUE THATS ALL* THEN WE WONT BE COMMIT 
TING ANY CRIME. WOUI.D WE' SUPPOSE THEY 
DON'T WANT THESE THINGS THEN THEY CAN 
SELL'M OFF AND liWE 1MEIR GOLD BACK DONT 
YOU AGREE* 

Vijay certainly did nof agree with this. He 
had a suspicion that the bank, any bank, 
would not be ver>' eager to use iLs gold for 
such complicated deals, hut he kept silent. 

VIJAY. NOW HFRE S A JOB FOR YOU' I WANT A 
PIECE or GOLD SOMEWHAT THE SI/E OF YOUR 
HEAD FIND HIT WHATD BE ITS PRICE AND ALSO 
FIND OUT WHAT ARE THE THINGS WHICH WE tAN 
MOST CONV'ENIENTLY PIT IN THE PLACE OF GOLD 
WF. ARE GOING T(; REMOVE 

“Afow’" 

cp:rtaini.v not now tomorrow evenini, 

WOULD DO NICELY* ILL ALSO HAVE 10 MAKE 
CERTAIN PREPARATIONS CERTAIN P:XPLKIMENTS 
WILL HAVE TO HP CARRIFD ON ON ^ HE GOLD BY 
THE WAY VIJAV CAN Yol FIND A SHEITP:RED. 
UWKVUPIED PL\(.E. WHKRI WF f AN i ARRV OUT 
THE WORK' 

"How big a place’" 

SAY THE SI7E oh YOUR RriOM 

"But vour experiment Will there be any 
breakage’” 

NO NO VIJAV HI T Wh MUSI HAM. POWER 

"(lO^raiTi, by the side of our hou.se is the 
Hatwardhan bungalow They have a garage 
at the hack It i.s empty, so see it vou can use 
It. but hut Gogtcim, Minnie Patwardhan is 
a friend ol mine so if there is going to he 
any explosion, any fire or heal. .” 

I understand. I UNDERSTAND PERFECTLY VI 
JAY* Vijay didn't know why Gogram was 
laughing; no il\rm will come io it, vijay* 

V IJAY'S first waking thought wa.s the work 
entrusted to iiim. A block of gold, the size 
of his head, Gogram had said. Now how to 
work out the price of this gold? He would 





have to to FatfuM 
“Father'' 

“Yes. Vijay^ ' 

"I want to ask vuu 'iomethin^ ' 

“Yes’’’ Father sighed and put the news¬ 
paper awav 

“Fither. what d he the priee ol a jjold 
ball, say the size ol mv head-'' 

"Whdt^^?' Father staled at Viiay m sur¬ 
prise 

“1 want to know. Father! Flease'" 

“Is It somethin}; the teacher has asked 
you''" 

“No no-l lust want to know for niyselh" 
“Well, vou want to know the stiangest 
thinf^s. don't vou^' But he smiled and said. 
“Get your mother's tape and paper and 
pencil " 

Vnav lollowed Father in his room Father 
was searching through some laded-louking 
books. 'My mathematics has also grown 
ru.sty nou' Ah’ Here it is ..yes, come on " 
He took the tape liom Viiay's hand '[.ets 
measure the circumference fit your 
head . how much’ Fifty point one cen¬ 
timetres’ 0 K Wiite that down Actually 
your head isn’t a pcrioct circle with all 
these bumps m the front and this flatness at 
the hack hut let's use a favourite phrase of 
the mathematicians and assume that it is a 
perfect circle- or sphere tf* be exact .sfi 
the circumlereiKe is 50 1 centimetres di¬ 
vide it by 3.U that's ‘pie' you know that 
gives us the diameter 

He checked Viiay's caltulalions and said. 
“All right Let's take sixteen, a round 
number That gives us eight as the radius 
How would you find the volume of a spheie 
with an eight im radius''* 

“Would that he loui thirds pie-iadni.s- 
cuhed'^’ 

“Yes ,Vf»rk It out how mud’.-' oh' Sav 
2150t i - won’t make inuth ol a difleren 
le so this IS the volome oi the gold spheie 
\oii want, how do vf«u tiiui its weight''’ Mter 
Kioking at Vijdv who kept distreetlv silent, 
he weni on 'Why' .Multiply il with the 
densitv f)! gfrid' So that will g've x'oii ils 
weight \\\ gian.s' \nd then find out the 
pure I’lK pieseii! ollki.il priLt is oMl m\ 1'' 
five lupces |(»r Kn tii.iins * totally unprai 
tical ol Hut M) IS vour pmhlem' You 

will find the Ji .Mt\ ol gold in the .nd tables 
of your physics hook 1^ ihat all' 

"Yes. hidliLi ' Slid \ii.i\ and rail out ol 

the room 

}lis father s*aiej at the vanishing figure 
for a long time 

Viiay finished the ionipliLiit»‘d sums iri 
his room The figure that IiimIIv emerged 
Wd.s awe-inspiring What on earth Cl was 



Cogram going to give in exchange loi such 
a colossal figure'^' and how*' 

The figure before him was rupees hvo 
lakh sixty-six thousand and lour hundied' 
Whatever else it was. interplanetary 
travel was certainly not cheap 
He hated to huthei Father again, but his 
brain just wouidnl work 

He broached the subickt at mealtime 
“Father, the cost of gold is over two lakh 
rupees ' 

“What gold'' " 

“Oh. don’t you remenihei. this morning I 
Ifdd you *’ 

"Yes, VPS," Father said hastily, "So you 
got yfHir answer 

“Father." Vija\ persisted. Suppose 
somebody wants to dispose oil this gold- 
aiid wariis to purchase something else-- 
what'd he choose’" 

“Say what s all this about gold and 
sales’" 

“fMease. Father' I've got to know 
“Well, he'd be a luiky man. He could buy 
anything- a tar. a hfjuse ' 

“No im. nfdhing .so huge. .Say. Sf>iiie 
thing srn.ill 

Whv d he bother Ifi sell the gold then'' It 
IS small’ enough " 

Falhei, please don’t make tun of me 
Tell me 

OK Valuable bill Mnai! eh-'IJumond^'’ 
Kiihies-' 

“Ihtv are to be bought, isn’t it' No'" 
‘Valuable putures*' MasterpieLCs’ Rare 
first editions'* 

‘No’ Nothing from the shops'" 

“What else, then" Pearl.*- from the .sea’’’ 
"Pearls yes' That seems better' Any- 
tliing else’’’ 

“Trying to quiz me, are you’’ 

"Oh, no. Father' I am very serious ’ 


“Ri^^hto! Let me think, you want some 
thing small, valuable, not to he purchased, 
not belonging to anybody...correct’” 

“Yes. correct. Father." 

“Pearls. 1 already told you. There are 
other things..valuable .stones, they aie 
found near extinct volcanoes and nobnd\ 
owns them not until they are found. Jthat 
IS and (hen there are butterflies; rare ones, 
I've fieard cases where real rarities have 
fetched thousands ol dollars is this 
enough’" 

“W'here are these butterflies found’" 
'.^ny inaccessible place, of course' The 
Amazon hasin, or." 

“That’s enough. Father, and thank y<iu 
very much " 

Father staied at him for .some lime and 
then said. "Now young man, will you tell 
me whv you want all this information’ " 
“Fathei, it s for a story I am writing its a 
.sc( ri'l story 

Foi the momeni at least. Father seemed* 
to he satisfied 

T IIL man whom Vijav called Cogram was 
standing on the mount As Viiay reached 
him, he lelt a shift, a change, an awareness 
“C«)gram'" 

YFS VIJAV IM HKKE I SKh THAI YOl HA\h 
l»ONi: THr JOB 

“Yes First about the gold The price 
comes to abimt two and three quarter lakh 
of rupees Do you know what that means’' 
YI.S I KN(m vim (.0 ON 

“In its place, we can keep these thing 
s three things they ’ Viiay tried to ex 
plain what Father had told him, but failed 
He couldn't find the proper words Ani^ 
orue again Cugram said. 
sri-ADY. VIIAY LIJ W SI i. ^^HAT MH' MIAN 
And with these words came the strange 
sensation, a light feather searcfimg and 
searching through ail the nooks and cran 
nies of hi.s hrain 

VIJAV! Tim s WONUtRR'i; \VI 1.L IIAVF AU 
TMhsL VALLiAHM* IlflNLS IIKRK BY TOMOKROW 
"By tomorrow’" Vnay couldn’t hide his 
surprise 

win NOT' OUK tllllAR IS |II'K1LIN(. ROUNh 
YOl.'H hvAKni WL NOW KNOW WIIKRK TO LOOK FOR 
TflEsr THINl.S WE HAVE MACHINES W'HICH WIIJ 
TRACE ANT) FIND OIT TME:M SO YOl. SKK 

the:ri:t.l be: no uiettculty now what about 

THE PLU’E' IS n AVAIIAliLK' 

"Yes. there is suih a place: big, empty, 
with power lines ” 

WHY. VUAY' i:\hRYTHINc: Is PERFECT' 

“Oh. Cogram.” 

VUAY, I .SKK YOU HAVE A LOT OF QUESTIONS BUT 
WILL YOU EXCUSE ME NOW' WE HAVE TO SET THE 


H^-JSClENa: TOTJAY. JLH.Y mA . 



His face suddenly lost its colour. He had 
never thought of the newspapers! Now 
everything was out! 


MACHINES SEARCHING AND WE HAVE TO PRE 
PARE ONCE THIS JOB IS FINISHED I Wll.l, 
ANSWER ALL YOUR QUESTIONS SHAI L I GO NOW' 
*‘Oh, all right... yes, you can go.. ” 
AND VIJAY. WHEN YOU COME TOMORROW BRING 
A PAPER AND PENCIL WITH YOl 
“Paper and penciP*’ 

WE LL KEEP A LEHEK FOR THE BANK 
E}R^INING EVERYTHING SO GOODBYE UNTIL 
Tj'ihN, VIJAY' 


T HH)KE were two tall men standing on 
the mount. 

Gogram and Gogran^ So they both had 
come today! In spite of knowing all this. 
Vijay couldn't keep the dread out of his 
mind. 

VIjyJY, THIS IS MY FRIEND AND PXRTNTK 
GOGRAN' 

VIJAY' The voice was .subtly different but 
equally grave, vibrant and friendly 
. I AM GOGRAN WE BOTH ARE V ER\ VFRY t.RAl F 
PUL FOR YOUR HELP 

“Gogram, did you find thc.se lhing.s’'' 
Vijay asked 

WHY, YES' IT WAS TUP: tJVSIEST 'IIIIN(, Of Al I' 
lOOK' 

The two were so exactly alike that lie just 
couldn't tell them apart. (And thev hdd to 
ne alike, he thought; attei all. they were hut 
machines; manufactured by the hundreds') 
One of them put hi.s hand in the overcoat 
pocket and brought out two small boxe.s. He 
held them before Vijay They seemed to be 
made out of some milky white, plastu-like 
substance, their lops were transparent 
Vijay bent down lu look in the boxes. One 
^ held SIX butterflies: gem-likc wings, exotic> 
ally coloured, all in perfect condition And 
below each wa,s a dirty g*eenish-vellow 
koccoon; that too in a perfect state. 

VIJAY. said Gogram WK ddnt know mi ih 
ABOUT YOUR INSECT.S. WE TOOK A PROrESS(»KS 
HFLP- A MAN SUDDENLY ROUSED PROM SLEEP 
AND ASKED ON THE rELEPHONE INFORM/XTION 
ABOUT INSECT.S THEIR RARP: SPKCIFS THEIR SPE 
( lAL FEATURES. THEIR HABITAT. THFIR MARKET 
VAi LIE TMP: professor must HAVP TAKEN ME 
‘OR A MADMAN BUT ME GAVE U!. THE INFORMA¬ 
TION 

“Where did you find these?” asked Vijay 
YOU CALL IT THE AMAZON BASIN 
Vijay looked into the other box The 
slanting rays of the setting sun were falling 
in... the box gave out the colours a 
Uyjusand times enriched..in blazing reds 
^Bd iridescent greens ..emeralds and 
rubies! Along with them were a number ot 
big pearls... 

THE WHITE BEADS. PFJVRLS. AS YOU CALL THP:M. 


THOSE WE FOUND NEAR THE COAST OF SRI 
LANKA .AND THOSE COLOURED STONES THEY 
TOOK SOME FINDING SOME OF THEM COME FROM 
CENTRAL ASIA. SOME FROM PACIFIC LSLANDS 

“And all this in one Jay'” Vijay wa.s 
increduioas. 

E,\SY WHEN YOU HAVE M/UTIIM S TO DO \OUR 

p:very bidding, vmav do yuu think this is 

M'FPTCILNT^ 

‘ l-J-lhink Ihis IS far more precious than 
the gold " 

thp: more the bfttir' what about thf 

PPNCIL .AND PAPER' J.OOl) SM DOWN AND WRITP: 
liS I TFl I YOl 

Vijav sat down on a rock and held the 
paper pad «)n his knee The letter he wrote 
has since become world-famous and prob- 
dblv everybody has read it' 

The Manager. 

Great Gniversal Bank. Ltd , 

This mav come as a shock to 
you but not too unpleasant, 
wc hope We were in dire need 
of about 40.D90 grammes of 
pure gold You have .subslan- 
tial stocks of gold m your 
vault... hut we somehow feel 
that we would not be ahle h) 
convince you of our need 11 is 
therefore a sad (and accom 
plLshed) fact that we are re 
moving this quanlitv of gold 
from vour vaults without vi*ur 
permission Hut we are at the 
s.ime lime taking every care 
(hat the Bank suffers no finan 
cial loss due to our atlion In 
the place of gold, we are sub¬ 
stituting v.erltiin ai tides wliose 
value e.xceeds the value nl the 
gold we have lerocwed It is 
oui sincere hope that vou will 
heal tlu small iriioncxiiienLe 
thus Laused. hearing ui mind 
that :t IS in a tiohle cau.e We 
r»*quesl vou to aiient Ihe arti 
cle^ thus Kepi by us This is .1 
Vtr\ c'li.iordinarv Iransai tioii. 
hut it p niD hf»pe that you 
come to no loss 
V\e are gr.itelul for vour 
(uhiutentpinai* help 

Yours M'kerdy. 

A B t' vV U 

(.lOgram (or Gogran) reached forward, 
took the letl -r and Ihe box 's and immcdi 
ately marched off 

“He IS going there now?" Vijay a.sktd. 
YES why WAIT' 


T HB morning dailies had (he “bank 
robbery" :n .screaming headline.s 

GREAT UNIVEKBAL BANK ROBBED!!! 

STRANGE LETTER! GOLD REPLACED BY GEMS 
AND BUTTERFLIES! 

The late news said. 

‘The Mvstery of the Bank Robbery has 
deepened hv the many new facts brought 
out in police investigations. 

“According to experts, the letter was 
written by .1 small bov. But otherwise, there 
are no traces or prints. This shows that (he 
paper was meticulouslv cleaned, leaving no 
prints. 

“The butterflies are verv rare and are in an 
excellent .state, which mean.s that they have 
been recently trapped The only difficult>' is 
that they are found only in South America! 
“On examining the jewels and gems and 
pearls, experts say that their aggregate 
value is much more, even twice ci.s much as 
that ol the gold lost bv the Bank' 

"The riddle as to how they entered the best 
protected vault ha^ also been solved It 
seems that a tunnel was dug fiom the river 
bed to right under the vault to which they 
gained entrance through a hole blasted in 
the floor If they have gone to all this 
trouble, then Hie I hell ol gold seems merely 
a blind Their real target may have been 
some other valuables 01 dotuments stored 
I here 

“Diligent seaich is on and an arrest or 
arre.sts are expected m the near future,” 
"Viiav'" Kalher roared and Viiay scram¬ 
bled out (»l his bed and ran to Ins Kather. 
"Have you seen this'-' ' rather waved the 
paper in Vijav s lace, ohviou.dy be (ouldn't 
have because he had just gof out fd bed. 
Hut the big headlines hit him like a straight 
punch in tfie face Ills race suddenlv lost iLs 
colou: He tiad never thought of the 
newspapers' Now eveiMhing wa.s *>ul' 
■Viia>. this seems a curious coincidence, 
din’snl it"’ 

Viia\ didn t sav a word 
"So all lhaf hogwasli aboii! alory writing 
and so on vs as a Ik 

Yes. Kalher He whispered 
"Oh. this Is the limit’’ 

■ Father I would have told you everything 
to .start with, but vou wouldn’t have be¬ 
lieved a word o( il' I met those strange 
people that evening I m meeting them 
every day- 

“Oh’ So your Martians are at Ihe back of 
this, are Ihc'y'" 

‘ Oh Father' They are no robber .s' They 
lu.sl want to repair their machine' l)h, they 
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Broad bands of deep violet bathed the central 
golden core. It seemed to shimmer and 
change perceptibly 


arc so simple, mi strai{;ht. so mnoceni' They 
could have taken this i^oid from any place' 
They can iSo (hrouith rock and water and 
steel . No lock lan slop them But they 
just wnn't do it' f)h. lliey are no thieves' 
They have their own rules'" 

“And they did all this in one day*^" 

“Yes Father'" 

“Vijay, I'm hcf^inninit to fear that .some 
clever >|an({sters have used you as a tool." 

“Oh Father' Come with me' Meet them!" 

"Me*''" Father evidently hadn’t expected 
this 

“Yes! Will you come? Tcxiay evening^" 

“Well, 1 will certainly give you a chance 
before declaring you as a cheat and liar.. 
Yes, ril come'" 

“Oh, Father.Vijay broke down. Father 
stared at him in .sudden perplexity; he felt a 
sudden attection and pity for this small, 
suffering soul... 


Y IJAY reached home but he wa.s feeling 
uneasy. He was standing by the gate when 
father returned about twenty minutes later. 
Father stopped by him and seemed to be on 
the point of saying something; but finally 
seemed to decide against it, simply nodded 
at him and went in His face was slightly 
perplexed and also slightly worried. But the 
moment Viiav feared mo.st never came 
neither on that day nor on any .subsequent 
occasion did father talk about tho.se ‘Mar¬ 
tians' Standing alone near the mount, in 
the presence ut Cogram (invisible to him) 
he had gone through .some soul-.shdking 
experience; but he never talked about it He 
kept all that to himself 


V UAY was tossing impatienlly on his bed 
fiogram and Cogran are going to finish 
their experiment tonight and tly oft. What a 
life' What tremendou.s excitement' What 
adventure' A journev to the tar. far .space . 
bevond the limits (»f the Solar Sy.stem' Mars 
and liipitei and .Saturn and Uranus and 
Neptune and Pluto mere halls on the way' 
Ob' Mow his small .soul yearned for such a 
life' Thev'll go on and on niayhe even 
rcath a star' aiul .Man was cianuniring for a 
beggarly step im the Moon' 

Sleep''' That was the thing farthest from 
his thought.s now' 

VUAY' Gogram wa.s calling vn.av wkrk 
READY' COME ON' 

Vijay lumped out nl the hed and very very 
quietly i'pened the window The cold night 
wind came in an icy blast sending a shiver 
through him. But tall Gogram. hheker than 
the night, was there and calling him. Yijay 
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stepped out; Gogram started to walk and 
Vijay followed him. In a moment though he 
whispered: 

“Gogram, shall 1 keep the window open?" 

WINDOW’ OH' NO. VIJAY, DONT WORRY ABOLT 
IT - COME' 

They stealthily reached the unlit garage 
Gogram opened the door and they stepped 
m; the door closed behind Vijay and sud¬ 
denly there was light inside. Vijay saw that 
Gogram (or Gogran) was standing inside, 
all ready to proceed. 

The room was empty, except for a 
complicated shape right in the middle of 
the flagstone floor. The convoluted shape 
had a transparent centre where nestled the 
glowing yellow block of gold' Two thick 
wires snaked out of the plastic skeleton and 
reached the wall plug. 

READY’ Asked Gogram. standing near the 
central shape. 

READY Gogran said co on* watch, vuay' 

With the click a deep humming sound 
began, a strange glow came on. dim at first 
but slowly brightening and changing into 
broad bands of deep violet that bathed the 
central golden core. It seemed to shimmer 
and change perceptibly, it lost it.s yellow 
dullne.ss and now was a shining, glittering 
white—Platinum! 

VUAY, TOMORROW THERE'S COINC TO BE A HUE 
AND CRY WE HAVE USED COLOSSAL AMOUNT OF 
POWER POSSIHI.Y YOUR GENERATORS MAY GO 
OUT OF ACTION NOT FOR LONG. WE HOPE 

I T w.Ys midnight. Cold and awfully silent 
(lOgram walked in front, the cubes cra¬ 
dled in hi.N hands; Vijay and Gogran fol¬ 
lowed Vijay was not surprised when they 
turned toward.s the ground In the pitch 
dark they reached the central mount 

VUAY' LOOK UP' THERE' 

Viiay looked up. just in time to see a 
yellow-red spark separate from the immen¬ 
sity of the heavenly stars These two were 
moving, plunging down through the dark 
night.. and in a few moment.^, the multi- 
hued. shining “something" came down, 
floating like the flimsiest of soap hubbies 
The corners and the edr\s gave out blinding 
lights in red, yellow, green and gold .. 

COME' said Gogram and took a step 
towards the lights. 

'W-W-What IS It?" Vijay asked, a little 
afraid now 

VUAY' I AM HERE' DONT BE AFRAID' LOOK' 

It was a very comforting voice; strong, 
soothing, fiiendly 

Vuay slowly opened his eyes again. 
What a tremendous sight! Me had never 
seen so many stars! And in colour too! The 


dense atmosphere of the earth had always 
hid their glory from human eyes... now the 
earth and its air were left far behind... and 
the stars shone out in their pure, pristine 
glory! 

VUAY' YOUR EARTH' LOOK DOWN' 

Vijay turned his eyes down. There was the 
earth! As big as ten full moons... it hibig 
against the immense backdrop of the black 
heavens; huge and haunting; majestically 
turning about itself... He could recognise 
the continents...the sun-line lay across the 
western part of Europe, the glittering 
Atlantic ocean... the greenish-gray moun¬ 
tains, the glittenng icecaps... Vijay couldn’t 
bear the immense sight... 

He closed his eyes... 

HERE COMES OUR CHITAR' LOOK' 

Vijay looked. From far away, a golden 
spark was approaching. The speed was 
tremendous The spark came near, blos¬ 
somed out into a huge golden flower., and 
before he could see the whole of it, they 
were swallowed up by a yawning black 
hole.. 

WE ARE THERE' VUAY' COME' 

Vijay never knew when the transparent 
walls of their “boat" dissolved away...maybe 
they never were really there. In front of 
them, was a gigantic door, now opening 
slowly. The whole place was bathed in a 
dim, plea.sant, golden light.. 

Following Gogram, Vijay passed through 
huge compartments and finally reached the 
biggest of all It had a huge circular wall 
and a curved window occupied almost half 
of It Below the “window" was a semi¬ 
circular desk, with thousands and 
thousands of dials and lights on it. The'^ 
indicators flicked restlessly, lights came on, 
changed colours, then went off... the 
machine hummed to itself a strange song of 
power .. Vijay stood at the door, transfixed. 

Gogram went straight to the panel. One 
particular light was coming on, turning an 
angry red and goin^ on... off. Vijay, who 
know next to nothing of machines, even he 
could see that the machine was giving some 
insistent information, off; on... off... 

Gogram opened a panel, inserted the 
shining white platinum cube inside; there 
was d satisfying “click"; the light above 
turned green and stayed on; somewhere a 
bell chimed . 

OUR WORK IS DONE. VUAY. Gogram said. 

“You are ready to leave?" 

YES ^ 

"But you were going to show me every¬ 
thing!" 

YES, VUAY COME WITH ME. 

VUAY, WE HAVE VISITED ALL THE PLANETS OF 



Your armada of spaceships will rise in the 
sky—on the forefront will be the bravest, the 
most valiant—the flower of humanity! 


SOLAR SYSTEM FOR YOU ALSO THE TIME WILL 
COME.. BUT IT'S FAR IN THE FITORE YET. SEE 
WHAT WE HAVE SEEN 

Living three-dimensional projections 
flashed on the screen. The blazing pools of 
molten metal on sun-side Mercury; the 
curious metal formations on the zero 
meridian; the thick cloud layers of V^enus 
and the mysterious moving lights below it, 
th^urging seas and teeming cities of his 
earth; Jupiter with its immense clouds 
incessantly torn by violent storms; Saturn 
with Its ice of frozen methane and the 
breathtakingly beautiful girdle of rings, the 
frozen and dead worlds of Uranus, Neptune. 
Pluto... 

“But there's nothing of Mars! ' Vijay 
exclaimed in dismay. 

OH VIJAV THAT S OUR HOME WORLD’ WE WERE 
ON A TOUR OF EXPLORATION-WL HAD NO IDEA 
WE D BE COMING DOWN ON EARTH' 

“But how IS it^ Mars, your world^' 

MARS IS BEAUTIFUL, RED, PLEASANTLY COLD. 
“We’re not sure whether it has anything 
living on it or not. ’ 

FINE'FINE'THEY LL KNOW SOON S.AYTWEN1Y 
YEARS HENCE 

“Bue how does it look’ How are they'" 
PRESENTLY. PRESENTLY. VIJAY' YOU WILL SEE 
EVERYTHING' 

Gogram left the room, Vijay following. 
They passed many chambers on their wav. 
some looked like godowns—packed from 
floor to ceiling with boxes of that mvste- 
nous-looking white substance. Some rooms 
had what unmcstakablv looked like guns 
and weapons. Cogram sensed Vijay's 
thoughts and .said, 

VIJAY THERt ARF lOMF PUNETb WHICH \RE 
BDANGEROLS HOSTILE Wl HAVE TO CAMP THERl. 
\ND HAVE TO PROTEC f OURSELVES 
Vijay remembered the unstoppable marih 
of Gugran through water and rock and 
steel, and wondered which race had the 
temerity to oppose and attack so powerful a* 
race; but he had no time for thought 
Gogram had stopped near a scooter-likc 
three-wheeled vehicle. Gogram climbed up 
on It and motioned Vijay to follow him 
As Vijay stepped on the plattcrm the 
vehicle started tn move It took them 
through chamber after chamber. le\el alter 
level. Here was the immense creation of a 
mighty civilisation—the Chitar of (lOgram 
They had poured all their knowledge and 
skill m Its construction It was a mighty 
thing, designed to travel trillions and tril¬ 
lions of miles; it would leave the Solar 
ovstem far behind and enter another system 
and visit strange planets: it may even leave 
this home galax>’... There were no bounds; 


It would reach the limits of vision and then 
plunge on in the unknown Nobody knew 
what waited out there for this visitor from a 
small planet.. The builders had prepared 
for all eventualities: Vijay was a Ihirtcen- 
year old earth child; he couldn't even guess 
the thought patterns of these aliens.. but 
they were keeping their word., they were 
showing him everything.... 

As Gogram proceeded. Vijay had the 
sense of going up; also each level was now 
getting smaller, it was now evident that the 
Chitar wa.s shaped like an inverted saucer, 
and now they were approaching the higher 
and narrower parts of it. As the speed of the 
vehicle slowed down. Gogram said, 

VIJAY WE HAVE .SHOWED YOL EVERYTHING 
Till-RES ONLY ONE THING LEFT 

•VVhdt’' 

YOUR MEEIINC. WITH GOGR.\M AND GnuRAN" I 
AM GOl'.RAM SPEAKING THROUGH THE ROBOT 
NWR you MIAY NOW YOU ARE COMING TO THE 
ROOM WHICH CONTROLS THF WHOLE CHITAR— 
AND WE ARE THERE 

Vijay said nothing He had said nothing 
for a long while now. The Chitar sliding 
past his eyes in its maiestic glor> had 
.shaken and stirred the very foundations of 
his being There was wonder and magic 
evervAvhere: the mighty machine wa.s set on 
a course of unimaginable adventures and 
romance Gogram and Gogran' Nothing 
daunted them, they faced all dangers and 
cdldmities with an easy nonchalance, and 
thiy were his friends^ 

Viiav felt the wish stining deep inside 
him - 

Why shouldn't he go with them' 

Would there be an> jov lor him in his 
normal life after he had gone through this 
exciting adventure’ He’d always be aware of 
these hvo fantastic travelleis- riding their 
golden Chitar. stepping across the black 
univer.se m million-mile strides flow his 
world had shrunk' Ills school and Ins whole 
life Oh' He’d he miserable, miserable' And 
yet an*)ther thought came whispering 
Would he tVtT hdve another chance like 
this' 

'Ilie \ehicle .spun and lose: shot on 
smooth runways with a dizzving speed, and 
finally slopped in a hare room. Bare, except 
for a strange looking cha»r light in the 
Lcntre 

VIJA^ Sii IN THAT CHAIR Gogram said 

Ttiere was a sadness in the voice, a new 
thing. 

“What's this room for’" 

HERE gogram AM) GOGRAN WILL MEET Not 
GO 

VIJAY WE SEE THE PROGHESsS OF YOLR SPACE 


PROGRAMME AND WE HAVE NO DOLBT THAT 
BEFORE THE TURN OF THE CENTURY, YOU WILL 
REACH M/\RS. ACTUALLY THAI IS THE RF-\S()N 
BEHIND OUR OWN SPACE lOURNEY' 

“That?” Vijay didn't understand. 

YES' WE ARE LEAVING MARS' 

"Leaving Mars? Your own mother 
planet'” 

YES' BECAl SE MAN W ILL NOT ALLOW US TO LIVE 
IN PEACE' 

"But you are so powerful' You are afraid 
of us?" 

NO VIJA^. WE ARE NOT AFRAID Of YOU WF ARE 
AFRAID H)R YOl WE PITY VOI . BECAUSE SEE-WE 
ARE SIPRF.MF ON M/\R.S. W^ HAVE NOT ACHIEVED 
THIS M/XSTERY WHO THROUGH VIOLENCE .AND 
HIOODSMED -ALL IHi: OTHER SPECIES HAVE BE- 
OUEXTHI'D IT ON Us VOLl N1ARILY WILL MAN pVER 
ACCEPT SUCH XN IM'EKIOR STATUS' BECAl SE HE 
AS INFERIOR U)U KNOW-V HAY. YOU W HAVE 
DOI'HT.S-IUT I HXVI- NONE—HEC AI SE I KNOW' 

I HE ANSWER - NO' MAN IS INORi.INATELY PROUD 
OF HIS sUPREHAC Y -HE HA.S CFRTAIN RARE QUAL¬ 
ITIES (.RANTED BUI HE CERTAINLY Is NOT THE 
BEST 

"But you can so easily stop us'" 

YFS VIJAY-BUT AC'ilN-WIlL MAN .\CCEI»T HIS 
DEFEAT PHILU.S()PHIl ALLY GRACEFULLY' I SAY- 
NO' ALL THE NATION^ ON EARTH Wll L UMTF^TO 
DESTROY THF MfiNsTKRs ON MXKs TO LIBFRATE 
THE OTHER SPEC IE.-» FROM sWVERV' THERE WILL 
BE PLANS TO MOUNT AN IN’VAMON uN' M.\RS’ YCjUR 
PEOPLE WILL lOIL I-OR (.I.NFR\IloNs AND FINAL¬ 
LY Yul’R AK.NLMJX OF SPXCEsHIPS Will RISE IN 
THE SKY~ON IHL FoKLFRfJM Will. BE TFIE 
BRAVEST THE MOST \.XLI\NT - IHL FLOWER OF 
HI'M.\NTTV THFY WILL lOMI IN THFIR TEEMING 
THOUSANDS' CAN WE NOT DhSTROX IHEM^ OH 
SI RF'WITH THF sNXPOFoLR LITTIF FINGF-R' BIT 
WHM A MX'-sWRI ' Wl !l ST WON T DO 17' AND 
FAFN IF Wi: I»fsTRfiV THE MRS! I.N\ \DF:RS. IT 
Will .NOT I^ETER Vcl Xul WllLTRV Xl.MN AND 
XliAl.N' THIS DEIFXr WILL BE \ BUT «JN III .MAN 
HISTORY'NO-VIIXV Wf HUF i (»,NS|DF RED IT AND 
FLXV lUclDEDONol RiOlRsi WHINYol REUH 
MAR^ ir Will MF \XC \NT Nf- DANGERS \ND NO 
HFIP EITHFR' V. INFMIl^ \N|. No FRIFND^. 
EIIHFR 

The huge rnelal v\ail lacing Vijav slid 
iiwav reveahng a huge. :»lighllv curved. 
gldss-like suifaet Whellier il was a leai 
pictuie .seen through ttie “window * or 
whether thev had projected .something on 
the gld.^s ' screen'! Vijav' nevei knew 

\ picture wd.s sh>wlv taking shape on the 
glass It seemed ia he taken trom high up 
Below spiead a wide, bluish belt of spark¬ 
ling water- -the canal' Graceful crafts flo¬ 
ated on it—s'hming like jtweN in Yellowish 
.sunlight. Thifre were other shapes swinging 
through the air. . The canal slid under 
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Vijay's eyes and he could now see a beaut iful 
city on its banks. Kven from the heigid, he 
could sense its artistry. iLs grace and poise 
It sat so lightly along the coast of blue 
water , and then came ttie strains of the 
music, now lamiiiar to Viiay. tic felt 
choked, sutfotated inside. 

SUCK is ni.R MARS' (ifigram said proudly 

AND NUU f>NLY t)S] IMIM. REM/MNS. VDAY' Ydl- 
MUST »E lAUM TO StE I S MARTIANS (.OCRAM 
AND (.OC.RAN' 

"Yes.' Vijav lould only whisper the word. 

YOI' WM I (.El voi H WISH fllT THERE S SOME 
TIIINC HKI'ORI' THAI' SOON WE ARE COINC. TO 
SEND RACK AND /iE/WWETKAT. WE WJl I. SEE 
THAI \l.l. IMESE INCIDENTS ARE WIPED OFF I KOM 
VOIJR MKMORY SINCE YOUR FIRST CONTACT WITH 
(Jt'H lirKHOAT IPTO THE PRESENT MOMENT 
YOl'T.I lORl.ET EVERYTHINC.' 

"But why'-* 1 won f tell it to unyhodv'' 

TILVrs NOT THE REASON. \IJAY' EVFN IF YoL' 
TELE. NOHODV WILE BELIEVE YOC NO HiAT S NOT 
THE RIASON' 

“Then why?" 

\N[) EVEN n SOMEONE BELIEVES IN YOI WE 
D)NT CARE' WE CARE ONLY FOR H)L' WHATEVER 
OTHERS DO OR DON T DO. HIE INCIDENTS YUC 
HAVF EXPEKIENtFD MDsT H C.C Hl’KNLD THEIR 
IMPRINTS ON YOUR BRAIN' YOCI L NFVER KOROET 
THEM' 

“But (lOgram' 1 want tf) remember them' 
I want to remember every small detail ol 
this adventure'" 

VUAY. THINK A MOMFAI’ HAVINC. SEEN I'S. 
HA\TN(. COMF INTO sl't H CH)sK CONTACT Wlfll 
US HAVINC. SEEN Ol'lt PHiH.RI-SS THE COSMK 
PRoniEMS THM EAl E I's CAN YOl^ EVER I MOV 
YOUR SIMPLE LIKE ON LVRHD EARIH-UHERE 
YOUR SIHOIJVKS HAVE No IIU A ()| OCR EXIST 
ANU^ YOIR lEACHERS llOV\ t \N 0)1 HA\F 
KESPIU FOR THEM'VMYY Yol HAVT NO IDEA 
HIT IHFsr MLMoRlE^W^I HI IIKI POISON TO 
YOI' 0)1 R WhOIL Ell I Will Tl R\ TO BimR 
ASHI .N I’OR Yol ’ AND WF « ANNOf [)ESTROY YUl'il 
WTIOIF IIEI LIKF rills' 

Oil. lull (iogian)' Will we nevei meet 
again' ' 

VM‘.\ 'll IIILYOI mIMIIHIN'(. lH\r UsO 
vol rtll I I OKI.F r SOON HI I I ISTEN" WMI N \M 
DESiUiU MMiFsl MFMohiis |\ Yol R HKAIN 
WE VMM \ ,\UM ^ V SMALL ( HVM.I 

IN YOIR HR \r. o vain HF \N • )KDI K Y\| i 11 \VII I 
WORK' IPRoi ., 1 , . ,)|| VFARS Tol'R I II L'IT 

IS A eoMPl.l >i-i\ Ml DY PHYSICS \slRn 
NO.MY MMO|M\.|i , 'aMjsii.Y VNDilllMISlKV 
IT WILI Nl M R M \\| n l h s \M M»RLMCMM F 
COM.MAND 

"What did sludv i*vl) iKtneve for any¬ 
body’''" ViMV asked liatlullv. almost sob- 
biung 

OH Bl'T LISILN Vll\Y taignm was 
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laughing THIS cnkemittinc: drive will take 

YOU TCJ THE TOP OF THE FIFLDS THIS PHYSICAL 
AND MENTAL Sl’PERIORITV WILL ENABLE YOU TO 
HE SELECTED IN ITIF FIRST BATCH OF BHARATIYA 
ASTRONM T.S 

Vijay had strained forward eagerly but had 
again slumped back in his chair 

"Oh what’s the use’-' It’ll take at least 
twenty years'" 

.so WHAT' Caigiam Wd.s surprised 
‘W'hat’s your life span^ ’ 

WHY' SVMF \S YOURS.- SAY MNFTV YEARS' 

"So thi.s' Bv Hie lime 1 am ready, you will 
be a dodficrmg. senile old man'" 

VHA BCTVIIAY YOI MiROLI ONI IHINC.'OUR 
YEAR IS A MARIIVN VE.AR MEVNS ABOUT TWEN 
TYIHREE OF YOUR MONTHS 
And now Viiav was curious and eager 
so YOU will lU’OMMlETHfc ITRST HHARA1 lY \s 
RMUHI.M. MARS VM) \|JAY' THE MO>iEM YOU 
SILP DOWN ON MARs. IMF BlOCK IN YOl R BIUIN 
Will WMsir YOI WILI RFMEMHUR IMISA.ND 
FVEKY nilM.' \ND IHFNYOl Will MKETl.s'WI' 
l Ol.KAM AND I.OOICYN WTM HRIHFRF TO WEI 
C«iMI Y(M" IHIS Is Y sOlIMN PROMISE' 
"IVentv ycais* Still its somelhing 
Theie was a smile on Viiav's face now 
lAERYTHI.NC Ml. KK.Hr' ARE YOU READY' 
"Yes. Viiay said with as much courage as 
he Lould muster, hut his heart had alre.’dy 
started to hammer and his pulse had 
already started to race. 

The music now stopped; there wj.s a 
queer stillne.ss around him.. 


And then the ponderous metal wall 
slowly shifted and he saw that the room in 
which he was sitting was after all a part of a 
much larger apartment. The far side was in 
semi darkness., and in the half-light Vijay 
could see something... huge and moving... 

It was moving nearer, towards him. The 
disturbing outlines became sharper, clearer 
and the hammering in his heart quickened 

They were huge, they had a phospheres- 
cent sheen... 

They had warned him so many times. 

WE ARE DIFFERENT' They had said; and yet, 
he has not truly understood; he was inno¬ 
cent and unprepared. 

They had greenish-yellow shining bodies; 
their shapes were monstrous, unde.scnb- 
able. 

A giant caterpillar., or a towering 
lobster... 

1 AM CiOC.RAM' A voice thundered. 

AND I A.M GOCRAN"' Another voice reverber¬ 
ated 

They came nearer, in the four-foot heads, 
many-laceted lemon-vellow eyes, measuring 
more than a foot across, gleamed and 
glowered . they both raised their front 
organs 

Vijay was speechless with astonishment 
01 course he was awed But he was dis¬ 
appointed, loo' The aliens had visages of 
worms not god.s. But gradually the extra¬ 
ordinarily compassionate light from those 
huge lern«»n-vellow eyes began to penetrate 
Viiav's mind Oh, what a delicious feeling it 
was' A sensation which was like a thousand 
flowers tickling your mind, floweis of 
knowledge, full of th*' fragiance of power. 
Rewildeiment gave wav to delight and 
serene confidence. And suddenly Vijay be¬ 
gan to understand. 

He understood the predicament of the 
aliens, llieir noble nature .And Vijay was 
ashamed for his fellow humans. How stu 
pid. hou :ussi*dly cunning they all .seemed 
in comparison to the gentle aliens who, by 
now had begun to laugh .A mcrr>' inlecli- 
lious laughter which caught up Vijay’s 
mind And he too began to smile 

IHAFS IHF SIMRII MY Bm" DONT BF TOO 
NFM.kL ON YOI R I'l LI OW HI MAN HEINC.S' RF: 
MEMBER Ot K YSORDs' STI DY H/VRD KF'EP YOUR 
MIND OPEN I sriU:Y\ PKFilL'UICF \ND WE KNr)W 
THIS IS SAD EORCLT FVERYTHINC. 

Then outlines began to fade and the 
soul-searirg strains of that unearthly music 
began to reverberate throughout the shin 
mg Chitar 

(.OODBYE F‘VRF:\\ELL GOODBYE FARF:WEI L 

□ 

Concluded 
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Micro Computers are rapidly becoming essential 
educational equipment and children are enthralled 
by this invaluable new way of learning Sut after 
the initial software becomes tedious or familiar 
most children want to know how to make the 
computer work for them 

The new Ladybird Computer Series has been 
designed specifically for use with the most popular 
School computer the BBC 'B' machine (yet also 
applies to the Sinclair Spectrum) The four new 
titles have been written by experts They are clear, 
simple and superbly illustrated m full colour 
Micros are fun is an introduction to graphics, 
sound and animation and includes a wide rar^gr 
of protects Ideas for micro users contains 
more simple project ideas, how to remedy 
common mistakes and improve programs 
Projects for programs takes a detailed look at four 
useful types of programs, introduces ARRAYS and 
explains the sub routines as each project develops 
Micro Knowledge is written for those with some 
experience of micros and explains simply how and 
why the micro interprets some commands and 


provides useful background knowledge for young 
programmers 

Invaluable additions to the school bookshelf and 
a superb way for children to learn while still having 
fun. Ladybird Computer Books provide remarkable 
value at just 95 pence IRs 15 501 each 



' hoi yiinr fiet' ilf «,tr.irf*d brui hiirf nf fiitur ladybird 
r jncji.* »if over SOO mlt»s Miiipiy ( ornploli* thii coupon 
dorl reiurii lo Pengutn L'cl /()6 E ros Apattmencs, 

b6 N^hfu Placd* New Delhi ifu 019 
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Continued from pa^e 


X • Hedophyllum sessile; — C Or 

sea cabba>’e, js a brown alga of the 
north Pacific. charattcrLscJ by a com¬ 
pact mass oi fronds resembling a 
cabbage. The .^ea walnut, is a comb 
jelly belonging to a phylum of marine 
invertebrates known as Ctenophora. 
It IS walnut shaped Any echinodcrm 
(i e marine invertebrate with an in¬ 
ternal skeleton and a water va.scuiar 
.system) having a long leathery body 
with tentacles around the anterior 
end can be called a sea cucumber. Sea 
cucumbers belong to the class 
Holothunndea. In contrast the sea 
onion I’riiinea maritima is a liliaceous 
plant ot the Mediterranean region. It 
yields medicinal squills. 


^ • Musca domestica: — B; Is the 

common house fly. Musca is the 
l.rdtin word for fly. It is derived from 
the Sanskrit Makshjka (fly) Though 
all the four alternatives given share 
the common suffix “fly", not all of 
them are "true flies". The term "true 
fly" IS strictly applicable only to 
members of the order Piptera to 
which tlie house fly and fruit flies 
belong. This is one of the largest 
insect oiders numbering more than 
85.000 species. Butterflies belong to 
the order Lepidoptera (100.000 spe¬ 
cies) and dragon flies to the order 
Odonata (5.000 .species) 


S • Homo habilis: — O' Porno is a 
Latin word meaning man Habilis is 
derived from an old French word 
hahillcmrnt, meaning skilful Porno 
hahilL\ relers to tool making man who 
IS beluved to have existed some 1 75 
rnilliiMi vears ago and have pre¬ 
ceded Porno L‘rcctui> or the first ‘true 
man vin tiu evolutional’ ladder. He 
was ^oll(A^tJ hy Neanderthal man 
some .1.5,0(10 wars ag(» Neanderthal 
man Ponio tit\mtltrthdiis and mod¬ 
ern marr Porno sjpicnb c*>existed for 
some lime between 150,000 to 5,000 
years ago. in Euiope, Alrica the mid¬ 
dle and Far Kasr 



Kaia (Ophiophagus) Hannah: — D: Is the king cobra, the largest apd 
most aggressive of all the venomous snakes. The woid naja is a Latini^d 
version of the San.skri\ic naga meaning snake. It represents the genus to which 
the cobra belongs. The king cobra, or the hamadryad grows to a length of more 
than 15 feet. It attacks even it unprovoked and feeds on othei snakes. It 
dilfers from the common cobia in lhat it is unspeclacled' but has white bands 
across its hood The king cobra can raise its body upto a height of about one 
metre and so can strike a man even at thigh level, whereas other types of snake 
bites usually occur at the ankle 


Hr • Leo tigris: — D: The tiger, is a 
big cat, belonging to the family Feli¬ 
dae and the genus Leo. The word 
'tiger' is defined to include the Jaguar, 
thylacine and other animals resemb¬ 
ling the tiger. From the point of view 
of internal structure the tiger and 
lion tLeo leo) are almost indisting¬ 
uishable They have been mated suc¬ 
cessfully in captivity. The offspring of 
a lion and a tigress is called a liger 
and that of a tiger and a lione.ss a 
tigon. 

The term panther includes big 
cats like the cougar, the puma Felts 
concolour and the leopard Leo par- 
dus. The genus name Panthera was 
(ormerly used in the nomenclature of 
all the big cats, but this term is 
obsolete and now the generic name 
Leo is used. 




Oo Eiythroxylon coca: — C: Is the 
botanical name for the plant from 
which cocaine is extracted The plant 
IS native to Bolivia and Peru where it 
is known as cuca. The Spanish adap¬ 
tation of this word is coca, the word 
from which cocamc is derived. 
Cocaine is a bitter crystalline alkaloid 
which has a highly toxic action on the 
central nervous system, resulting in 
hallucination, habituation followed 
gradually by mental deterioration and 
eventually death. 
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I 7 • Citrus paradisi: -- M: Grape 
I fruit or pomelo. Citrus parnJisi is a 
! citrus fruit belonging to the genus 
. Citrus, which includes the citron. 

. lemon (Citrus limoni and the nuinge ! 



8 a Nelumbo nucifera: — A The 

Indian lotus Nduniho iiucift'ni. litei- i 
.illv meaning the lotus ot the llin- ’ 
li dus*, belongs to the tamily Nvlurnho- 
1 *^ /Mccdc, d tamily of aquatic herbs ot 
the order Nymphaccilcs The lotus 
figures in both Kgyptian and Indian 
folklore The lotus plant is repre¬ 
sented in an ancient Greek legend as 
inducing luxurious dreaminess and a 
distaste for an active lile. 



9 • Solanum jasminoides: — B: Is 

an ornamental woody vine, native to 
Brazil It is known as (he potato vine, 
having an attractive white, star like 
inflorescence. The world solanum is 
derived from a Latin word meaning 
‘night shade’ It includes plant.s J)f the 
(jrder ^nJdnjivae, also known as the 
‘Potdtti order' The potato S(»bnuni 
tuhcin^um and the sweet pcjtato Ipo- 
moi\i hdt:jLiS are grown for then 
edible luberiform stems and roofs 
respectivcK. Potato bean is an un¬ 
common name lor ground nut or 
peanut Aracbis hypogaca 



^#1 




• Frunus armtsniaca: C Or 

the apiuol. belongs to the same 
genus as the peach {hunu> pcisica) 
and the clicrrv (hunus avium), the 
words 'piiipe' and ‘plum also refer to 
nKMnhers of Ihi genus Pninus Pru- 
/•I 7 S js derived from the Latin word 
moaning plum tree This in turn is 
adapted liom a Grtek word meaning 
.sloebush. The epithet sloe eyed beau 
tv refers to blue black eyes, coloured 
like wdd plums In botany it repre¬ 
sent’* a genus ot trees and shrubs of 
the natural order Roucvae. including 
the common .sl<ie, bullacc. plum.apri- 
lot, cherr> and other specie.s hearing 
drupaceous fruits 


Win a prize! 


F ind the odd man out from the ten 
items given by^is and explain why 
you made your choice. Also give us 
the common names of the following 
species. Mentha piperita. Hippocam¬ 
pus hudsonius, Echinarachnius par- 
ma, Oryea sativa. Formica rufa. Pa- 
radisaea minor. Send your entries on 
* or before September. 1984. The 
winnei get.s a full years free subscrip¬ 
tion to Sc'IENCK foiMV. 


The Winner 

A fter the lukewarm response to 
the Maich Quiz, the reader'.s en¬ 
thusiasm for our Apiil competition 
was a pleasant surprise. Vve a.sked you 
for a Ifet of word.s with the prefix ‘iso’. 
Thanks for inundating us with en¬ 
tries. A substantial number of lists 
missed the hundred words mark. 
But, the winner Al^V Jain of Patna, 
with his list of 205 words, won hands 
down! 
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PHYSICS AND DARWIN’S THEORY 


D ARWIN’S book, on tlie Origin of 
Species, was published in 1H59 
It IS perhaps the most influen¬ 
tial book that has ever been 
published, becau.se it was read by 
scientists and non-scientists alike, and 
it aroused violent controversy. Reli¬ 
gious people disliked it because it 
appeared to dispense with Ood, scien¬ 
tists liked It because it seemed to solve 
the most important problem in the 
universe, the existence of living matter. 

What has this to do with physics? Is 
it not biology? Perhaps so. but it is now 
strohgly believed that physicists should 
be prepared to turn their minds to any 
problems to which they can make 
contributions. The work of Perulz and 
Kendrew on the structures of haemog¬ 
lobin and myoglobin, and of Hodgkin 
and Huxley on nerve and muscle, 
.shows that physical scientists can make- 
important contributions to biological 
research. We have always been slightly 
suspicious of the theory of evolution 
because of its ability to account for any 
properly of living beings (the long neck 
of the giraffe, for example). We have 
therefore tried to see whether biologic¬ 
al discoveries over the last thirty years 
or .so fit in with Darwin's theory. We do 
not think that they do 
Darwin himself had considerable 
doubts. Ins book contain,s a chapter 
called ‘Difficulties on theory'. Of parti¬ 
cular interest to the physicist arc his 
remarks about the eye: “To suppo.se 
that the eye, with its inimitable contri¬ 
vances lor adjusting the focus to diffe¬ 
rent distances, for admitting different 
amounts of light, and for the coirec- 
tion of spherical and chiomatic abena- 
tion. could have been toimed by natu¬ 
ral selection, .seem.s, I freely confess, 
absurd in the inghest po.ssible degree." 
Neverthele.ss, he goes on to suggest 
how an eve could have developed from 
a simple light sensitive organ, but 
there i.s no evidence that it did develop 
in that wav 

Rele'>ance of recent research 
In Ib59 the general principles o| the 
body were understood The functions of 
the various organ-- wen- known hut not 
the details of their operatrin. In the 


last thirty years we have learned a great 
deal about life processes (still a minute 
part of what there is to know!) and it 
seems to us to be only fair to see how 
the theory of evolution accommodates 
the new evidence. This is what we 
should demand of a purely physical 
theory. 

The theory does not stand at all. We 
will take only one example—breathing. 
Darwin knew, of course, that we draw 
air into our lungs, that the oxygen in it 
is somehow incorporated into our 
blood, and that the heart pumps the 
blood round our bodies so that the 
oxygen can perform its required ser¬ 
vices. He had no idea how complex the 
whole operation is. We know that it 
involves a complicated chemical, 
haemoglobin, a molecule of which 
contains several thou.sand atoms. 
Thanks to the work of people such as 
Ferutz and Kendrew. we now know the 
molecule is constructed and we know 
the conditions under which the oxygen 
molecules are held and released. We 
still do not understand the nature of 
the forces; they 'are necessarily very 
delicate, and for this reason a large 
molecule is needed. 

Darwin says "If it could be demons¬ 
trated that any complex organ existed 
which could not possibly have been 
formed by numerous, successive, slight 
modifications my theory would abso¬ 
lutely break down.” We know that 
haemoglobin is not an organ but the 
principle is the same; we do not see 
how the haemoglobin molecule could 
have evolved. It is true that haemoglo¬ 
bins m different animals are not iden¬ 
tical. but they are all about equally 
complicated 

Thermodynamical considerations 

The beautiful and meticilous .sy.stc-m 
which we call a ''ving being is an 
ordered one; each atom must be in its 
right place. Generally systems tend to 
disorder — to have maximum entropy. 
Living beings seem to disobey this rule. 
There is however a well known phe¬ 
nomenon that docs defy the rule— 
crystallisation, it may he thought that 
this IS a simple analogue from which 
the principles of life may be developed. 


We know, however, that crystallisation 
occurs because entropy S is not the 
deciding factor; internal energy U is 
also important. The quantity that must 
be minimised is the free energy, (U - 
TS), and U is small for a crystal because 
the crystal atoms are carefully packed 
together. As the temperature T in¬ 
creases, S becomes more importSnt, 
and the crystal first becomes liquid 
(usually) and then gaseous. Therefore, 
if we wish to regard the birth of an 
animal as regulated by the principles of 
thermodynamics, we must believe that 
the developing arrangement of atoms is 
that of lowest internal energy. My mind 
boggles! 

Alternative to Evolution 

If living matter is not, then, caused 
hy the interplay of atoms, natural 
forces and radiation, how has it come 
into being? There is another theory,^ 
now quite out of favour, which is based'* 
upon the ideas of I.amarck: that if an 
organism needs an improvement it will 
develop it, and transmit it to its prog¬ 
eny. We think, however, that we mu.st 
go further than this and admit that the 
only acceptable explanation is creation. 
We know that this is anathema to 
physicists. 

An animal — particularly the human 
animai — is a beautiful example of a 
carefully contrived and .subtly en¬ 
gineered design. The word ‘design’ 
comes naturally even in evolutionist 
books. The Designer must know infi¬ 
nitely more science than we shall ever 
know. He started off with a few simple 
examples and. learning from them, 
introduced new and improved species. 

We find the.se ideas comforting, for if 
we do destroy ourselves, a superior 
model will be created, whereas accord¬ 
ing to the theor>' of evolution we are 
doomed. Darwin was fond of the quota¬ 
tion ‘Naliira non lacit sa/tum'(Nature 
does not make jump.s). 1 wonder what 
he would liave thought of the quantum 
theory! 

Murli Dhar Thvari 

Dr. I'lU'urt n Rt'ader and Hi»ad of the Physics 
Department. Carhwa! University, Srinagar 
(CarhivaUf UP 
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Once again, our students have secured the top positions at the 1984 i.l.T. 
JEE continuing our proud tradition of record-breaking resuits. 84 out of 
the first 100 ALL iNDiA RANKS were bagged by our students led by 
Navin Budhiraja who secured the ALL INDIA FIRST RANK! 

42 of our students listed below, are ranked within the first ALL INDIA 50! 


Heartiest congratulations to all our successful students! 
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NAVIN BUOHIRAJA 


B S PRASAD 


? ... 

f; No Name 



B ASHOK 
All India Sr 


1 Navin Budhiraja Bhildi 

2. B S Prasad Bhilai 

3 B Ashok Bangalore 

4. A J. Ganesh Madras i 

5. S V Krishnan Madras 

6. Sharat P Hegde New Delhi 

7 Ashish Gupta Denradun 

8 Narendra V Shenoy Bombay 

9. Pankaj Rohatgi New Delhi 

10 Dinesh H Katiyar Bombay 

11 I Ashok Vizag 

12 Dinesh Das Kharagpur 

13 Deepak Chandra Tushar Dehradun 

14 Manas Chandra Saksena Lucknow 

15 Manu Srivastava Modinagar 

16 Suresh Rao Maihura 

17 Rohit Sikka New Delhi 

16. R. Dileepan Pune 

19. R Sridharan Madras 

20 Naresh Chand Gupta Lucknow 

21. Rajesh Mansharamani Bombay 

Request tor the 1985 course must be accompanied by 
a zerox copy ol the Std X (Board) marksbeel 
For the 1986 course write to us in January 1985 
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Anshul Gupta ' 
Dipankar Chatterji 
Sanjiv Narayan 
B S Anil Rao 
R Venkateswaran 
R Han Prasad 
O N Babu Narayanan 
Rajeev R Rastogi 
Arul A Menezos 
Siibrata Mitra 
Vipul M Shah 
Amitabh B Sinha 
H Venkatesh 
Vipul Kashyap 
V Natraj Kini 
Mayan Moudgill 
Sandeep Jam 
Sarangan D PadaiKar 
Pawan Sinha 
B R Bhargav 
Ramprasad B Josh' 
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S V KRISHNAN 


All India 
Rank 


New Delhi 
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Bombay 

New Delhi 

Calcutta 

Lucknow 
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Madras 

New Delhi 
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Agrawal Classes 

Correspondence Division 

202 Prasad Chambeis Bombay 400 004 


Top-Ranking students almost always come from Agrawal Classes. 
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TtLL US 


... why TOUCH ME NOT’ shies away 


T he Mimosa pudica plant popularly caU 
led ‘touch me not' and lajavantu lajama- 
ni. lajalu, etc. in some Indian lanj^uaites is 
also known d.s the sensitive plant as it shows 
a very quick response to stimuli like touch 
and heat. Several weeds like Biophytum 
sensitivium. Desmanthus planus and a 
flcWing plant like Neptuma oleracea are 
al|^ known as sensitive plants But it i.s the 
touch me not' which has got maximum 
scientific attention. 

As a matter of fact all plants show some 
response, quick or slow to various external 
stimuli like light, water, gravity, heat and 
touch Stimulus is defined as the change in 
the environment Responses are expressed 
in two types of movements unicellular or 
colonial Mobile plants bodily move towards 
or away from the stimulus But higher 
plants which are rooted to one spot, re¬ 
spond merely by a curx'ature ot the stimu¬ 
lated part 

. All movements depend on the magnitude 
» of the stimuli and al.so on the irritability' 
V and sensitivity of the protoplasm in the 
stimulated cells Health of the plant and the 
nourishment it gets also play their role in 
the expiessmn of movements The move¬ 
ment of curvature towards or away from a 
unidirectional stimulus is called a tropic 
movement If it is unrelated to the direction 
of stimulus, the movement is called a nastic 
movement Bending of a stem at its apex 
towards the light, coiling of a tendril 
around a support are examples ot tiopic 
movements and the opening of flower buds 
due to light, folding ot leaflets during 
nights are some examples of nastu move- 
f ments ‘Touch me not' shows similar naslic 
movements m response to mechanical sti¬ 
mulus like touch 

Mimosa pudica is a small herbaceous 
plant The stern and leaves are fully coaled 
with hairs. The main axis of the leaf hears a 
pair or two of pinnules and each pinnule 
bears some 10 to 20 pairs of small leaflel.s. 
The swollen stalk of the leaf (- petiole) is 
called pulvinus Kven the bases ot the stalks 
of pinnules and leaflets f= petiolule) are 
swollen and act as. the pulvinus (Kig 1) 
If anv part ot Mimosa leaf is touched, the 
stimulus IS conducted to the base of the 
subjected pinnules and then to other pm- 
nule.s If the stimulus is of slightly greater 
magnitude, its effect is carried right up to 
the main pulvinus of the leaf and the 
response is shown by the entire leaf The 
Ifiovement in Mimosa is rapid and response 
ts seen in a second or two. The stimulated 
leaflets and pinnules close up in pairs and 
droop down in succession from the tip 



basewaids If the stimulus is .strong enough 
it affects L'xen the main pulvinus of the leaf. 
Thus the entire leal gets affected and bends 
dowrnvaids. The process hegins with the 
folding ot the leaflet.s followed by the 
folding of the pinnules in pairs and ends 
with the bending of the entire leaf 
Th«s movement is caused by ditfeiential 
changes of turgor on two sides ol the 
pulvinus which show dilferent types of 
ceihilar organisation The lowei half shows 
thin walled looseh’ arranged pareruhvma- 
tous tells with sevetal large intercellular 
.spaces wtieieas the upper half has paren¬ 
chymatous cells whieli an* Ctimparalivelv 
tliiek walled and tnmpaetK arranged with 
.smaller and fewer mtereellular spaces 
On stimulati(»n, a senes .»l ctianges lake 
place at the tellular level m these parenchy 
matous cells Water from the cells ol the 
lowei halt f)l ttie pulvinus mf»ves out to the 
interteliulai spaces, resulting in a tall ot 
turgor in these cells Cells on the upper tialf 
of the pulvinus become more tuigid by 
absorbing this wafe» from the intercellular 
spaces and con.sequentiy are in a stretched 
condition whereas the cells ol the lower hall 
become flaccid The weight of the leaflets 
and pinnules presses the petiole downward, 
the flaccid cells shrink and the leaf dntops 
Eventually, the cells of the lower half resorb 
water from the .surrounding, become tuigid 
and the leaf returns to its normal position. 


This pulvinus activity depends on the 
hydration and dehydration ol proteins pre- 
.sent m the cells It is presumed that 
adenosine triphosphate iatpi provides the 
Tiecessan’ i-nerg\ It is also suggested that 
the whole mechanism (jperates under the 
influence of some hormones produced in 
the stimulated part and vvhkh travel to the 
pulvinus Ihrnugh the wlem Perhaps, some 
osmotiidlK active substaiiLe, piohably 
pnlaxsium ions esi.ipc Horn the cells into 
the intircellulai >paies This risuits in the 
cimtiactMai ol tfie stretched ceil walls to 
tom SOUK waler oi (lie leli ^ap nufside. 
Once ilk ‘liMivilio is rem»»eL’d, this active 
suhslanee leenteis the \.ell sap increasing 
the o-.m.)lic pies^)!!!* lit tijc* (clI sap Conse- 
quentlv Itii velh lesmt^ vvatei horn the 
surrnundiMk* inleKeliiiiiii .pavis and be 
i.nmi* turgid 

there all •• numbtr ol tnpofhescs to 
explain Hie pfie'Mn'CiKin but it is universal¬ 
ly agrei d that toi 'orik' rcasuM (tr (he Ollier 
the hissei hall o! the piilsiniis loses vsalei. 
the celU bei"ini ilaciid and the p.irt 
droo])s Nikh type ot naslic iiiovLinent, 
broiighl about in response to the external 
.stimulus of louili IS called sci.snu)na.stic 
movement 

Manohar M. Moghe 

/>r i\ fk'ud. Depot ttth'nt nt limhmu ^ 

A-LS Putkor Odfiye. liomhou 
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GOOSEBERRY 
PRICKING MACHINE 



Fig. I; iatenuU Mtruchin of the mochlne 


I NDIAN gooseberries iamlas) are often 
used to prepare delicious jams and pick¬ 
les. However pricking them for this purpose 
can be hazardous in the absence of a 
convenient tool. The machine described 
below works efficiently to prick gooseber¬ 
ries on a large scale. 

The machine consists of four movable 
plates and a perforated cylinder with a thick 
lining. The plates fitted with needles of 
definite dimension are placed around the 
cylinder Every plate is connected with a 
separate crank which has a pinion on its 
shaft. A chain connects all four pinions tsee 
Fig. 2) thus connecting the four crank- 
.shafts with each other It one crankshaft i.s 
rotated with the help of a handle, all foui 
rotate simultaneously. 

How it works 

The machine i.s placed on an inclined 
.surface The cranks are rotated using the 
handle and simultaneously the gooseberries 
are diopped from the tup ot the cylinder 
(see Fig 11 The plates begin to move to and 
fro. The needle.s penetrate through the 
holes in the evlinder and prick gooseberne.s 
passing through it 

The needles aie (onstructed in such a 
way that when they are inside the cylir^der, 
there is a gap ol the size of an average 
gooseberry nut between them And when 
they are completelv out of the inner surface 
ot the cylinder, their tips continue to 
remain in.serted in the thick wall of the 
cylinder. 




The machine offers the following advan¬ 
tages. 

1. The machine can prick about 100 
gooseberries in the same time (three 
minutes) that it takes to prick a 
gooseberry manually. 

2. During manual pricking there are 
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chances that the juice spatters to the eyes 
and causes irritation. The machine solves 
this problem as it is covered from all the 
sides. 

3. The possibility of injuring oneself with 
knives, forks or needles used for manual 
pricking is eliminated by the machine. 

Manoj Kumar Patai^i 

Mr. Patairiya is editor of Vigyanpuri. a popular 
Hindi science magazine, arid has several iiifvra- 
tions to his credit. 


* j V * 

niotsget 

new eyes 

A HLOT can now concentrate on his 
flying'withoat having to look down 
at the Itistrumenti in the cockpit A ^ 
mtero.heackip display (Hunt system in¬ 
corporated in .eyetfasses hy Hubert Up¬ 
ton at Bell Helicopter Texbron, in the 
US, enables a pilot'to 'see' his instru- 
mcnls without looking at them. Super¬ 
imposed on his view are vital Instrument 
readings such as airspeed, altitude, com¬ 
pass heading and artificial horizon. 

The new ^glasses work like the fixed 
HUD system found in modem jet filters. 

But Uietr. advantage is that the image 
appears wherever the pitot looks. The 
glasses could be conveniently used by 
civilian pilots as they are light and less 
costly than a fixed hud. 

A fibre-optic ribbon transmits the 
infbrntatiOn to be displayed to a tiny 
mirror at the centre of one eyeglass lens. 

The mirror, only one mm in diameter, is 
too small to be seen, but reflects the 
image into the pilot's eye, creating the 
illusion (hat the reading are projected 
in front of the eyes. 

Originally developed for helicopter 
pilots, the micio-HUD glasses have many 
other ingenious applications. A surgeon 
could watch his patient's vital signs 
without moving his head. An engineer 
or iab^chnician couM checkon instriH 
ment readings while totally, conceotret- 
ing on his work. Even physicatbr tand- 
kapped persons could ben^t frosn.these 
gbraes. A sound-sensitive version, cofi- 
vciting speech to symbois, could enable* 

«• deaf penon to “read” another's Ibis 
wiiliout,even.looking at them. 









MIND, 
ORDER, 
ENERGY, 


Which Governs the 
■ Universe and You? 


lies behind all (^^xislence? Is every* 
’thing a product of supernatural design? 
Are humans shifted about by an arbitrary 
will like pieces on a chessboard? Or does 
a stupendous energy, without reference 
^o puiimse, bring about a ceaseless trans¬ 
formation from atoms to stars and to life 
itself? 

Mind — Order —Energy—may these not 
be summed up in one word: Conscious¬ 
ness ? Behind all a Universal Conscious- 
pess . impersonal, eternal. It composes the 
order of matter, the sensitivity of life, and 
that personal awarene.ss that is Self . 

This is a new age! It is time to recon¬ 


cile science, philosophy, and mysticism. 
Truth is found in unifying ,all experience 
and knowledge that man has acquired— 
no longer must man be dealt with sepa¬ 
rately with prejudice or preference. 

ACCEPT THIS FREE BOOK 
For a frank, fascinating presentation of a 
rational personal philosophy of life that 
dispels superstition and obsolete tradi¬ 
tions, write for the free book The Master y 
of Life. It is presented by the Rosicru- 
cians (not a religion), a worldwide cul¬ 
tural society. Through this book thou¬ 
sands have learned how they may acquire 
a fuller life. 


Please use this coupon 
ot lente to 
SCRIBE- KIR 

SB 

ROSICRUCIANS 

(AMORC) 


San Jose, California 9SI91 U.S.A. 

(MOt A KEUeiOUS OROANIZATION) 

( 


Scribe KIR 

The ROSICRUCIAN ORDER rAMORC) 

San Jose, California 93191 U.S.A. 

Gentlemen: 

Please send me the free book The Mastery of ^fe. I 
wish to learn more about Self and its cosmic relation- 
ship and how 1 may benefit therefrom. 

Name ... .... . 

Address. . 

City....State. . 

(riGASE miNT NAME AND ADDRESS) 


“PLEASE Mad eoepon via afrinail—w« reply fey alrmaiL” 
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All iilanets amiiibliiig in the evening 
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&oon over (hr Indian subcontinent, hiiy 
and Audmt wilt l;ic the worst in the season 
fvr any good sky-watching. Unfortunately, 
tt is in July and August of this year tto all 
the nine planets are going to assemble in 
the evening sky. In one extreme, there will 
stay Venus, closest to the !»un. and Jupitei 
in the other, measuring an arc of about UO 
degrees, fiy the end of July, Mercury will be 
seen very close to Regulus in Leo, Vtous 
about IS degrees below Mercury, that is, 
somwwhgiis between Cancer and Leo. Mars 
will be phtsent high up in the south by 


will shine daxstingly over the constaiIati|M> 
Sagittarius in the southeast, Saturn will 
still he found in the right half of UbtNu 
Uranus will be in ScoifHiis, Ktptune in 
Sagittarius, and Pluto m; Vhilai. It vdll be 
very difficult to see them even wiOi a good, 
pair of binoculars* 

Vemis will begin to ra^ipear In the 
evening sky with the nakM 4e foato abnst j 
July 25th onwanL About Slf'tBiiiUtas 
the local sunseLVenw wiU toa^bevioHe . 
to the naked eye ot^^MWI fii^ llogtogf 
above,the point dthens lhit Son;wtt have' 
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A Quality Product by HINDUSTAN 





□ose-iQ) is for close-ups 

Singing under (lie untbrelki < m a rain\ 
day,.slKiring .smiles . sharing giXKl times And 
y’Dure eoniident btvause \()u'\e irsed (Jlosc up 

'I’r.ui.sparent,rtxl ('livse u|Vs two super 
whiteiiers lea\e your teetli their wliitesl and its 
spec ial mouthwash kee|>s your l^reath its freshe.st. 

St), .smile a tio.se up .smile and stay confident, 
btx’ause after all,(it)Se up is tbrdtxsc* ups 



A quality product by Hindustan Lever The loodipaste and MoUthwash in One 
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Close-iq> is for close-ups 

Singing undt-r the umbrella on a lainv 
day, sharing smiles . shanng gt x x.1 times /^x) 
you’re ixinfident btvause you've used ('lose up. 

Transparent,red ('Jose ups two supet 
whiteners leave your teeth their whitest and its 
speeial mouthwash keej^s \our l>rearh its freshest 

So, smile a ckwe up smile and stay confulent, 
because after all,Close up is for close-ups. 



A quality prcxjuct by Hindustan Lever 


The Ibothpasieand Mouthwash in One 



OH»(®TUNmES ¥OR 
TOAINED PERSONNEL 

Train yourself through 

THE BRITISH INSTITUTES 

• LARGEST CORRESPONDENCE COLLEGE IN INDIA • CAREER ORIENTED COURSES • OVER 
45 TEARS’ EXPERTISE • HAS HELPED OVER A MILLION AMBITIOUS MEN AMD WOMEN 


1 1 A,M.I.E. (INDIA), A.H.I.HICH.E. (INDIA), A.H.I.I CHEH.E.. A.M.AE.S.I. A S.E. 

(LONDON), N.P.C. SUPENVISOIIS A l.l.T. ENTRANCE EXAMINATIONS. 

DIPLOMA CourMB In MECHANICAL ENGG., MnchuilcN DmuthtNiranthlp. ARCHITECTURE. CIVIL 
f NGG (Bldgt. A Rondi), AUTOMOBILE ENGG., Dlntnl Engg., ELECTRICAL ENGG. A 

ELECTRONICS, Electrical Suparvision, RADIO ENGINEERING. TRANSISTOR RADIO ENGG., 

Tclaviiion. TELEVISION MAINTENANCE A SERVICING, REFRIGERATOR SERVICING, Chemical 
E’^et. InduRCPlal Chemistryu PETROLEUM TECH.. Rubher Tech., AUTOCODER PROGRAMMING, 
i^uter P rogramming IBM 3A0. TEXTILE MANUFACTURE A Teatlle Technology. 

{ Teoli and Eiti Mippll^E for Radio Engg. and Translitor Radio Engg. coiirBef | 

COMMERCES CERT A.I.I.B.. D.COM. (Account! A Income Taa). D.COM. (Banhing), D.COM. (Comp. 

Sec ). D COM. (Costing), D COM.(BualneBD Org ). A.C.S. (India) A C.A. ENTRANCE EXAMINATIONS s 

DIPLOMA Couptei In ACCOUNTANCY, CoDt Accounianry. BANKING, Income Taa Practice. 

Company Secrataryihlp. BUSINESS TRAINING, SaleNmanihIp, PERSONAL SECRETARYSHIP, 

Pitman'* Shorthand, GOOD ENGLISH, College Engllih, BUSINESS LETTERS. German. French, RuBiian, 

JOURNALISM. Psychology, PcrNonality Development A COMMERCIAL ART. 

MAMAAEMENTl D.B.M. (I.M.C.), A.I.A.M. EXAMINATIONS. 

DIPLOMA Course* in BUSINESS. MGT., Sale* Mgt., MARKETING 
MGT., Office Mgt,, Advertising. INDUSTRIAL MGT . Purchase Mgt. 

MANAGEMENT ACCOUNTANCY, Eaport Mgt., MATERIALS 56/BIO, P.O. Boa IWS, Ilf,D. N. Road. Bombay MOSll 



Our FREE UREER GUIDE 

will help you select 
the right course. ACT NOW 
Write tedoy, send coupon, come p^nonatty or 
Cc/ephone 256755 

THE BRITISH INSTITUTES 


MGT , Business Administration A SCIENTIFIC MGT. (for Junior A 
Senior Caecuiivafc) Also Executive Socrotoryahip 

We are officially recognised training centre for Cert. A.I.I.B., 

- -‘i.(IMC)“ 


D.Com, (IMC) A D.B.M. 


C) Examinations. 


}. 


it ALSO EXPERT COACHING FOR BANK PROBATIONARY OFFICERS' EXAM 
it BANK CLERICAL EXAM it APTITUDE TEST FOR DBM (IMC) EXAM 



STHE BEITISH INSTITUTES. 

■ 55 /BIO. P.O. Box I02S, 35Y. D. N Road, Bombay 400021 

ISend me s FREE Prospectus m the SUB) EC T 

{Name Educsiion 

lAddreit . 

■ 

I I 


"1 


BOOMING HOTEL INDUSTRY MEANS 
PLENTY 
OF JOBS 

>F0R 
QUALIFIED 
PERSONS 


Study 

HOTEL RECEPTION 
X CATERING 
MANAGEMENT 
HOTEL A 
CATERING MGT. 


with I CSS the Pioneers in Postel Tuition 

Other inceresling courses; Business Managamant, Seles Msnsgement. Public 
Relitions. Storekeeping. Purchase Officer'*. Accounting A Auditing, Private 
Secretary s. Shorthand. Good Engliah, Advanced English. Business Corres* 
pondanca. Dressmaking, Pattarn Cutting A Daiigning, Practical Photogra¬ 
phy, Intorlor Decoration. Beauty Cara and Porsonallty, Etiquette A Enter¬ 
taining. Frao Lance Journalism, Short Story Writing, TV Sci Ipt Writing, 
Commercial Art. Oil Painting, Fine Arc. Eloctricol Bnginooring, Elactronica, 
Radio and T V Servicing, Transiiter Servicing, Automoblla Enginooring, Civil 
Enginaaring, Clvll^ Draughtsmanship, Architecrura. Computer Engineering 
Plastic Technology, Textiles. Refrigeration B Airconditioning. Welding 
Mfriie today, send coupon, caam personolfy or telephone 2M7SS 

INTEENATIONAL COREESPOMOENCE SCHOOLS 

66/0 10 ,UCOBank Bldg .HutatmaChowh.P.O.Box 1931, Bombay 400023 

ImfEmiTi^MVcoilEsrairDEii^ 

j,56/DL0, UCO Rente RIdg., Hutatma Chovrk, F.O. Bex l93l,Aomboy 400023 
j Sand me a FREE Prospectus in tha SUBJECT .... 

{Name . .... . Education. 

^ *^drass.. . . . . ■ • • 

NORVICSUN 



NOW! SPEAK ENGLISH 

correctly, fluently 


through 

B.I.1ANGUAGES 

INSTITUTE 



Achieving success ibii t 
that easy You may 
have brilliant ideas but 
if you are not able to 
put them dcrobb accu¬ 
rately and clearly, you 
never get the attention 
you deserve Fluency of languaqe makes to success your journey 
l(*ss difficult 

This IS where B I LANGUAGES INSTITUTE comes in The wide 
range of BBC English Coursos are specially designed to suit indivi 
dual needs Each c ourse tumprising cab<settos and books, contains 
everything you need to lea'n the English language, to speak fluently, 
tn understand and io feel perfectly at home with native speakers 
English foi all levels-Beginnerb Intermediate, Advanced and spe¬ 
cialized rourses for Exporters. Doctors, Scienlistc & for those who 
seek jobs Abroad Also available other foreign languaqe courses- 
German, Arabic, Spanish, J panese, Russian, Chinese, Greek, Italian 
etc and Hindi & Urdu (Shortly) __ 

for i/mnih write iortaY coupon or romc / i \onotlv nt telophaiio 

B I LANGUAGES INSTITUTE 

5G I 2 UCO D,iiik Bldg Tlor ■ rnun iim 1SS 0 N Hn^l Hi mbtiy 400023 
Bianchu 13/1AGovi Plar* Fail ChIcuiii 700 ObS tvi 7JB/42 
13 Pa(vafl«ni Bnhind rmplo/meni tvchangti N«w Oolhi 110 007 1 gI 374443 261700 
d'10 Agurchand Mansion ISO Mount Ruad Madia*'GOO 0U2 Tol B18S1 63842 

Tb. I lANGUAGES INSTITUTE 

I cai 2 . UCO B.nh ,14, f lo» rounl.in 2t. b N Raail ■.mb,, 400 022 


I 

I 


j Pleaso send me FREE dutailb for 


I 

|A4dreu 


(specify languax^) 
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COMPUTER CALL 


ADMISSION 
NOnfICATION 


JOB ORIENTED DIPLOMA 
COMPUTER COURSES 


HaMlOffIcs 

BDPS/iri 

103, Hind Raiasihan Bldg 
Oadaaaheb Phalha Road 
Oadar Eaai 
BOMBAY-400 014 
Tel No 448422 
BOPS/ITI 

Krishna Cinema Building 
lal Floor, Shivaji Chowk 

KALVAN-421301 

B 0 P S /I TI 

Alankar Cinema Building 
Near Railway Station 
POONA-411001 
B D P S 'I T I 
Mathura 
Wowrey Lane 
Shivaji Rodd 
NA8IK-422001 
B D P S .1 T I 
Dhanwatay Ashram 
Malviya Road 
Sitabuldi 
NAGPUR -12 
0 D P S 'I T I 
Dr Bansod's Compound 
1 si floor, Mallekdi Road 
Near Central Bus Station 
AMRAVATI 
Q L; P S 111 
GoelM Niwas 
Rajurkar Building 
Maidan Aad 
AHMEDNAGAR 
B 0 p S rl T I 
24 A. Woods Road 
Opp MadraaaAlldm 
MADRAS 000002 
Tel No R1127!> 

BDPS I n 

No 7 Patiabirama Pillai 

Street 

Tennur 

imCHI-OMOl? 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


Advanced Computer Programming 


Cobol Programming 


Basic Programming 


Fortran Programming 


Pascal Programming 


Data Base Management 


Word Processing 


Console Operations 


Data Entry Operations 


We have 15 Computers in our laboratories, 
which are exclusively used for practical training 
to our students. _ 

We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 

JOIN BDPS BECAUSE BOPS IS THE BEST 





P COM ACT 

I B.D.P.S. FOR t LJRTHCH Of TAILS 

■ BUREAU OF DATA 

PROCFSSII\JG SYSTEMS 


B 0 P S I TI 
First Floor 

246, Naickor New Street 
MADURAI 
B D P S 'I T I 
1 St Floor RS Building 
141 Rangdi Gowder Stroei 
COIMBATORE-041 001 
BDPS JTI 
81, Cherry Road 
Opp PWD Office 
Near Resorvo Linp 
Kurnarasarnypatty 
SALEM-636 007 
BDPS in 
No 17.Floor 
South Car Street 
Tirunolvelii Town 
T1RUNELVELU - 627 008 
ITI 

No 1. A Porundurai Rond 
Opp SathydMoonhy 
Hospital 

New Ravi Theatre 
ERODE-038 008 
BDPS ITI 
No 17, East Cross iluad 
Gdndhi Nagar 
VEUORE-032000 
(T Nadu I 


BDPSilTI 
No 8 Victoria Road 
Near Hedd Post Office 
TUnCORIN 
(T Nadu ) 

BOPS ITI 
89 Ganrihiyadiqdl St 
KUMBAKONAM - 812 001 
BDPSilTI 

157 Kamatrhi Amman Koil 
St 

Opposite Kandan Theatre 
PONDICHERRY-005 001 
BDPS ITI 
22 5lh Cross Rood 
Gandhi Nagar 
BANGALORE-B40 009 
Tel No 26414 
BDPSilT I 
25 9th Mam. 3rd Block 
Jayanagar 

BANGALORE-560 011 
BDPS'ITI 
873. Narayana Sashn Rcl 
Opp Mahadeswara Temple 
MYSORE-870 004 


BDPS ITI 

Above New Udyaya Cafe 
Near Soorai Circle 
Railway Station Road 
Robensonpet 
KOLAR GOLD FIELDS 
BDPS ITI 
Dinkor Building 
Vidya Nagar 
Main Road -1 
HUBLI-Ba 0021 
0 D P S I TI 
Shivayan 

Opp Lingrai College 

College Road 

BELGAUM-590001 

B D P S >1 T I 

Bharat Building 

Room No 40,3rd Floor 

K S Rao Cross Road 

MANGALORE-575 001 

BOPS ITI 

89, Brahmin Street 

Above Arvind Gen Agencies 

BELLARY -6B3 101 

ITI 

4th Floor, Vellho Bldg 
Near Municipal Garden 

PANJRN-OOA 


ITI 

3rd Floor, Dwaraka Bldg 
Near Cine Lata 
MARGAON-GOA 
403801 

ITI 

Melquiedes Building 
Behind Judicial Court 

VA8CO-OA-GAMA GOA 

ITI 

Shankar Building 
Below Poornima Lodge 
Ansa Bhan 
MAPUSA-GOA 

6 0 p s 'I r I 

Parvalhi Mandiram 
Near Dairv Farm 
Pattern 

TRIVANDRUM - 895004 

Tel no 65651 
B D P S /| T I 
10/415E 

Moideen Palli Road 
NearCorp Dus Stand 
CAUCUT-673001 
B D P S /I T I 
38'80, Convent Road 
Near Convent Junction 
Ernakulam 
COCHIN-6B2011 
B D P S I T I 
Jrd Floor 

J38 Chandralok Building 
Office Complex. S 0 Road 
SECUNDERABAD • 500 003 
BOPSJTI 
12 3-234 SunnappaSt 
2nd Floor 

TmUFATI-517501 
B D P S 'I TI 

3rd Floor, Above Done Bartk 
Opp M S University 
BARODA-390006 
BOPS.ITI 
C/oSt Xavier's English 
High School 
Khasmahal, Tatanegar 
JAMSHEDPUR 
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There must be a gocxi reason why a vast 
majority of those who take coaching and join 
Banks in India as Probationary Officers 

are NSB students. 






EXAMS 






NATIONAL 

SCHOOL OF BANKING 

Indian Education Society Campus 
Ash Lane (Babrekar Mars) 

Off Gokhale Road, (North) 

Dadar, Bombay 400 098 

Phone 466280 Grams BANKSCHOOL 




Obviously t 

Our un-matched 
Specialisation and Expertise. 

Take, for instance, the results of last year’s 
PO exams held throushout the country A 
majority of students who were called for 
interviews for the post of Probationary 
Officers were NSB students 

This IS possible only because of NSB's 
professional commitment in covering 
exhaustively all subjects for objective and 
descriptive tests throush specialised 
practice papers and books 

A continuous research in past exams and 
on^soms prosramme of preparins typical 
exam questions have also contributed to 
our present pre-eminence as the Central 
Institute for Bank Recruitment trainms in 
India today 

Success-oriented students join the NSB 
Courses and benefit immensely from them 
The same opportunity is also open to you 
So enroll now to reap a rich harvest of a 
rewardin 3 career in India's fast 3 rowin 3 
Bankins industry 


NSB 


the only specialised 

Bank Recruitment Training Institute 

in the country! 


JOIN OUR BANK RECRUITMENT PROBATIONARY OFFICERS COURSE AND PREPARE FULLY FOR THE 
NATIONALISED BANKS AND THE FORTHCOMING STATE BANK F.O. EXAMS 
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Nitbtniatica of hope 

bifB.A.Naik 

What are the chances of your becoming a 
“lakhpati*’ with a lottery ticket? 

An analysis of the mathematics of chance 


36 
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by D. K. Dixit 
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k. C. Sinha 

Muscle biopsy technique offers a new 
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for Science, Medicine and Industry. 




Manufacturers: 

nCRON CORPOMTION. USA 


1) X-Ray Oatactors 

2) Daltalina Datactors 

3) Manalina Intagral Assamblias 

4) MUItilina Ruggediiad Detactars 

5) Gaalina Datactars far Oilwall lagging and 
Airbarna Survay 

6) Organic Scintillatar: 
a) Plastic b) Liquid 

far Spactrascapy Applicatians 

BICRON ANNOUNCES HEALTH PHYSICS 
INSTRUMENTS. 

_ For Furthtr Dm ils Ploaso Contact; 

ELEcrranic EnrEHPHkSEs 

216, Regal Industrial Estate Acharya Donde Marg, 
Sewree. Bombay-400015' 

Cablt TRONIX Bombay-40001 S Telex 1171071-ELEN-IN 


MAS/84/5042 


3500SA 


FAST WAVEFORM ANALYZERS 

Repetitive or transient signals digitized and averaged at high speed 
with the flexibility and storage of a digital computer. 





• Sampling ratoa to 200 MHz 

• Hloh>Bpood Bvoraglng 

• Widt dynamic rango 

• Modular axpandabliity 

• Ligtit pan and dodicatod koya lor aotup a 
e Programmablo In BASIC and FORTRAN 

• Controls any CAMAC (IEEEa83| modula 

MMnufMCturoro : 


LeCroy usa. 


ifUglk-f 


fer 


ELECTFIOniC EnTERPniSES 

21 e, Ragal Industrial Eatato Acharya Oonda Marg, 
Sowraa, Bombay-AOOOIB 
CaMa : TRONIX Bombav-400015 
Taltx: 1171071.ELEN.IN 
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ff tp Ifcr iWMiifhr* sf ilMft It ! 

th» acoHi tltBjmumBilM gMtght to aoeatfHMllMB «r 

IpilM SMI* 4lnw m iitmt fsfhr Aas adouMR. MA irtwiBif i 

iviMMal Mif Mkotti J^u/bmUhh tut rAttvtfy ydmt hi Mf imwC^Ki 

IBBRPBIsBiV OTSV V nW P fff ^VIB W W§ IPPrHI NMfV IMVf MIV m iOflgtT 

ilbutim k tut ^ 0fmtA, 

Iht Aamkm tkmial AatuaHy k cct uUm ify tmujml at ll»‘. 
pmkkikii^aikilutlm»t9tumihtk»pn$t9rMHkkaAmm ; 
dksiii^ adkfjBte O'Law CMMLpaaeiMiidpttaM limM.il MM AA 

hm ptd iM t h hai^ rn fa guldat/ ^ fhif ^ 

Mwidv 

Ik 'i s nsaAr Ckb aftaitlMi, a Im 4 An* caaaMAe ti sd m lkt k ■ 
MsimSW aaif aOw aprta A tfo IMA a/poAite AmU astf Nuttu* Nia' 
iemMkbtlkLtknpui,wlM¥mtncnkyrkut$^»boaUtk»iikh9k 
tiukkg kkmkig mdbj, rmkk gikMm$ k all etaeumi. 

n# iwwt A MrtMaA set aaaolnaw. Mmw efbir (Am Ac Cbatawi 
Am 6W a ikatk H a g aoA. But tt» caoiwtfw A dut taaMubg fba 
eam9lttikkuiid»¥MkthufbaMkimfym,,il»mwumbmiaiama 
fmmkMb JabM takutkg It# lAI*. Tba gik^ neogabad kut ka 
Jnmmikk hma Utt auamu tuk at akap^^ cnaqdur tadmata^ai 
AAnsuMM fitfbtf at IAm» wM kMcndilA/ii^ ant ffae Cm wttiMd 
dkPlag as Ika iaaiBha. AUuudi Aa paad^dy s/ a pataaaai aadkr 
laaillallaaklUaaaaanatiatakdynladaat,tbaaataaudAatJaanatMa 
AaaMraMahamarimaautntaiiaaltKrmtnktktapaitkgtkaU 
(Maekf dMgkf* ar AAew mm n dnf arf tiv tt* asAritK* 

lUr batpalat aaada ta ha akaaaad la tba eaakat at aar aadal 
ktnietan,¥nhAapkhBelaigalyvUdtkkdudavaaapatbatk,Ulalakia 
Aa OMkban at Aa fimA aakk ta Bad* paapk amn aad hdam Hma ! 
pa9paaip,1haikdaalieiUdAihmalauakbcAiaaninva*alUamatmar ' 
aaaaaaJamndbtmaMdaay.TbaaaAtomUaiallaaAaaUAAataad | 
at Aa Baaap. 

But U k wlu’aaU Aaa daaa. Ta aebkva Ab gaal a ballar nppaat ] 
baa ta A addUabad hataaaa aebatbta and Jaandata, Tha Jaundbta 
baaatohahitoHapaetAabuiabeauAmauAapartafAaaebadbbaBd 
AdrtaadaaiSftaMlBtanaaaf^ababUtbanAarAaaeailaluAa. On 
Aa atlur.bandj Aua abauU aat A atmbbad A afba^b la baaaak 
aaaamicaul ar aaentbe. TbayalaaAvakafpneGbAattAJauradaia 
taa An* a eada at aAka akdt dBAuU Am Aa aa* Aay aAaaa A 
tA pabuaty faaetlaa at Aa paaaa b la bdbm, paAva auBfaat Aa 
publleaataadHabaaldadapt,bHtaateaanaMlataaeeaptlagAatakb. 
fUa daaa aat bapk» bmaavart Aat Aa taah at tataraabi abaald aat A 
dauaad Aa attAr, 
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UNSAFE 

CONTAINERS 

The article “How safe are food contain¬ 
ers?” (May, 1984, page 41) says—alumi¬ 
nium utensils are not harmful. Are they? 
Recently, there has been a controversy 
about the role of aluminium (American 
Health, 2. 5, 48-54. Sept/Oct. 1983). It has 
been shown tliat aluminium has a mayor 
role in Alzheimers' disease and causes 
colitis in some individuals. Hence, alumi¬ 
nium utensils cannot be considered entirely 
harmless, especially when Indian cooking 
often involves the use of acidic medium. 

B. BOWONDER 

Chairman, 

CmUrt for Cnergif Sm/t S Tach, 

AanMstrat^ 5 la/f Ccikga of 
arfk ybta.HgdmibadSm 475 


Harnessing the enzymes 

This refers to our article ‘Harnessing the 
Ena^mes’ (June, 1984) Some inaccuracies 
have crept in during the editorial proces¬ 
sing of the article. These are as follows: 

The statements in the box (p. 57) which 
are not entirely correct are: (a) the enasymes 
are not only involved in “breaking big 
molecules into smaller ones”, but they can 
also synthesise larger molecules from smal¬ 
ler ones, such as proteins, polysaccharide, 
nucleic acids, etc., and (b) para 2, a 
particular enzyme can react only with a 
specific substrate and not with “particular 
kind of substance, or a group of closely 
related substances”. 

P. 58, under “Immobilisation techni¬ 
ques”, para 2: The sentence reads “The solid 
support is provided by ion-exchangers like 
charcoal, silica gel. glass beads plastic-like 
resins, etc.” The word like should be deleted 
so that it will not give an eironeous 
statement. 

P. 59, middle column, para 2: the sent¬ 
ence reads “Thus, starch can be attached to 
glucose by the use of a single enzyme like 
glucoamylase In fact glucoamylase causes 
breakdown of starch to give rise to glucose 
molecules. The word “attached” can be 
replaced by “converted”. 

C. B. NADKARNI 

Mead. BaKhmixtryafood 
Thehnohag iHpumm, 

BhabhaAfomK /leaearc/i tenhw, 

ThHnbay-Hmibag 400 OBS 

Aeromodelling 

The article 'Build your Aeroplane and My 
(March, 1984) by Sylvestoi Lobo is, I am 
afraid, sketchy and too simple to evoke 
much enthusiasm in persons, especially 
those who never had any idea that a thing 
called aeromodelling exists. Moreover, it is 


not so simple and easy as It sounds/reads for 
one to get started, as my own experience 
shows. 

The problems begin at the very begin¬ 
ning: where to look for more information or 
assistance. Add to it the lack of availability 
of kits and their (sometimes) high costs— 
even for the simpler glider kits and the 
control-line ones. Forget the radio- 
controlled models they are for the blessed 
ones. They are prohibitively costly! A 3/4 
channel transmitter unit alone costs 
around Rs. 5000, not to speak of the 
receiver, servos, etc. 

Even if one gets a model, the finishing is 
a problem. The kit’s quality is sometimes 
downright rotten. Want some spares or bits 
and pieces to your system/model? Forget it. 
It is easier to replace the whole set! 

My own interest was kindled by a couple 
of old issues of RadiomodeIler-~a British 
magazine. Their supply in* Hyderabad is 
unpredictable and erratic, and there are no 
such Indian publications. The smae is de¬ 
funct and non-existent for all practical 
purposes. The shops that are supposed to 
cater for aeromodellers are ill-equipped and 
useless. 

The NCC air wing? They are not interested 
in hobnobbing with or teaching to a rank, 
outsider. And never count on mail order 
services nf the manufacturing dealers. My 
repeated letters to the Jodhpur/Caicutta 
concerns could not even elicit an acknow¬ 
ledgement. My attempts to correspond with 
other aeromodellers, Indian and foreign, 
proved to be equally futile. 

So. some of my chuck, catapult glider 
kits and control-line models are now safely 
in the attic, even without a hope to be 
finished—unless some ‘real’ aeromodeller 
who goes through this letter feels like 
helping me. 

RAJA COPAL 

Kuhffokurthi^'iOO Xf4 
Andhra Pradesh 

Attention UDCT alumni 

The Department of Chemical Technolo¬ 
gy. University of Bombay. (UlK'Ti is celebrat¬ 
ing its Golden Jubilee from 4th August 
1984. A series of prog’ immes, like plenary 
lectures, seminars and symposia in various 
branches of technology and chemical en¬ 
gineering, alumni get-together and other 
celebrations are planned for the Golden 
Jubilee Year. 

We wish to reach our alumni for their 
active participation in the Golden Jubilee 
programmes. The Jubilee will also be used 
to institute programmes for the future 



where active and sustained co-operation of 
the alumni is desired. The alumni and past 
staff members of the Department may 
furnish details such as, name, year of 
receiving degree, branch of study, career 
profile and other relevant information to 
Prof. D. V. Rege, Director, udct. Matunga, 
Bombay-400 019. 

K. K. TIWARI 


Oonuenar. ikddm Juhtke Cdebratams. 
laXTT, Bombay 


Lead in auto exhausts 


The article “Lead in auto exhausts” by 
R. N. Khandekar (April, 1984) made an 
interesting reading. The problem is taking 
its own toll, and we arc helpless spectators. 
Our metropolitan cities are highly polluted 
with lead pollution due to heavy traffic and 
lack of alternative traffic outlets. 

The author has, however, ignored to 
discuss the situation in Russia, and the 
protective measures used by that country. 
Roads with heavy traffic are provided with 
alternative traffic diverting outlets and 
automatic indicator units alongside the 
roads, signalling the concentration of 
smoke and noise generated by automobile 
exhausts. If the concentration of smoke and 
noise IS high at any place, especialy at 
pentagons, then the traffic is signalled to 
stop, and diverted. This greatly minimises 
noise and lead pollution. 


MtendMogg a Physnhgy Lab 
Department of Botany. 

Saugar t/nweraity. 

Sayar.M P. 


N. K. SAKSENA^ 
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IVm the madkintf iQ tin US> A fvotd^ 
of one tmiichtM Vw cetofMid 
recently by ROboT Delimce it 
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with logiml "ebeny tmpipme^. It n < 
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‘^TViE efficacy of a pubed magnetic 
14 ^ In Bw treatmernctf irou'^miting 
^rddhirec was belted Hwcestfiil^ in the 
IK reeeotly. 

lUwnts wiBi fractures of the tibia 
avhich had not uroted for at least SI 
* brtowenchoiw.Th^wettian^ 
aWMOlM either im acti^ 

fkU stamdritt. Their lags 


'iMiy tmdbMe. Sdentiats an to 
japiailring Bn potential of 0^ 
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> tpath iMpt m fiilMongUi ptafte te Hi 
tedit Tterciuteehowod Btef^^ 
te ^ ^ tdte (Mittents wMi woPMhf I 
jw we htoit and bi five of Bk oaMtel 

x^^tht magnetie BeM therapy was/ 
imtffiapwtemfaertechnii^ ' 
■HhmdAHood flow to Btt f 
jwmfii^andBie jhg. TUa paatoC 
^ tthJtodylt Jterhf iMMdM wBh bloorf' 
^ m M i .AttpinKteCtuwdborietfcMto ‘ 
' wtogaBteandda n a g adliffiaiiyteffit 
eund'ai desbad. 

V f 'Im thenigi bwelm Bw iffibctcd 
’ to Ig placad In a large magnetic coil.' 
wlM an etetfic currem fkiws through 
|m oon, the megnptic geld produ^ 
pmuiate a cerrnponding sr^ etec* 
^ currant m the bone and siirround< 

ing tteiMS. 

igMliljhiwtgh in id«^^ 

iHMlIivintt 

tJ^HENCE aiwQ« pays A tissue taken 
Jr more thm a decade ago from a 
eheomatoid arthntu patient by Carl 
Godoadd, a microbiologist at Eli Lilly 
Seiterch Laboratories m the US, has 
BOW helped researchers to identify a 
'idfUi Butt may cause the crippling 
PNWe. 

Codieskl had taken Bie tissue with 
the intention of identiijdng the virus 
But he could not for nine long years He 
met Robert Simpson, a Rutgers Univer- 
stly vtrologist, m 1979 who agieed to 
caamine the sample with his co-workers. 

On examination tt was dncovered that 
the agent, which they call RA- 1 . is 
sbnilar to parvovinises — a family of 
^rus ranly found in humans. When it 








wto iofiCfarf 'Mo mice, the animals 
similar to those of 
arthritis, such as stunted 
)0r9Wfh, crippled limbs and curved 
•Ipfties. An immune response to RA*1 
virus was found when mice were tn- 
jpcted Mdth tissue of other rheumatoid 
arthritis patients. 

'1 Researchers are not yet sure whether 
the new discovery will lead to a vaccine 
because parvovirus do not grow well id 
cell cultures. .However* the discoveiy 
itself is a major breakthrough in the 
search tor a vaccine against a disease 
that keeps five per cent of the world 
population crippled at any given time. 

Stinger misstiesftfI t<» 

*stiiig* 

T he sale of stinger missiles to Saudi 
Arabia by the Reagan AiMinistration 
has no military sighiTicafice according to 
a recent report by Claudia Wright in the 
AMi Statesman. The Stinger is a hand- 
.Rred missile that can protect oil instalfa- 
, tKM from air attacks. 

Itre Stinger was developed in the late 
,1970's by the General Dynamics Corpor¬ 
ation to improve on the US 'Redeye', the 
British 'Blowpipe* and .the Soviet SA-7 
*Str^da^ Soviet missiles were fired in 
brge numbers by the Arab armies dur¬ 
ing the Ramadan war of 1973. The 
drawbacks are that firings in desert 
conditions are deflected by the infra-red 
sources flashing across the landscape; 
Its infra-red homing mechanism is too 
clumsy for most battlefield conditions. 
So it is difficult to Are at aircraft trom a 
he&d-on position. Similarly, the 'Redeye' 
which was despatched to the Chad army 
against the Libyan air-force showed that 
not a single missile could, be fired 
properly from the hand-held tube. 

The improved Stinger missile was able 
to strike jet aircraft from the head-on 




poaitipii only if, tiifi atUdkvr ^ ,ili i 

•traitfht Ibilb .did aot manoMiw 
did. not <1^ (Qodem heat^lartt . tio \ 
(iec«ioe th^ndisiio. The maiior fliMf k'.. 
that the waihead is vciy (Mdi, hmind' 
one-kilognm expiosive. it lack! a ^.. 
ximity fiiae and it must etrike 'the 
aircraft in order to detonate. Bvenflich' 
it is not lethal, hence nuMt airenft ^ 
survive the blast. 

In* bridht desert sunlight 6f over 
water, the missle has been known to 
lock on to douds and other harmless 
reflectors of the Sun's infra-red niys. 
The ineffectiveness is not (hsdosed to 
the Saudis. Thexesuits of die secret tests 
carried in New Meitico have not. been 
publicly revealed. The American press 
has not reported the pr d dems wtth tlw 
Stinger and consequently' made the 
missile look more effective than it is. 


A watchdble crulf 

H OW to test the structural strength 
of a nuclear fiiel flask? Crash it 
headlong against a 160km-per-hour 
train. That is what the Central Electric¬ 
ity Generating Board (CI^gB) of the UK 
has decided to do sometime next month. 

The crash will take place on a railway 
line specially built onto British Rail's 
high-speed test track. It will be watched 
hy 2.000 spectators* including journai- 
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T he fndiduMitoitt .of ifa« UfelKi^of 

die bottom fluarK, one of t6i(;iitost 
basic bjb of natuie nwy spbalqad to its 
oompsnlop^thsiop quark, whi^ hps so 
krsk<dedi0pntirts. 

ffeisflltislp %eireto' dirt .sbi of 
qus^ -existv TKay'Sid up. down. i 
stekfige, chRHri;n>'h6ttoi» and hqi.' A triad' 
bf up and down quarks tihdw'iv ptotohs 
and neuttons. All but dia top quark have 
been found so fu'.' 

Reseupchqrs m.the US in their recent 
experiments toaa*und die distance a 
'bottom qtMrk tiRn«lsfr(»n the tftne it is 
created in a Midi energy collision of 
particles until ft decays or tiansforins, 
into a different aiementaiy paitide. The 
flight path led them to determine the 
life-time of the bottom quark which is 
only 15 picoseconds. 

William T. Ford, a UniversHy of Col- 
arado physicist, says that the knowledge 
of the iife-time of the bottom qu^ 
allows researchers to calculate die mass 
of its companion. And the top qttttk’s 
mass reveals scientists the amount ctf 
energy they will need in order to find ^ 
using a .particle accelerator. .... 
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.^lA fottfio jAmsMm 
ftnoh'NMSM these potl* 
oQMHcied researdv of their 



:, MHtihg in liHcctii, cited the 
of an Astrophyticist who <iuit 
to worfcitt ahetectriden on a 
eollM^ Arm, where'he ewmed Qirice 
'as - 

A ^Uar sort' of a. situation also 
prryaihC, in -qtbdr coiifntries,. including 
'hiAhi .ftately does a young scientist in 
his thh^to get an qjtportunity to con¬ 
duct the research of his choke. He has 
to obey'ifae dictates of his superiors Ult 
he Is well past his dvative best. Under 
ttiese dnnimstanees it is only the sheer 
pefsistence and love for science (not 
consUeiring tfw eomi^cte absence of 
opportunities in certain very highly 
spedaiiacd areasl which drives Um sclen- 
tiitts to oonthwe sriUi their research 
work. 

BiuUnttiie tmnid of Adcaog 

T HK wall'Of siieiKe that hemmed in 
fiveirear-ald TtW^ Hutted has at last 
been-broken. At the age of three, Tracy 
hMt her houring. when an attack of 
meningitis dsth^ed the sensitive hair 
oc|lt to both iMteT'eart. Doctors told her 
7 ptmnts, ,L«n%.aDd. tioetle pf Upland, 
CbHinBiie, ,USA^ tlpg tW’s hmring 
wouig'he. toet tor cwk. 'Tracy became 
withdrmrn, her ipeedh became unintcillgi- 
ble. Onfit a hapnr child, she became a 
prisoirer in a world of silence. 

BlUt.now a stvahitionary new techni- 
pue has been deveksped the House Eer 
Institute, Los Angdes. Tracy has . been 
given an artUicid mr. Sha can now 
redte nunaiy ibyines and dance with 
other chiidrenbgajn. The rnedhalintia- 


Pnr some children their first experi- 
once of sound can be traumatic. Octo- 
siondly they, fed an uncomfortable sen¬ 
sation in the middle of their forehead. 
Gndudly th^^occllmatise themselves to' 
their new ear, 

(Asia Feaiuna) 



Manoeuvrable building 
bottseg new teleseope 

T he Australian National Univ^rsfly 
lANU) has developed a new optical 
telescope, considered to be one of thi^ ^ 
most accurate and efficient ever built, jit 
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Tba new Awmfqg M has a tiny ettil 
huplsnltd in the hone behbd the ear 
wMcb to attadM to a teht huerted In 
the bmr oar 

the institute to be fitted with an external 
stimulator. The stimulator is a small box 
which converti sound into electricity. 
The boK is carried tor Tracy in a small red 
backpack. 

Totd deafness, whether from birth or 
meningitis, is usiially caused by damage 
to the hair cells in the cochlea. These 
hurs convert sound into electronic im¬ 
pulses that are carried along.nerves to 
the brain. The stimulator converts the 
sound into dectridty. This is then 
channelled into the wire device in Tra¬ 
cy’s ear. Prom here impulses are carried 
ahmg the acoustk nerve to the brain, 
which perceives them as sound. 

Pldkavtog surgery, Tracy and her 
tototot' returned to toe institute for 
txatohig arid tests- PUients who have 
■had the inpiapt spy that they can 
duDnguilh bietioeea male and tomdle 
' yotoe*.-They cm Idso hear their own 
' vfiMth to'toeyem modulate Qwir tone. 
'‘;Agoiliiu'toto^;to ,dMy cm Jwar 
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The tnlenul etruetun of the new 
scope 



“fhare's planet Krypton.,, and who- 
oosh, dim’s Superman's mother/” 





WiMt fludcM Alex nm? 

E arly this year, the US Department 
of Energy announced it Ennco 
nmU Award (1983) for Alexander Hol^ 
iMnder (to share with iohn LaiivrepaA> 
this B a rare honour for a piMEMfnig 
biologist who joined the nnlet oif WkAt 
luminaries as John von 
Eugene P Wigner, Glenn Se|itoi|g,i 
Betlic, Otto Hahn and Use Ni^lifar. 
Even at the age of 85, Koltaender nwiM 
on a cinder track and to one nay a^ 
what makes Alex run? b it the guRL 
edged insecurity of an hnnugrairtiiRiieli 
fueb one to be more than twice aa ttslM 
as any other native to hb countty or b It 
hb personal style of restleseneei and 
overactUeving? He b stW oipnMn(| 
eympoeia and editing kooka. hearing 1 ^ 
eye on the iutiat devdopniMb b Mt, 
sciences and on juntattion of endfnib' 
ment As a general editor, with a ggtot 
of 28 volumes bi Baiic Life 8cieito» 
Series of Ptonim Pnsi atones ho liai 
almost become a one<man utoMiy, Y«t 
brmgmg «ut such a tofgd number cf 
volumm ow be mgy an enqagrtor aetor 
petfemMr on the aoentifie aiageipig I 
may profltabib look in ftasNbcli all 
caratf vditob made hhn and hb Bbhgy 
Divbion at Ode Ridge Nattoiai tifeeia- 
toy gmonymous vnth innovative va- 
seaich. 

In hb personal research contrito* 
tons, he nuy have come quite dose to 
dboovenng that nucleic acids wen the 
pnmary genetic material Suchadtow^ 
ton would have been possdite feom the 
action spectra of uv wavetengdis for 
inducing mutations. But as b known 
that not tiH the early J950’s was nb 
accepted as the gene substoioe and this 
was so in spite of the earlier definitive 
finding of Obvald Aveiy and his co-wor¬ 
kers that the transforming prlncipb was 
im Perhaps more than that, he was 
amongst the first to observe the phe¬ 
nomenology of cell recoveiy from radia- 



4i» danMge which from the latar 
gam worhvd Richard Setlew and othbl 
btnied otk to be a manifestation oftok 
rdfito* llil Mto aspect of MttmefabdL 
bm had mR bimn presaged, 
be orgMbedand duacted the Rfohto 
‘QiAiUdRB National Labito^. 
Imy aiAMlKlWIfa. Tentwsaae, vriM ‘ 
bemi to a 4|MR|to«Rgnct.eMin for 
Butvom iRlwPhHiiiniil^ He enBdedb 
number of briUiant smentiste to fiiA 
migiive iHuktolMb of Oak RiMige anfr^ 
Btuibha^bfrbhion buitt research pmg^' 
mnmas4toundthens.Wheitosrtinlgtt ^ 
him bems aigweted that bb Divhito 
wohM eanoecindie ou atudbs of ttm*' 
gtto effects df ndmtions, he bmi^* nl 

beced Rw lesaaetfe pngranuito of Ruf 

lahoiaitoryi«Gefnliingvefymudi4Mi(l, 'a 
of olhto that Jsnetto would {day a|Mg„ 
rob in bpfh bnsic and apphed btobtei' 
bi order to attoct vbib of Rie aa^ 
talent, he cotoceived of oiganbmg Rie 
femed Oak IQdge gymposb at toRiiK 
biug, Tenneaaee in the Smoky Moun¬ 
tains, It b an htteresbng stwy how be 
decided tobave the symposia at nearby 
CaRinburg and not at CM Ridge, 
laender wanted to invite the great Cdl- 
ledh chembt, Itois Fauhng, to his firat 
symposton but realised that Lmto, 
because of hb pacifist activitiet. Was 
considered a nubance by the establish- 
ment and therefore may not haw been 
cleared to come to Oak Ridge Natonal 
Laboratoiy. He promptly moved the 
venue to CaUtnbutg which at it turned 
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mM catowive bafedtoo bigger Rww 
than radlaRone in Ab napect. Hb 
pimdbtbingatobraiightintheBiuo' 
foani who started (heiEuropBan SocMy, 
foibwed bythelgidneseandfinaBythe 
• totont, with X, Bundamni as Rw firb 
President of the Environmental 
Mutagen Soeiefy Of bidb. With Fred de 
Bcnei, Hidlacndar yuMbtod another 
lariee of itodb on Obemleal Mtogens 
also conttoMn to Rib dip. 

Yhb profile.of Alex would not be 
compicto without saying a few words 
about hb better hafr-Henrtotla—who 
apart from pmvidiiig him with the 
Mceitaiy anotonal support nuy also 
haw gotten hto intmated in art 
Together, Rwy haw a ingendaiy collec- 
lion wMA melude* wwks of MaxRrnst 
Aadb ^Mteih, Atoander Calder, Mark 
Rothko, Kuna fkmnann and m particu¬ 
lar Rioae of CoBiA (Capenhagen, Brus- 
aria and Amstefriaiid artists When he 
was oontuipiaftofe a move from Oak 
Ridge to iKtthlngton DC. and was 
tookmg to an apartment there, a friend 
tobtolA suggested to tom to sdl bb 
ftothho to buy the apartment He be¬ 
came quite seneus gnd toM hfan that he 
had bought Itibrhbjtorsonidpleaeue. 

Bo, what neataftar ttosmaiaRnn of 
aebvilyf To lAenton afew;a tonpoiium 
tbb year on ‘Ttondds’* at urfaana, 
Illinois, In the US, ‘Xow^dtto effeeb*^ 
meeRngat Brookhwien Natkanal Labon- 
tory and yes, even a symposium on 
‘*Gmetic engmeertng" m Calcutta m 
J98S. Hollaimder‘8 is not a passing 
show 


a cost of $3 2 million The Z.3-inetre 
telescope has started frinctioning on 
Sliding Spnng Mountam m the Vto' 
rumbungle Ranges near Coonabandiean. 

What IS unique is the tdespope'S 
manoeuvrability The budding wiifcb 
houses It IS cube-shaped and rotates 360 
degrees. It is computer-centroHad amt 
can be operated from the Mount Strom- 
bo flfintivatoiy m Canbern. The tRo* 
S(m|b^ be used an the 24 iMMita a>A 


will opeiate in mtrared wsvelenfUrt 
during day tune, 

Brv«fliedfC|>or4ie 

S portsmen engaged m stresifid 
gnnes bfre squash axe vulntrabie to 
sudden death. 'Ah was thought to 
due to heart^dbeayet Riey wne tM 
aware of or excessive strain on SfS* 
player's heart due to feck of 
' Allan Fowto of Bridgend 



WMcs, iirito studied ?0 cases of squash 
piayew who die{l anddenb; bw aBotber 

focpfcratkvii 

He tam duifng aiMigrtb egantoes Rto 
body teieases awenaliiM * 
fatos the heart m 
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VIEWPOINTS 


‘ Call for an 

Association of Science Writers 


I ”ND1A has a big science establishment. The Science 
Policy Resolution adopted in 1958 by the Parliament 
0 r\joins us to participate fully in the march of 
i^ience which is, probably mankind’s greatest enter¬ 
prise today”. The objectives of science policy were explicit in 
the Resolution as raising the standards of living of our 
people, effective development of material and human 
njkurces, enhancing self-reliance, and ultimately, reduc¬ 
ing the gap between the advanced countries and a backward 
country like India. 

Last year we also adopted the Technology Policy 
Resolution. In the intervening period our national expendi¬ 
ture on science and technology (s.fiT) has constantly 
increased. We have created a very large scientiflcally trained 
manpower and are able to handle the more sophisticated 
technologies. We have comprehensive nuclear and space 
programmes, we go to Antartica and undertake deep sea 
mining and oil explorations. Our food production has more 
than kept pace with our population increase and new 
technologies are playing an important role in the defence of 
our country. 

y However, it is largely accepted that this scientific 
growth has not been able to deliver goods commensu¬ 
rate with its inputs. The rate of growth of our 
economy has been far lower than that of many other 
developing countries. More importantly, s&T have not 
helped the weaker sections of our society to the extent 
expected. On the contrary, the process of development 
seems to have actually increased the gap between the rich 
and the poor in our country, and added to the number of 
the impoverished and the destitute. The economic and 
technological gap between the more advanced countries 
and India has also widened. 

There has also been a major deterioration of our 
environment in several sectors raising serious questions in 
^ some quarters about the wisdom of basing our development 
on unrestricted use of modern s&T Nor has there been a 
satisfactory progress in the development of a modern 
scientific outlook among our people. 

Indeed, the vast majority of “our people, even the 
literate ones, have never heard of our s&T policy resolutions, 
have no feeling for the method of science; many may even 
show an irrational hostility to the scientific ethos. Even 
those who do look up to science as some kind of panacea for 
all our problems, have little idea of what is going on in our 
laboratories, how our science policy is made, how our 
technological priorities are set, how scientific institutions 
are organised and what we can realistically expect from our 
s&T efforts. 

-Many discerning observers now feel, maybe with the 
advantage of hindsight, that one of the major lacunae in 

g ir entire s&T developmental effort has been this lack of 
iformed participation and commitment on the part of a 
large section of our population. Now they feel that there is 
clearly a need for a more critical analysis of the past 


performance of our s&T infrastructure and a revision of our 
future priorities. In such a revision, a more vigorous 
participation of the people at large is of obvious importance, 
if the past mistakes are to be avoided. 

Importance of popular science writing 

For creating a mass awareness about the issues related 
to the use of s&T in national development, science 
journalists and writers have a crucial role to play. The 
importance and necessity of popular science writing to the 
overall process of modernisation cannot be over¬ 
emphasised. Popular science writing includes writing about 
newer developments in different scientific and technologic¬ 
al fields in a simple language for the benefit of non¬ 
specialists, and. the whole gamut of issues related to s&T 
like organisation and functioning of scientific institutions , 
and production establishments using s&T, technical and 
financial decision-making in these institutions, problems of 
people who work in these establishments and their morale, 
interactions between science and society, decision¬ 
making at political levels, and interactions of local and 
national science with science at international levels and 

with politico-economic and military forces. 

1 


One of the many factors responsible 
for the failures of our S&T is the 
absence of an informed participation of' 
our people. Popular science writing can 
greatly help in removing this lacuna 


Some of the more important issues science writers 
have to examine and bring to the attention of people are: 

To inform people about the latest developments in 
various areas of S&T in a language which non-specialists and 
lay people can understand. This will enhance the general 
level of awareness of the people about their environment 
and the major forces shaping this environment. The 
increased involvement in scientific issues will also indirect¬ 
ly help in inculcating a scientific temper and encourage 
rational thinking. 

Providing a source of in-depth, independent informa¬ 
tion about important areas of science for the people and 
policy makers. Most of the policy decisions are taken by the 
political leadership and administrators who are advised by 
scientists. The latter, though most qualified to look into 
purely technical aspects of the issues involved, have their 
own limitations and often a vested interest in the develop¬ 
ment of specific areas. Hence they are not always in a 
position to give objective advice in the best interest of the 
people, who in the final analysis support all s&T and who 
have a right to expect maximum benefits from it. Under 
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such circumstances, availability of an independent source of 
information of the various aspects of the issues involved 
can be of considerable help to the decision-makers and to 
the people at large. 

And presentation of latest developments in a simple, 
comprehensive style can also inform scientists about 
developments in other areas, where they m^ not have the 
necessary expertise, but where they may have to take 
decisions. 

The importance of science writing is already recog¬ 
nised in the country. Most of the newspapers and popular 
magazines regularly devote some space to news related to 
s&T; several language publications can also boast of popular 
science writing. Major scientific meetings usually get good 
cowrage. Science-related events like space flights, Antartica 
visits, test-tube babies, new cereal varieties, etc are ail 
considerably played up. However, often the reporting is of a 
superficial nature. Much too frequently, official handouts 
given by different agencies and government departments 
are reproduced in toto, in the absence of professional 
science writers who could critically assess the information 
in the handouts. Such reports tend to give an exaggnnt^A 
picture of our achievements and often portray sat more as a 
source of (false) national pride than as an agent of 
socio-economic and cultural development. 

On the other extreme, there are also instances of 
unsubstantiated criticisms of our entire scientific enterprise 
and of exhortations to reject modem S£T because it is 
considered mostly of western origin and hence not desirable 
for our society. One consequence of such reporting has 
been that mt have become, to some, an object of 

passed at 

the SdenceUMt^ Workshop 

P O and nm. the wpw g i a i * ef Oe Sdenee WritiM 
Workshop held in Ndai MM Mmn 21 April andSMv 
J9M should: 

1. Inipieis M M managtiaM MdMurent nowsp^ 

cmpky hill«tinie science jourhaiiitB on flieir staff. 

2 . Bncoiftaie admee witters in the countiy to put up a 
oHxcdhiated Uront, especially when peUie kiteiest issues ait 
published hi one section of 0ie press. 

3. Institute an award for sdanoe writing, in order to 
iidtiateinorcpeepiefaitopopular science wnihig anOencoursfle 
SSKeHence. 

4. Work towards the formation of an Association for 
Science Writers. 

5. Organise regular short-term couria for the benefit of 

science writers, to acquaint them with compies adentifle 
topitt, capeciaiiy thoac of cuiitM interest and social relevance. 

6 . Work tawaids the evdkrtion of a cominon sdcntific 
tsnafaMlosf ItKaa Indian languages. 

. 7. Enrouifgi establishmint of more popular scicnoe 

jouiliab M diflarcM Indian laiqp^ and hefo thefr gtow^ 



unwarranted pride and to others an object of mindless 
hostility. A realistic appreciation of the importance and 
limitations of science as an agent of socio-economic and 
cultural transformation and intellectual awakening has not 
yet developed. 

Formation of aclcncc writers'assqciatioa 

At a recent workshop, organised by the Press Institute 
of India and the International Developmental Research 
Centre of Canada at New Delhi “to enhance the skills of science 
journalists", these points, among many others, were 
discussed. The participants felt that these issues need a 
more serious examination by those involved in science 
writing for the mass media, including professional science 
journalists and scientists. It was also felt that the formation 
of an Association of Science Writers will be useful in 
examining these issues and initiating steps to improve the 
level of science reporting. Besides establishing better 
channels of communication among those interested in 
improving the standards of science writing in the country, 
such an Association also can act as a bridge between 
scientists and science policy makers and the people at large. 
It can also encourage professional excellence among science 
journalists and also look after their collective and material 
interests. 

The debfiled objectives of such an Association will have 
to be worked out collectively by its would-be members. 
Those who concur with the i^ of forming such an 
Association and would like actively to participate in its 
formation and functioning are requested to get in touch 
with us with concrete suggestions. 
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PROPERTY OF 137 


M ultiply any natural number by 137. 

In the result find the sum of the 
squares of the last two digits and the 
remaining number block. We find the added 
number to be a multiple of 137 (SCIENCE 
TODAY. September 1982, p. 33). 

This can be generalised as follows: Split 
any multiple of the number into two digit 
bjocks (in a way described later) and find 
thi/^ power of the two digit blocks (n takes 
the value according to numbers and the way 
the products are split up). The resulting 
number is always an integral multiple of the 
original number 

Any factor of (10*"+(-1)'') including 
itself exhibits the above generalised proper¬ 
ty. say. G-137 Here p and q arc integers, 
where q is the numbei of digits from right 
in the multiple or the point at which we 
>plil the product, say, SP--split point and p 
IS the power to which the digit blocks are 
raised, say, i - index 
Take 999999 which can be expiessed as 
(lt)‘'X-‘l)‘) Any factor of it like 
y:, 13. 91, 999. 142H57 etc exhibit i) 137 
property with SP=2 and 1—3 
For example, lake 142857 
14J857X2-2857/ 14 
SP---2 

2«57 +14'(1^3)=23320119537 

MAGIC 

« 

TRIANGLES 


= 142857 X 16324J 

Please note that the same number 
999999 can be expressed as (10'''+(-l)*). 
So the factors exhibit G-137 propertv with 
SP=6 and 1=1. 

142857x19=2/714283 
2^+714283 = 714285 = 5 x 1428.57 
The numbers 37. 3. 9. 27. 111. 3.33, 999 
arc factors ot 110* ‘ ■+(“ I)*)- So they exhibit 
G-137 pr(»perty with 1=3 and for any 
integral value of the split point. 

For example, take 37 
37x49 = 1813 

SP=1; ISr -H 3‘ = 5929768 = 160264x37 
SP=2. 18‘-fl3*=8029=2l7x37 
SP=3, P t813*=537367798 

= 14523454 x 37 

So far we have seen the index only taking 
odd values The readers can easily check the 
numbers 73, 137 and 10001 exhibiting G-137 
property with indices 2. 4 and the corres 
ponding .spill points 2 and 1 It is now very 
clear only odd numbers can exhibit G-137 
pioperty and that too, not all numbers. For 
example any number ending with 5 cannot 
exhibit G-137 property. 

T. Gopinath 

Mr Copmath is wrth the Indian Institute td 
Science tianaatare 


U SING numbers only between one and 
nine (both inclusive) we can form the 
following 17 magic triangles. The inter¬ 
changing of two numbers on the same edge 
should be coasidered as one triangle. 

Benny Kurian 

Mr. Kurian is a student at the Kendiiya 
Vidffalaya, Coimbatore. 



(^5 7^3)f45-S -3-^(3>-5 4-^(5)-4- CV> 6“ 1' - 6 

^ CQ 

9 7 'Si 58 J6 4 5 6 ,5 4 

\ 9 / ‘ J \ / ^ 

(J)) 1 8-®C73“2 --4 4 2-C9;(8>-5-1 •{9X2> 4 B 

■ @ ® s; 

e ^6^1 9^4 .8 2 5 I 


J ■ ' \ / \ J 

tt? ® 9 6 

(5^4——2*^9) 


A magic square 
for 1984 

I T IS composed of leap years only. Each 
row. column and maior diagonal adds up 
to 1984 as do the four corner squares. The 
numbers used arc from 460 to 488 and 504 
to 528. Note that 492. 496 and 500 are 
omitted. As a matter of fact 492 and 500 add 
up to 992 which is half of 1984 and 496 is 
one fourth of 1984 

Kishor N. Gordhandas 

Mr iinrdhanda^ if a mining engineer in Hombay 

Curious identities 

I T IS not difficult to find a set of numbers 
the .sum of which raised to the power 'n' 
will be equal to the .sum of another set of 
numbers (containing same number of 
terms) raised to the power of n’ Such a 
relationship holds good for value of n-1, 2 
and 3 The following identities are given for 
4 and 5 terms on each side where the sums 
are equal for any values of 'x' raised to the 
power of ‘n* equal to 1. 2 and 3 
Four terms on each side 
(xr + (x+4)'' -♦ (x-l-7)'‘ -I (x f 11)' = (x-f 1)" 
♦ (X-+2)" ♦ (xf9)' f 
A.ssijnie x - 12. theielore. 12" -f Ifv -| 19" 
+ 23" = 13" -f IV -f 21" + 22’. that is, 
12 + 16 + 19 23 - n ♦ 14 4 21 4 22 - 

70 

12 + 16' + 19 i 23 13' ♦ 14 ♦ 21' f 

22' - I2M0' 

12 + 16’ -♦ 19 + 23 - 13 f 14 + 2r t 
22 = 24850 
Fwc terms 

(xr + (xH 3l"+(x-f 111 I-/X 1 12) Mxtl9l"- 
fx-f 1)' \ (/^-2^■^ (XI or i (x *^13) f (x4 18)" 
A-sLime X 23. fherctore, 

2,3 -+ 26 f 34 + 35 f 42 24 2,5 + .J2 t 

36 > il I()0 

23' I- 2l»‘ I 31 ♦ .r> -( 12 ■ 24 + 25' *- 

12 » 3b * 41’ .5.350 

23’ f 26' + 31 I L5 -f 42- - 24 ♦ 2.5‘ f 

32 + 38' * 41' = 186010 
These identilies ^an he exf ended uph* ten 
or mole terms on either side bv appropridte 
combination of numbers on each side 


D. S. Desai 

Mr /V.sa/ is a cunsaUmg engineer m CaUutla 
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Desmond Avery 

NLY dedicated followers of sci¬ 
ence fiction used to take this 
kind of talk seriously a few 
years ago. Now businessmen 
and bureaucrats take notes. 

Comsuts (communication satellites) as 
large as tennis courts can just he 
squeezed into existing launch vehicles, 
to unfold like glittering metal flowers 
when they reach space. But in another 
decade we shall need satellites as big as 
football fields—ultimately as large as 
Cities (indeed, some of them will be 
cities^} They will become possible 
thanks to manned transportation sys¬ 
tems like the Space Shuttle, which can 
carry construction crews and their 
equipment into orbit. 

But why do we need such huge 
salellties-—what have they got to do 
with the problems of the Third World? 
The answer may seem paradoxical, even 
perverse. 

The speaker is Arthur Clarke, 65, 
father of satellite technology, author of 
2001—and 2010—winner of the 1982 
Marconi Award. As a member of the Sri 
Lankan delegation (he is still British 
but has lived for many years in Sri 
Lanka), he is addressing the first ses¬ 
sion of the Intergovernmental Council 
of the International Programme for the 
Development of Communication (leoo. 
held in Pans in June 1981. iiis theme: 
New Communication Technologies and 
the Developing World. While develop¬ 
ing countries are exploring possibilities 
of using new technology to solve their 
basic problems, it demands a high 
degree of professional training and 
competence to make use of these new 
artefacts. They have to be developed in 
the context of the region’s ‘‘felt needs ’ 
Also third world cadres who could use 
this equipment have to be trained 
This will also be the programme tor 
training and research at the Sri Lanka 
Centre in honour of Arthur C Clarke 
for the study of communication, ener¬ 
gy and >p*Ke technologies, proposed by 
the (Jovernment of Sri Lanka and 
approved loi support by the IPDC 
Dr. Clarke is contributing $20,000 
he received to the protect I le was cited 
"lor first spccilying m detail the poten¬ 


tialities and technical requirements for 
the use of geostationary satellites of 
global communications; for other in¬ 
novations in communications and re¬ 
mote sensing from space throughout a 
lifetime of promoting the benevolent 
use of advanced space technology’’. The 
IPDC IS contributing $40,000 from its 
special account. Moratuwa University, 
looking out over the Indian Ocean has 
provided the site and the Sri Lanka 
Government is sponsoring this project. 
The overall cost of establishing the 
project over the next four years is 
estimated at $4 million, and discus¬ 
sions on other forms of international 
co-operation are in progress. 

Why such a thrust for ultra¬ 
modernity in a tranquil spot like Sri 
Lanka.'’ Because, as Clarke sees it. in 
highly developed regions like the US 
and much of Europe, communication 
satellites are a great convenience, but 
are not absolutely vital. These coun¬ 
tries already have .excellent cable and 
microwave links. 

To many developing rountne.s. however, 
satellites are essential, they will make it 
unnecessary to build the elaborate and 
expensive ground systems required in 
the past Indeed, to such countries, 
satellilLS could be a matter of life and 
death To put it as dramatically u\ 
possible, unless major investments are 


made in space, milliorui are going to die. 
or eke out brief and miserable lives And 
most of those million^ will be in the 
Third World. 

Let me explain this paradox, whit h is 
typical of the way in which technology 
affects modem society -and is why no 
one without some understandmq of 
rhese matters should be allowed to enter 
the conidors of power 

Because the first comsuts were small 
and feeble, it was necessary to build 
huge, multimillion dollar ground sta¬ 
tions, with dishes thirty metres across, 
to contact them. Thus their sole use was 
to provide links between national tele ► 
phone, telex and tv networks—ivhete 
these existed. They minsformed thi 
pattern of world communications, but 
did not directly affect the man iv the 
street still less the man in the mud 
hut. 

That situation is i hanging with ry 
plosive speed. When only a few scofc 
earth stations were involved it made 
sense—indeed there was no alternative 
m the ]9(}(ys and I970's —to put the 
complexity and expense on the ground. 
But now that there are larger and more 
pou^rful satellites m orbit, ground sta 
horn can he much smaller and cheapei 
Indeed, for the simplest ones the cost 
has heim reduced a thousandfold* Afl 
over the there are now homes v'ilh 
dishes about three melies across piuc- f 
mg up scores of programmes from the 
communications satellites hovering 
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high in the sky. Soon these dishes will 
be less than a mire across, and every- 
one who can afford a tv will have them. 
This is the beginning of the 
DBS--^irect Broadcast Satellite^e- 
volution. It means ultimately a few very 
large satellites can provide any type of 
service—telephone, television, data, 

^ ^mputing facilities—at extremely low 
capita cost to every member of the 
human race.,, except for those rather 
few people who live near the North or 
South Poles,,. 

Will this not just open the floodgates 
to consumerism and propaganda, 
drowning cultures and wrecking tradi¬ 
tions? Clarke acknowledges that we 
frequently suffer from the scourge of 
information pollution, hut draws atten¬ 
tion to '‘its even deadlier opposite— 
information starvation". In the latter 
situation one is defenceless against all 
forms of tyranny—economic, social, 
apolitical or cultural. "The cathode ray 
tube is a window on the world—indeed 
on many worlds." Clarke argues: the 
pen is mightier than the sword and the 
camera is mightier than both of them. 
The fact that the electronic media can 
be misused does not mean that they 
should be prohibited—"unless we 
assume that the invention of speech 
was a big mistake in the first place". 
Flas not the greatest weapon in the 
struggle for human rights always been 
to communuate and publicise, by 
^whatever media possible? 

A valuable resource 

At all events, there is a high level of 
conviction in many developing nations 
about the need for research and train¬ 
ing in advanced telecommunication 
technology Moratuwa already has a 
Department of Electronic and Tele¬ 
communication Engineering and is not 
far from the satellite earth station at 
Padukka. It is equipped for teaching 
microwuvr and radiation engineering, 
as well as hardware and software 
aspects of modern communication 
technologies. Another valuable re¬ 
source of the university is the mind of 
Clarke himself, who was appointed 
f uiancftllor of Mmaiuwa university by 
President JavewaiJene ui Sri l.^nka in 
1980 



There is already lively competition 
among young scientists of the Asia- 
Pacific region for a place at Moratuwa, 
and it is likeiy to become worldwide as 
the new centre develops. 

The project is planned in three 
pha.ses. The first is in progress now and 
involves acquiring some crucial equip¬ 
ment, such as test instruments for 
energy research, microprocessors and 


components for an experimental sritcl 
lite earth station. During this phase the 
groundwork is being laid for collabora¬ 
tion between the new centre and estab¬ 
lished institutions speciali.sed m tlie.se 
fields abroad. Phase II will begin with a 
pilot programme of research and 
teaching at Moratuwa University, 
focussing on the curriculum and re 
search methods that will he used in the 
new centre Phase III, scheduled for 
1985 will star! with tht l onstruclKui of 
the facilitv ot Mi" Ul.nke Crnire .iml 
develop O', prop/arnopf latulfv .iiul 
the co-o>"d»natiwii ot't voik with llial 
of other iri.stitution. ..."K'od the v.i rhl 
The li)ng term o! •• m Mu . [.re¬ 
ject as stated by ' owimnent (U .Sri 
Lanka is “to enable tjic people (»l the 
developing countries to .'ic -lerale the 
process of develoniri' nt and .'/irtif iji.ite 
fully m the new world ordM ,/l inlorm.' 
tion and communi* ati io Manptiv.ir 
training for comniuoHai.iii . i t 
urgent need m ilic vkvelo)>,:»u' sn 
T!se Clarke o i. ■ • .v-p) 

he a ptorK''. r in iolJ 

t fU N( '1 
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Save your neck from 

Cervical Spondylitis 


H KI.LO Soman, whal is the protili-rn" 
You look miserabik* 

Doctor, I have this severe neck pum smce 
morning and a slight pturi m the neck for 
the last fortmqht Hut if ts fleeting m 
nature. Today. I (urmot even move my 
head / am alxt aettmg a shooting pain in 
mg right shoulder, arm and forearm on the 
right ^ide The pain is horrible and I feel 
like irgmg 

Now calm down Tirst lell me if you have 
had any similar type ul pains in tlie neck 
helore 

V'c.s. Mmi SIX months Ago I had a similar 
type of pain when there wa.s extra work in 
mv ntfice I used to sit tor eight to ten hours 
eonlinuousty witting reports and complet¬ 
ing the entire year's audit, ^t that time, I 
had applied some balm and taken Noualgin 
tablets and the pain disappeared in a short 
time. 

Whal happened this time'' 

This time the se,verity of pain is greater 
Are you doing anv exercises'-' 

VVs / do Shirsasana (legs up - head down) 
legiilarly and 1 have been at it for the last 
ten yeats 

One thing you must remembei is that alter 
the age ot tOyoii miisl not do .Shirsasana It 
hastens cer\*jcal spondvlitis as the entire 
body weight has to he bornt* bv the head 
and neck hones. Shirsa.sana also causes 
high blood pressure 

Whv does ccmcal .spondvlitis iKHir after AO 
years tii age'’ 

Till- iiivical verlehiac (neck bones) are 
Loiihoiled h\ poweilLi! neck and shoulder 
muscles In v«uilh when the miisiles are 
poweilul to *)<> per lent oi' the .strain 
occurring in the neck region is home hy 
them and the rcsl of th** str.un is home by 
cervical hones lint as vim glow old these 
muscles are exercised less and more strain 
IS put on the a'r\'k.il veilebr.ie This extia 
stiaiM caiiseil h\ exlia woik mav hasten the 
pi'Kiss ol sponcKIith ol the neck hones 
Ailualh what ts tins spondylitis'* 
^poiiilvlitis IS an inllarnmation (swelling) 
fii.'iiMin^ at (he loinis oi t)ic viifc-biai' 
this I an liap|u‘r cilliei due to sli cm or 
inpuv tn to degeneialion ot the honv tis^iu 
beiaiue ol nlii age. 

Htif win flic pain j/id stntne^s or nciA' 
tn iiK'uai \’eilehiae lw*» segmental neive.s 
pa-^s llnoiiiili the interx’eitehial foramina (a 
tinv ojHyiiiig) and the spinal lord passes 
(hroiign 'he central unal Now, in early 
uses o! .1. iiti icrviul spondvlitis. there is 
iiitlammaluM' in the roint>ot ttie veilebiae 
\ncl It the intlammation is not cuicd. the 
liquid ^tate ot intlammation gr .dually he 


comes solid state in a natural process. This Normally at your age (above 40 years), we 

solid state of inflammation is called adhe- must always exclude diabetes, septic focus, 

sives which may press over segmental worms, etc. These disorders will eventually 

nerves giving rise to shooting pains need corrective treatment and the X-ray 

In chronic cervical spondylitis, calcium is will show to what level cervical spondylitis 

deposited in adhesions giving rise to spur has progressed. 

formation, that is, hard horn-like processes And, will I he cured soon after / begin the 

may impinge on nerve roots or on the treatment? 

spinal cord. This al.so gives ri.se to severe Sure. But listen carefully. Take these (ai^i- 

pain in the arm, shoulder, or superior inflammatory) medicines which will reWeli 

extremity or may even lead to partial your pain and swelling of your neck and 

paralysis of the hudy. apply ointments, like Relaxyl locally. You 

So It’s imperative that the neck and shoul- will need infra-red therapy applied in the 
der muscles are .strong and well-toned. neck and shoulder region to relax the 

Positively If your neck and shoulder mus- muscles.And as you have indicated pain in 

cles are powerful and vou (an avoid over- the shoulder and arm regions too, you will 
strain, like lifting heaw loads or even also need a cervical traction. It helps in 

reading and writing for long hours, your increasing the space in intervertebral tor- 

chances of getting cervical .spondylitis are mina and hence relieves pre.s.sure over the 
raie. nerves.. If the pain is severe and persistent 



Neck exercises to strengthen neck muscles 


Doitor. arc there anv other symptoms the you will need a cervical tullar which will 
patients present m ccitilaI spondvlitis^ restrict vour neck movements completely 
Oh ves. There can he pain in the back of Once the pain i.s relieved, you will need 

head (occipital fieadaLhes). giddiness OLCur- neck-shoulder exercises which will be e.x- 

nng when the neck is held in a particular plained tcj you by a physiotherapist, 

position, wlm h disappears with a change in Will this treatment make me cornpletch' 

P(»silion ol the neck, ai'd pain in the left normal or will I have to undergo sutger\' 

side ol the chest, shoulder and arm This evenhsallv'^ 

soil o! pain is similai to the tvpe expel I- .Suiger>’is needed only in those cases when* 

enced during a heait attack And. so first there is no response to medical treatment 

(i! all hear! tiouhle has to he luled out with or there is an increase in the weakness of 

an eleclroiardi<»gia|ih (I-XC.). esf)eciall> in the muscles ol extremities But in your cast 

»>ld pei'ple yc‘U need not w'orrv as you have cenne uiiv 

what would you advise me to do* Doctor, a Iasi question Have I to wear the 
I am advising vou to lake the following tests cenvea/ collar tor a Jong time^ 
an X-iay of the cerx'ical spine, urine, .stool No. just for a tew days or weeks, till Itie 

and blood i-xirnindtions and a check-up of muscle spasms of the neck are reliex'cd. The 

hlood sugtii cervical collar acts like a support to yoiir*l 

U7jv do vou want all these mvesligatiuns neck, iust as a walking stick relieves painful 
perttumed' knee joints 


20 .SClKNt't: TODAY. MKAAsT 1984 



How can one avoid cervical spondylitis’^ 
It's quite simple. You .only have to follow 
certain rule.s. 

Do regular neck and shouldei exercises, 
avoid reading or wilting for long hours or 
take breaks in between,avoid reading in bed 
«ind take normal care of health. 

Doctor, can you give some details about 
the neck’Shoulder exercises^ 

YeSp there are two sets of exercises wfiich 
can be done for strengthening the neck and 
shoulder muscles. For flexion and extension 
exercises, stand,at ease and look forward. 

^ Now try to touch your chin to chest and 


then bend your neck backwards, as far as 
possible If you get pain, stop and do not 
over exert. Do the movements till you just 
get the pain. Gradually you will improve on 
It. 

For the neck and .shoulder exercises, sit 
on a .stool and raise both shoulders upward 
and gradually lower them. Try to keep the 
neck straight during these movements. 
Once you have practi.sed these movements 
10 to 15 times and there is no pain ask 
someone to keep their palms on each 
shoulder and to put pressure on them. Then 
you do the same exercises against the 


pressure. Thus shoulder muscles will gra¬ 
dually improve in power. 

Both these exerci.ses you must do five 
times each, to start with, morning and 
evening. Gradually increase the movements 
to 10, 15. 20. 20 counts. You will have to 
do these exercises regularly and if you do 
not want to get a second attack of cervical 
spondylitis do them daily for life-timc. 

M. V. Kudtarkar 

Dr. Kudtarkar, ao oithopaedic Miraeon urn 
formerlv attached to the Cwd Hospital. Tharie^ 
Homhaa 
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The I its: reservation rigmarole 


A SINISTER document which 
threatens to undermine stan¬ 
dards of excellence of the IlTs is 
the recent report of the 17- 
member Parliamentary Committee on 
Scheduled castes and Scheduled tribes. 
It alleges that these depressed classes 
were deliberately denied entry into 
these “centres of excellence" by mak¬ 
ing the Joint Entrance Examination 
(JEE) so tough as to render it more a 
means of elimination than selection. 

As many as two-thirds of the 250 
odd-seats earmarked for SCs/STs re¬ 
main unfilled in the five IITs, at 
Bombay, Kharagpur, Delhi, Kanpur 
and Madras. Of the 250 or so seats 
reserved for them in 1981-82, only 55 
were filled. In 1982-83, 50 were filled, 
and in 1983-84, 135 candidates qual¬ 
ified for admission. 

The Committee has suggested a 
separate entrance examination for SC 
and ST students with papers set by 
people other than the IIT faculty. 
Indeed, on the Committee’s recom¬ 
mendations, the Education Ministry 
has directed all the IITs to conduct a 
separate entrance examination for 
those SC/ST candidates who couldn’t 
make it in the previous year in the JEE. 
The.se students, meanwhile, will be 
given a year’s special c caching for it 
There is talk, too, of the Central 
Government introducing re.servation 
for backward classes also in the IITs. 

The first to protest against this 
legislative “depression of standards” 
was Dr. P. V Indiresan, Director. ilT 
Madras. He said; “More than the attack 
on the IIT system, the manner in which 
it was done is a matter of concern. The 
diri'ctors of all the five lITs weie 
bullied, in.culted and abu.sed in un¬ 
printable language by some members 
of the Parliamentary Committee on 
Scheduled castes Even in the heyday of 
British, imperiali.sm. I doiiht whether 
such things ever happened The really 
worrj'itig part is that I have not been 
able to gel any intellectual or adminis¬ 
trator who IS willing to stand up and be 
counted on to sav that such things 
shouldn't happen. It is this total emas¬ 
culation of the intellectual and profe.s- 
Monal that is the real cau.se fur worry." 
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Raising a fundamental question, Dr. vetoed a suggestion to improve the 

Indiresan asked: “Whether just because standard of SC and ST students. And it 

a group of people cannot cope with a rejected a scheme of the Education 

certain level of education they should Ministry about to be implemented, 

have the veto power to deny such an under which SC and ST students at the 

education to the rest; whether social plus two stage were to be provided free 

justice should imply that there should residential coaching. The Parliamen- 

b« no institution at all in the country tary Committee felt “that the introduc- 

where merit shall be the criterion and tion of the residential free coachind 

also while the socially deprived should scheme will be time-consuming alKl 

have special privileges; that the may not improve the intake of SC and 

talented need have no rights of their ST students (in the IITs immediately), 

own." Predictably, the IIT Chief incur- As such, the committee recommends 

red the Government’s wrath for his that meritorious SC and ST students 

outspoken utterances. should be admitted in IITs and they 

In the matter of reservations for SC should be given special coaching”, 
and ST students in the IITs, a decision The suggestion that SC and ST 
was taken in June 1983, to dilute the students be selected and trained right 

norms for admission to such a level from the kindergarten level was also 

that the full quota of seats for SC and guillotined. IIT professors fear that 

ST candidates in the IITs can be filled, forced and contrived admission of 

This was done against all canons of academically poor SC/ST students will 

academic propriety. lead .to a backlash from the other 

The decision was taken by the Union communities. 


Despite reservation of seats that provides them entry 
into the IITs with relative ease, most SC/ST candidates 
are unable to cope with their studies. Some MPs have 
gone so far as to say that what we need is an “Indian 
standard’' and not an international standard of 
instruction for science and technology 


Education Minister who overruled all Says Prof. Indiresan: “It is quite 
objections of the council of the IITs. clear that the concession given by IITs 
Accordingly, SC and ST students with for the admission of SC/ST students is 
less than 40 per cent marks in their more than that given by the other 
school final examinations were admit- professional colleges in the States. In 
led to the IITs as late as in September, spite of this relaxed standard, sufficient 
although they would not normally have number of SC/ST students are not 
gained admission even to the BA. getting qualified. This might be due to 
course. Recommendation No. 3.29 of the feeling among these students that 
the Parliamentary Committee states the courses in IITs are quite rigorous 
that “the percentage of reserved seats compared to that in State Colleges, 
in the IITs which remained unfilled Moreover, most of the graduates get 
during 1980-81, 1981-82 and 1982-83 employment in Public Sector Under- 
were 39 per cent, 76 per cent and 80 takings against reserved quota without 
per cent for SC students and 75 per much competition So it does not 
cent, 96 per cent and 92 per cent matter from where they take their, 
respectively for ST". degrees. Hence these students prefer to 

The Parliamentary Committee pursue their studies in State Colleges.” 


It is not as if the IITs have taken no 
measures to improve the lot of the 
SCs/STs. Says Dr. Indiresan: “Not con¬ 
tent with what we have been doing for 
SC/ST students over the years, we have 
initiated a number of programmes for 
the last four years. In 1981, 1982 and 
198.3, about 150 students from the four 
Southern States were invited to an 
‘li/Abduction to IIT Programme', dur¬ 
ing which the students were taken 
round the various departments and 
they were told about the facilities given 
to them. In April 1982, these students 
were given a two weeks Personal 
Coaching Programme prior to JEE to 
equip them better for JEE. Still the 
results were not satisfactory. 

“So, we started a one year Corres- 
pondence-cum-Personal Coaching 
Programme. About 162 plus-two stu¬ 
dents from the four Southern States 
. were invited for the first Personal 
poaching in June 1983. Postal lessons 
in English, Mathematics, Physics and 
Chemistry were being sent now. Based 
on the lessons sent, there was a one 
week Personal Coaching m December 

1983. Further, lessons were sent 
between January 1984 to April 1984, 
followed by two weeks Personal 
Coaching Programme in April-May 

1984. In fact, these students will be 
writing the JEE 1984, staying in IIT 
Madras it.self. For the entire Program¬ 
me, to and lio tram, boarding and 
judging charges, course fees, etc, are 
fully met by IIT Madras. 

“Another parallel P^gramme was 
.started on 24 October. 1983 for candi¬ 
dates who failed the JEE in 1983. They 
were given one year training in English 
Mathematics. Physics and Chemistry 
covering the .syllabus of 11th and 12th 
•standard. Rased on their performance 
they would be admitted to the B.Tech 
Programme." 

Dr A. K. De, the Director ot IIT, 
Bombay, and Chairman, Atomic Ener¬ 
gy Regulatory Board, says: "As of now, 
22.5 per cent seats (15 per cent for SC 
and 7.5 per cent for ST) are reserved for 
admission to this historically suppres- 
^ Xl section of the Indian people. The 
reservation pressure came from the 
Centre in 1973, when all the SC/ST 


students seeking entry through the 
JEE were admitted, irrespective of their 
performance in the competitive entr¬ 
ance examination. This continued till 
1975. The result of this experiment was 
disastrous. Very few SC/ST students 
passed in spite of one extra year of 
preparatory course, extra coaching and 
other concessions and incentives. 
Since 1975, the mode of admission was 
changed to ensure that an arbitrary 
admission policy was not followed. The 
directors agreed to a relaxation, and it 
was decided that SC/ST students 
should be admitted up to two-thirds of 
the cut-off point, the percentage in the 
JE£ obtained by the lowest in the merit 
list.” 

Thus, if the last ranking candidate in 
the list of about 1,800 got 60 per cent 
of the total marks, the SC/ST student 
getting even 40 per cent would be 
eligible for admission. Moreover, since 
1982, a SC/ST candidate is no longer 
required to pass in individual subjects. 
However, a SC/ST student failing to 
secure even the specified qualifying 
aggregate in the JEE cannot be admit¬ 
ted. This procedure has been fairly 
successful. But, according to Dr. De, 
very few SC/ST candidates succeed just 
because the number of those taking 
JEE examination itself is much less. He 
insists that: “Equality is all right but 
quality is a must, not might. We 
shouldn’t mix up the two issues. The 
quest for excellence presupposes high 
standard of the JEE. The exam will 
have to be tough if we are to meet 
international standards of academic 
excellence. We do want SC/ST stu 
dents, too, to excel in competitive 
spirit. However, forcing the pace by 
taking pseudo-compa.ssionate attitude 
will prove counter-productive We 
must inculcate the competitive compe¬ 
tence and imparting the quality educa¬ 
tion from the beginning—at the school 
stage itself. 'Catch them young' should 
be our motto and credo if we sincerely 
have the welfare of this historically 
disadvantaged section of society at 
heart. Wider publicity of the JEE and 
early identification of talented and 
potentially motivated SC/ST students 
in schools for intensive coaching by the 


Government are imperative, nay, in¬ 
evitable.” 

Says Prof. Hiralal, a senior Professor 
of Chemistry, at IIT Bombay and an 
eminent academician, who was Chair¬ 
man, Admission Committee. JEE in 
1983: "Watering down the standards of 
admission for SC/ST students would be 
a positive disservice to them. As it is, 
the JEE exam has had a certain sanctity 
with no scope for escape. The answer- 
books of even SC/ST candidates are 
evaluated alongwith the rest and 
marked without the examiner knowing 
whether the candidate belonged to 
SC/ST or not. Even with relaxation 
(2/3rd cut-ofO the system has been 
working reasonably well and the stu¬ 
dents have been no source of intense 
agony or pain to us. The crux of the 
matter is that more applications must 
come to ensure more admissions. At 
present 2'/j per cent of those who apply 
have a chance to make it, be they from 
unreserved category or SC/ST. Ex¬ 
traneous considerations, how relevant 
or justified, have no place whatsoever. I 
have even grave doubts about the latest 
experiment m latitude and leniency— 
preparatory course for SC/ST candi¬ 
dates. The Commi.ssioner for SC/ST 
shouid see to it that special coaching is 
given to suitably identified brighter 
boys and girls in the .secondary schools 
for further training ” 

In the ultimate analysis, if enough 
SC and ST students are not available 
today to fill their quota of seals in the 
IITs, they can be produced a decade 
hence by imparting them .sound educa¬ 
tion right from school. One can't 
ameliorate the lot of the.se disadvan¬ 
taged sections by merely filling up the 
22.5 per cent quota of seats and de¬ 
valuing IIT education Has anyone 
heard of reservation in the crucial 
departments like Atomic Energy and 
Space as also in the Armed Forces? The 
heart of the problem is: how long will 
this policy of reservation and reverse 
discrimination continue to play havoc 
with standards^ 

O. K. Dixit 

Ml /)mt IS a mechamcal engmeer doing fits 
Ph /). at NT, Homhay, on deputation from 
Visiicsraraya Hegionai College of Engg., Nagpur, 
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OF NOSES 
AND 

NUCLEAR 

RESEARCH 


T Ht] human nuse has always exercised a 
j^reat fascinahon upon mankind Pascal 
it was. who put it epigramatically, “Ftad 
Cleopatra's nose been shorter, the whole 
face of the earth would have been different." 
No doubt, that face of tielen of Troy which 
“launched a thousand ships" had an attrac¬ 
tive nose adorning and enhancing her 
bewitching beauty 

The shape and the size of the nose make 
or mar a fact*. Persons with long and 
shapely noses are believed to be the 
pos.sessors of good inteiiect Indeed, Napo¬ 
leon. whenever he had srune ticklish prob¬ 
lem to be solved, was particular of entrust¬ 
ing this to hi.s officers with long nose 
William Hazlitt while admiring the socratic 
brow of his triend S T Coleridge remarked 
his nose “the index ot the will was small, 
feeble, nothing" Anolhei famous fiierid of 
his. Thomas Carivie wrote to hi.v brother in 
1824, "1 have seen manv curiosities not the 
Iea.st of them 1 rei kon Coleridge Kigure a 
tat. flabbv peisunagc, oiilc short, lotund 
and iclaxed. with watery mouth, a snutty 
nose, a pair ot stiunge blown timid yet 
earnest looking eves He i-i a kind soul, full 
of religion, atlection and poetry and animal 
magnetism Him ardinal sin is he lacks will 
He has no resolution ' No man of letters in 
Ciigland planned so mueh and adiieved so 
Irlllc Colendge In contrast to Coleridge. 
Loid Hyron possessed an excellently siiapeil 
nose enhancing his romantic appearance 
considerably 11 is not surprising, theretore.^ 
that Ihe voiifhml lady Caroline Lamb, wife 
ot Lord Melhi»urne. the lutiire Prime Minis¬ 
ter of Lngluiid lost In I balance and ludge- 
ment and i [ia.>ed Pvron in a boy s apparel 
Anoltier fjmi'us Lnglisli man ol letters W 
M. Thaikerav. while at Schi»ol at Charter 
House had pugilistic propensities like 
young Walter Svott and Bvron. and as a 
result got a broken nose whkh could not be 
repaired. So tk suffered considerable dis 
comfiture tliiuughout his life while moving 
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in social circles Nose has always attracted 
the attention of poets. Tennyson admired a 
“slender nose tip tilted like a petal of a 
flower". The classical nose ol Falstaff be¬ 
came sharp as a pen at his death. The 
boozer’s red nose has been commemorated 
by the following lines* 

Nuse, nose, jolltf red nose. 

And who gave thee this lolly red nose. 
Nutmegs and ginger, cinnamon and 
cloves. 

And they gave me this jolly red nose 


KapUxa at the Nobel awards ceremony 



During the second and third decades of 
this century a galaxy of scientists—James 
Chadwick, P. M. S. Blackett, F. W. Aston. 
C. T. R. Wilson, E T. S. Walton, Arthur 
Eddington, John Cockcroft, Mark Oliphant, 
Pyotr Kapitza, to name a prominent few— 
were working under Professor Rutherford 
in the world famous Cavendish laboratory 
in Cambridge University. Like Dr. Juhn^in 
of literary world, Lord Rutherford donfljj^ 
ated the scientific world of his time. In the 
midst of serious nuclear re.search activities 
m Cavendish laboratory, a raging con¬ 
troversy arose in 1933 on the shape of the 
nose of a profile of Lord Rutherford. It was 
not a light-hearted banter to give relief to 
them from the serious nuclear fi.ssion 
studies they were engaged in To them this 
matter of the no.se was as serious as their 
experiments in atomic re.search. Pyotr 
Kapitza, a young Russian Engineer, who 
had suffered a lot in the Ku.ssian Revolution 
and hiid lust his first wife had lomed the 
Cavendish Group of Scienti.sl.s early in 1922 
was the storm centre of the controversy 
This eminent engineer who had been d(»ing 
experimental work of great importance on 
strong magnetic fields since 1922. hecame 
the Royal Society Professor in 1932 The 
Royal Society gave a grant foi building and 
equipping a suitable Laboratory for Magne¬ 
tic Research out of the bequest of £50,000 
to the Society by the great Indusirial 
Chemist, Dr. Ludwig Mond. The I-ahora(or\' 
was designed by Pyotr Kapitza with the able 
assistance of John Cockroft and the emi¬ 
nent Architect II. G. Hughes Named Royal 
Society Mond Laboiatory, it was opened in 
February 19.L3 To honour Ins professor 
who wa.s a great inspirei of lescarch activitv 
and whom each and everyone in the Caven¬ 
dish laboratory held in great reverential 
icspect. Pyotr Kapitza decided to have a 
plaque of Rutherford profile curved (or 
adorning the entrance hall of the Labora¬ 
tory Eric Gill, the renowned sculptor of the 
School of Modern Art next only to Ep'.tciii 
in name and standing in the prole.s.sion. wa.s 
entrusted with the work. The loh w.'i> 
executed in great secrecy behind laipaulin 
cover by the sculptor But when it was 
exposed to the public with the inauguration 
of the Laboratorv, entire Cavendish Labora 
tory was rocked hv a storm ol senou.s 
controversy over the shape of the nose in 
the sculpture. The nose in the profile had a 
prominent bridge and to some it looked like 
a Jewish nose. But the sculptor differed and 
was of the opinion that the striking featiuv 
of the Jewish nose was not its bridge hut its 
beak. His firm view was that the profile nose 





Rutherford,whose nose sterted it ell! 


was Roman in appearance but not definitely 
Jewish. The sculptor recalled the complaint 
\ of Lorenzo de Medici over Michaelangelo’s 
portrait of him, $ayin({ that it was not his 
likeness, which brouf^M forth the famous 
reply of Michaelangelo sayinj; "it will be like 
you, in a hundred years time". 

Pyotr Kapitza ){reatly upset by the lack of 
appreciation tried his level best to a.s.suage 
the feelings of his colleagues. He gave 
lectures on Modern Art. Hut all to no 
account. Senior scientists led by the conser¬ 
vative Aston took objection to the shape of 
the nose and wanted it to be modified or the 
sculpture removed The youngsters were in 
a more rebellious mood They vowed to 
smash the piofile to pieces during the 
night. The B.B.C. too did not mi'is this 
opportunity in its broadcasts and gave 
widespread publicity to the controver.sy. 

Lord Rutherford was considerably cmbiir- 
rassed. He could not support either side. He 
would not Sit in judgement. He confessed 
that he was no judge of fine arts While l^dy 


Rutherford was a fine performer on piano 
and was an ardent lover of classical music, 
he had no ear for the music either He wa.s 
no doubt a voracious reader of novels, 
biographies and history. He was too much 
obsessed by his physical experiments in 
nuclear fission and had piactically no other 
absorbing interest in life In this, he was 
like a man possessed But he knew that the 
famous theoretical physici.st and the head of 
the University Institute of Theoretical Phy¬ 
sics in Copenhagen, Niels Bohr who had 
worked with him during his Manchester 
days and who was a frequent visitor trom 
Denmark to Cavendish Ixiboratory..was a 
good judge of modern art And Niels Bohr 
had the advantage ol being away from the 
scene of this unseemly'-eontravi^rsy Could 
Kapitza write to him and get his (fusion on 
the matter’ Thi.s was Lord Rutherford’s 
suggestion. 

Pyotr Kapitza wrote to Professor Niels > 
Rohr early in March 1933 giving a complete 
picture of the controversy and .seeking Ins 


decision in the matter. He had enclosed a 
good photograph of the carved profile and 
had specifically mentioned that he was 
writing to him on Rutherford’s instruc¬ 
tions. Niels Bohr promptly wrote back that 
despite the difficulty in judging a piece of 
sculpture from a photograph, the carving 
looked to him "most excellent being at the 
same time thoughtful and powerfur and 
that therefore he “could not in any way 
support the critics of the carving". So this 
judgement coming as it did from so emi¬ 
nent and impartial a person as Niels Bohr 
who held Lord Rutherford in great love and 
reverence had a sobering effect on the 
Cavendish critics. And within a year the 
controversy gradually died down with no 
damage done to carving or its disputed . 
nose. A thankful Pyotr Kapitza who had an 
agonising time from the date of inaugura¬ 
tion of the Royal Society Mond Laboratory, 
got an exact replica of the profile made by 
the same sculptor and presented it to Niels 
Bohr who very warmly accepted and proud¬ 
ly displayed it in Copenhagen Institute. 

Poor f^otr Kapitza! His troubles were not 
over yet. Since 1926 he had been visiting 
Soviet Russia. In 1934, he again went there 
to attend the Conference held in honour of 
the great Russian chemist Mendeleeff. A 
shock wa$ m store for him this time. As he 
was preparing to leave for Cambridge, the 
Russian authorities told him that his pre¬ 
sence was needed for the advancement of 
Science in Russia and that he should, 
therefore, work there. He was greatly dis¬ 
tressed by this unexpected development so 
soon after he had taken so much trouble to 
bring Mond Laboratory into existence. So 
al.so were his distinguished colleagues in 
Cavendish Uhoratory Lord Rutherford 
wrote to Prime Minister Stanley Baldwin to 
intercede in the matter. He himself wrote to 
the authorities in Moscow Pat came the 
reply "If Kapitza was required for England. 
Lord Rutherford was required fur Russia. 
Could this be arranged’" Initially Academi¬ 
cs Kapitza wa.s seriousiv handicapped in 
his work in Russia since all the equipment 
he had so carefiillv assembled was in 
England Eventuallv when Russian Govern¬ 
ment bought the apparatus from U.K for 
£30,000. these were transferred to the 
Institute of PlivMcal Problems in Moscow 
which Kapitza was ably directing since its 
inception 

S. R. Balasubramanian 

Mr Halasubramaman is a free-lance science 
wafer from l*une 
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A FROSTY RECEPTION TO A SPORTY BUG 


* A COUPLE of inches of dead bacteria and 
/iMiater can make a skier’s day". This 
idea may not be far-fetched if the highly 
contrcA^ersial and publicised "frost bug" is 
soon commercially exploited 

Frost injury is a major agricultural 
problem affecting various important crops 
like maize, apple, tomato and citrus. Frost 
damage is brought about by formation of 
ice in the various parts of a plant and is 
initiated by "ice nucleation" (Ice nuclei are 
particles that initiate the freezing of water). 
Earlier it had been demonstrated that 
various inorganic minerals and types of 
soils like clay, and organic matter like 
decaying leaves, could serve as a source of 
the ice nuclei. Recent findings reveal that 
certain bacteria of Pseudomonas and Erwi- 
nia species can also act as sources of 
biogenic ice nuclei. These bacteria have 
come to be popularly known as "frost 
bugs". 

The above mentioned two species are 
epiphytes distributed widely. They limit the 
supercooling of water in the plant by 
initiating the formation of ice at tempera¬ 
tures between '-2”C and 4”C. Experiments 
have shown that ice does not form on plants 
free from the ice-nucleation bacteria, even 
at temperatures below -10®C Follow 
ing the damage of plant tissue by freezing 
and thawing, bacterial entry through the 
tissue destroys the plant or tissue The 
cause of ice nucleation by these bacteria has 
been found to be due to a protein. The 
genes that code for this protein (termed m 
gene) in these two frost bugs have been 
isolated, cloned and expressed in E. call. 

Two strategies have been proposed re¬ 
cently for the biological control of these 
bacteria: Use of predator - bacteriophages 
and use of competitor -ina .strains. The 
former strategy has the dhsadvantage that it 
could lead to the .selection of "phage- 
resistant mutants" of the bug, which could 
affect Its future control. The latter strategy 
involves the use of ina-(icc minus) strains 
where the ice-nucleation gene has been 
deleted. The.se act as antagonistic bacteria 
which compete with their-wild-type coun¬ 
terparts and, eventually, displace them by 
occupying the same physical space and 
utili.sing the same nutrients 

A controversy started when the Recom¬ 
binant UNA Advisory Committee of the 
Natiopil Institutes of Health. USA, granted 
permission to fJis. Nikolas Panopoulo.s and 
Steven Lindow of the University of Califor¬ 
nia, Berkeley, to field-test the "ice minus"’ 
frost bugs The ca.se catapulted to fame, as 


the experiment would have been the first 
deliberate release of a genetically en¬ 
gineered microbe into the environment. 
This was almost immediately followed by an 
uproar and a string of law suits by powerful 
lobbies of environmental groups. The latter 
claimed that the releasing of recombinant 
DMA mutants could have severely damaging 
consequences for the environment. Apart 
from the unpredictability of the pathogenic¬ 
ity, host-range, virulence and survivability 
of the strains, a major concern was express¬ 
ed that the frost-resistant bacteria might 
enter the atmosphere inhibiting natural 
formation of ice and the precipitation 
processes. This would affect global rainfall 
patterns and climatic conditions. 

The counter arguments by the Berkeley 
group were that these fears were unfound¬ 
ed. The chemically mutated iNA-strains had 
already been field-tested. The genetically 
engineered organisms were considered saf¬ 
er and ihore advantageous than the chemic¬ 
ally mutated ones as in the former specific 
deletions not altering neighbouring genes 
could be expressed, unlike in the latter The 
microbes u.sed they argued, Avere not 
pathogenic to humans and were almost 
ubiquitous and omnipresent plant 
epiphytes. The impact nn the rainfall pat¬ 
terns was thought to be extremely small or 
non-existent, as the potential reduction of 
atmospheric ice nuclei would be negligible; 

New artificial sweetener 

A SWEETENER may be defined as an 
AH-B system made up of a proton 
donor and a proton acceptor in which both 
groups are roughly 3x10'* cm (3A) apart 
with a lipophilic binding site. This system is 
supposed to interact with the membrane 
sweet taste receptor cells which are consi¬ 
dered lipophilic. 

The most commonly used artificial 
sweetener. Saccharin, is about 550 times 
sweeter than sucrose, but it has the un¬ 
pleasant after-taste Cyclamates were also 
used as sweeteners. But the belief that an 
association between cyclamates and bladder 
cancel led to a ban on Ihe use of cyclamates 
as a sweetener in the USA and other 
cuuntiics. This .situation led to a race to 
produce new varieties of sweeteners which 
were non-fattening, would not cause tooth 
decay and could be u.sed safely by diabe¬ 
tics— in an attempt to replace sucrose. 

The Food Additives and Contaminants 
Committee of Britain permitted in 1982 the 
use of the artificial sweetener Acesulfame K, 


this is borne out by the absence of such 
effects following the use of agro¬ 
bactericides during the last four decades. 

The novelty in the idea, apart from) the 
media publicity and the raging legal battle, 
is that the frost bugs may^ave a consider¬ 
able biotechnological potential. The chief 
utility would be in protecting tender seedl¬ 
ings from spring frosts that cause m 
average annual loss in the US alone of om 
to three billion dollars or more. Another 
attractive potential would be the use of 
wild-type P. syringae as ice nucieators for 
snow-making. The snow produced by the 
freeze-dried bacteria in a mechanical sys¬ 
tem could find use in air-conditioning and 
in winter sports like skiing. The ice- 
nucleation protein could be used for seed¬ 
ing clouds, thus alleviating the effects of 
severe weather conditions and increasing 
precipitation in and regions. 

While the debate continues, it is to be 
seen when the legal and regulatory hurdles 
would be overcome. The day may not then 
be too far when a biotech firm comes out 
with a formula for an "instant ice cream"! 

R. Guninian 
D. N. Patil 

Dr. Cururajan is a scientist at the Centre for 
Cellular and Molecular Biology, Hyderabad, Dr 
Patil is a Research Fellow at the same Institute 


a product introduced by Hoechst after 20 
years of research, in food and drink. Acesul¬ 
fame was an accidental discovery, as were, 
indeed, all the other sweeteners. A sweet 
taste was noticed while investigating com¬ 
pounds made by reacting butyne with 
fluorosulphonyl isocyanate—the sweet 

taste was attributed to the formation of 
5,6-dimethyldihydrooxathiazinone-dioxide 
with a hitherto unknown ring system, a 
six-member heterocyclic in which the ox¬ 
ygen, sulphur and nitrogen atoms are 
adjacent to one another. By carrying out 
intensive investigations, it has been con¬ 
cluded that 6-methyl-l,2,3-oxathiazin 4 
(3H)'One-2.2-dioxide, Acesulfame K, was 
judged to be the best sweetener (Chemistry 
and Industry 427, 1983). 

This new sweetener is synthesised from 
acetuacetic acid tert-butyl ester and fluoro¬ 
sulphonyl isocyanate. The two compounds 
readily react to form an addition compound 
which decomposes on heating to give an 
arnide. This amide in the presence tS 
potassium hydroxide yields Acesulfame K. 
Metabolic studies with several animal spe- 
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cies and human volunteers demonstrated 
that the kinetic properties of the new 
sweetener are similar in animals and hu- 
maas. No accumulation of this sweetener is 
possible as it is absorbed quickly from the > 
intestine (detectable levels in bIbod and | 
serum rise quickly) with a fast excretion. Its | 
stability and inertness may not pose a | 
problem to the environment on its disposal, ^ 
/ fe investigations with several species of fish ^ 
revealed the fish-toxicity of Acesulfame K to |S! 
be low. Oral toxicity studies indicate it to be p 
virtually non-toxic. Long-term feeding stu- § 
dies for detecting potential carcinogenic ^ 
effects reveal that it is not likely to be 
associated with cancer. 

Acesulfame K is a white crystalline solid 
which is only 200 times as sweet as sucrose. 
Because of the aforesaid advantages, it can 
be used in a variety of foods, and hot and 
cold drinks and may be combined with 
natural bulk sweetening agents, such as 
sorbitol, to give a flavour distinguishable 
from sucrose. 


C. Srinivasan 


Dr, SrmwQStm ts Reader in Chemistry, Madurai 
Kamand University, Madurai 


A close watch on Earth 

P LANET Earth, a distinguished member 
of the solar family, came under close 
scrutiny during 1980 to 1983, when its 
rotation was carefully monitored in three 
fundamentally different ways by sophisti¬ 
cated space-age instruments. As we are well 
aware, the Earth’s rotation around its own 
axis gives rise to days and nights. A tilt in 
the axis causes different seasons. 

For centuries, the rotation of the Earth 
has been monitored for measuring time. 
The total time of a day plus night is more or 
less a constant (leng^ of day) and this 
period of 24 hours is devided into minutes 
and seconds. As clocks became more and 
more accurate, it became c’ear that the 
length of day is not a constant. Even the 
early pendulum clocks had hinted at it but 
clocks stabilised with quartz crystals con¬ 
firmed it. Time-keeping, today, is relegated 
to atomic clocks which are so precise that 
they run for thousands of years without 
losing or gaining a single second. 
Though the Earth’s rotation has ceased 
I to be a unit of time, its variations, however, 
are studied as they have applications in 
geodetic surveying, navi^tion and 
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astrometry. It also aids basic research in the 
dynamics of the Earth. With this in view, a 
study was undertaken by a team of scien¬ 
tists in USA to monitor Earth’s rotation 
accurately over a period of three years— 
from Oct^r 1980 to September 1983. The 
three sets of sophisticated experiments 
carried out were essentially dissimilar, 
based on totally different concepts. 

One set of experiments was based on 
satellite laser ranging (SLR). An artificial 
satellite whose orbit is precisely known, is 
used to reflect a beam of light sent by a laser 
on Earth. The time taken for the beam to 
make a return trip is used for ranging the 
satellite precisely. The Laser Geodynamic 
Satellite (LAGEOS) was launched in 1976 to 
enable such studies requiring high orbital 
stability. It is a solid sphere 60 cm in 
diameter, its surface covered with 426 
retroreflectors. It is interesting to recall 
that the same satellite revealed earlier that 
the Earth is -pear-shaped. By tracking 
LAGEOS with short laser pulses emitted in 
quick succession, variations in Earth’s rota¬ 
tion were measured. 

The second technique used was very large 
base-lined interferometry (vlbi). using in¬ 
strumentation and software specially de¬ 
signed for space applications. An array of 
radio telescopes is used to collect faint radio 
signals from sources such as quasars. The 
signals are simultaneously recorded on 
magnetic tapes and the tapes are trans¬ 
ported to a central facility to cross-correlate 
.the data. Two types of information are 
extracted from this: the celestial coordin¬ 
ates of the sources and the relative dis¬ 
tances between the sources (vector base¬ 
lines). Variations in the length of day can be 
deduced from this. 

TTie third technique measured the 
Earth's rotation from the observed changes 
in the angular momentum of the atmos¬ 


phere (AMA) Global summaries of the state 
of the atmosphere are issued routinely b)^ 
.The National Meteriological Center of USA. 
Atmospheric angular momentum can be 
computed based on zonal wind data. 
Assuming the total angular momentum of 
the mantle—atmosphere system to be con¬ 
stant, variations in the rotation of the Earth 
are deduced. 

The outcome of these experiments has 
been published recently (Science 224 957). 
It is indeed remarkable that ail three 
results are in good agreement, qualitatively 
and to a lesser extent quantitatively. This is 
grati^^ing if we keep in mind the minute 
changes the experiments were meant to 
detect. Even the maximum change 
observed in the length of day is a mere 3.1 
milliseconds (the excess length over 24 
hours). However, the dominant cause of 
changes in the Earth’s spin rate seems to be 
an exchange of angular momentum be¬ 
tween the mantle and the atmosphere. The 
authors also point out that the period 
during which there was maximum change 
in the length of day (corresponding to rapid 
changes in Earth’s rotation) coincides with 
the strongest episode of El Nino recorded in 
the past few decades (El Nino is the 
appearance of anomalously warm sea sur¬ 
face temperatures along the coast of Peru). 

What other information can be gleaned 
from these vlbi and slk results which are 
influenced 1:^^ the interactions of the mantle 
with the atmosphere and oceans is yet to be 
seen. Right now it appears that the ex¬ 
perimental techniques have taken us far 
beyond the shores of oiir theoretical under¬ 
standing of the dynamics of the Earth. 

Indira MurtiQr 

Dr. (Mrs.) Murthy is on the editorial staff of 
SaENCE Today 
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T he remarkable improvements in 
the standards of athletic perform¬ 
ances during the past few decades 
represent a unique biologicai phe¬ 
nomenon. It was inconceivable even a 
decade ago, that some of the earlier 
established athletic records could be 
improved upon within such a short 
span. Apart from the phenomenal prog¬ 
ress in training methods, techniques 
and improvements in tools, equipment, 
tracks, and various other associated 
factors which contribute in shaping a 
world class athlete, genetically en¬ 
dowed human potential seems to play a Biopsy technique with Bergstrom weigh the sample, but for all other 

great role in the final outcome, every- needle analyses accurate weighing is essential, 

thing else being equal. However,the Two to four ml of one per cent Weighing is done in an electrobalance 

nature of the contributory role of the lignocaine is infiltrated into the skin for enzymatic and other micro estima- 

genetic factor in sports events is still a and sub-cutaneous tissues down to the tions. Weight is plotted against time for 

mystery. Perhaps in a few years with the deep fascia, after shaving and disinfect- a short time to allow for the effect of 

rapid advances in the field of genetics, a ing the skin over the muscle to be water evaporation by extrapolation to 
clearer picture will soon emerge, biopsied. The biopsy needle is intro- the zero time. For estimation of meta- 

Search and selection of potential duced through a four mm incision in bolites, it is essential to arrest the 

athletes in specific fields based on the skin and subcutaneous tissue made metabolism as quickly as possible. This 

scientific knowledge, is a matter of with a surgical blade. The needle is is done by freezing the sample in liquid 

routine in many developed countries, advanced till the tip is about three to freon or nitrogen at-i50''C. Connec- 

Unfortunately in India, this aspect has five cm below the skin surface and a live tissue and blood are removed 

not been given serious consideration, sample of tissue is guillotined with the before preparing the histological sec- 

As a result, athletes are selected from hollow cylinder and secured within the tions in a cryostat, which provides a 

the ‘available pool' mainly on the basis barrel of the needle, which is then low temperature and controlled en- 

of their performance records in various rapidly withdrawn from the muscle, vironment. Samples for electron mic- 

sports meets. It is often forgotten that Several biopsy specimens can be col- roscopy are fixed immediately in three 

such ‘talents' have already reached lected over a span of time for histolo- per cent gluteraldehyde and subse- 

their maximum peak with little scope gical, histochemical and metabolic stu- quently treated by conventional techni- 

for further spectacular improvement in dies- ques. 

spite of intense grooming schedules. The edges of the skin incisions are 

Hierefore. a fresh look needs to be later oppo.sed with a sterile adhesive Classification of skeletal muscle flbeis 
taken to improve upon the methods of material. The incision heals within in man 

selection of Indian athletes. They need three to four davs. Hence, this techni- The smallest unit in a muscle which 

to be identified at a very young age. que can be used in a laboratory, ward can be activated lor contraction is the 

During the last decade, in many or clinic without the need for surgical muscle fiber unit. The muscle fioers in 

advanced countries the muscle biopsy expertise and operation theatre facili- a unit, have identical characteristics, 

technique, whereby samples from ties. It is remarkably non-traumatic. The classical terminology of red and 

skeletal muscles of healthy people arc The residual sensation is one of modcr- white muscle fibers was based on the 

obtained.has been widely applied ‘to ate muscle stiffness, such as would colour of the fibers which in turn was 

catch them young'. Recently, histolo- follow unaccustomed strenuous exer- related to the muscle myoglobin con- 

gical and histochemical techniques cise. This clears in a lew days. Muscle tent. The activities of the miiochond- 

have also been applied to identify function is hardly impaired by this nal enzymes are, in turn, related to 

different fibci types in the skeletal procedure, since the subjects continue myoglobin content, while the content 

muscle of man This is then used to to lumpete in strenuous cross<ountry of sarcopiasmatic glycolytic enzymes 

correlate the contractile characteristics races after several biiipsies. are inversely related to the oxidative 

to their function and metabolic poten- The biopsy technique yields a sample enzymes and myoglobin content, 

tialities in various athletic events by which generally has a wet weight of 20 Stains for glycolytic or oxidative en- 

(fetermining different enzyme activi- to 25 mg. For morphological or his- zymesaswell as for myoglobin give rise 

tics. tochemical studies, there is no need to to a variety of staining intensities. A 
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Muscle biopsy technique, routinely carried out in the West, 
offers a new approach forjudging athletic potentiality 



division of fibers into two different 
types, slow twitch (type 1) and fast 
twitch (type II) can, therefore, be made 
based on these properties. 

In 1962, Engel suggested the use of a 
stain for myofibrillar ATPase (a mus¬ 
cle enzyme) after alkaline preincuba- 
tion. This method separates muscle 
fibers into two well-defined groups. He 
proposed the names type I and II fibers 
for thosb fibers staining light and dark 
respectively. The type I fibers are to 
have slow and the type II fibers to have 
fast contraction times. By adding a 
stain for a mitochondrial enzyme, a 
suh-division of the type II 
fibers is possible, one type with a high 
and another with a low oxidative poten¬ 
tial. 

These are named as type Ila and Ilb 
respectively. Thus, depending on con- 
' tracile, metabolic and functional prop¬ 
erties, muscle fibers in skeletal muscle 
of man can be divided into three 
distinct types. 

Contractile characteristics of the fl- 
bers along with quantitative data of the 
metabolic profile suggest that a cou¬ 
pling between the characteristics of a 
fiber and its function exists in man. 
Hence, we have two mam types, slow 
twitch (ST) and fast twitch (FT) hbers, 
with the latter having FTa and FTb 
subgroups. 


and women indicated a mean value of 
52 per cent for the ST Bber (out of total 
fibers) for both sexes. Within the group 
of FT libers, the FTa fibers were approxi¬ 
mately twice the FTb fibers, the mean 
values being 33 and 14 per cent respec¬ 
tively. Ample evidences are now avail¬ 
able suggesting that no difference ex* 
ists between males and females in this 
respect. However, in both the sexes, a 
wide variation in fiber composition 
between individuals exists, which is 
more pronounced in the males. 

Regarding the size of the fibers in 
general, cross sectional areas of the 
fibers are larger in male than in female 
muscle. In man, the mean cross sec¬ 
tional area of the FT fibers of the thigh 
is larger than the mean area of ST fiber. 
In sedentary women the ST fiber is 
larger than the FTa; in both the sexes 
FTb fiber being the smaller. All fiber 
types can respond to increased activity 
with some enlargement of the size of 
the fiber. 

What about the fiber composition in 
different muscles of the same subject? 
The available data demonstrate that 
there are rather close similarities be¬ 
tween some muscles, whereas other 
muscles have a more pronounced pre¬ 
dominance of one fiber type. The vastus 
lateralis, rectus femoris and gastrocne¬ 
mius muscles of the legs and the 
deltoid and biceps muscles of the arms 


appear to contain about 50 per cent ST 
and 50 per cent FT fibers. On the other 
hand, the soleus muscles have 25 to 40 
per cent more ST fibers than the other 
leg muscles and the triceps muscle 10 
to 30 per cent more FT fibers than the 
other arm muscles. Most of the skeletal 
muscles of man are so homogenously 
mixed that although they may have 
special functions demanding a special 
fiber type, all muscles are also involved 
in other activities where the character¬ 
istics of different fiber types are needed. 

Muscle fiber composltioii of athletes 

During the last decade, it has be¬ 
come popular to determine muscle 
fiber composition of athletes involved 
in different types of events. Regarding 
the relative distribution of ST and FT 
fibers, the most interesting findings are 
that sprinters have a nurked predomi¬ 
nance of FT fibers in their leg muscles. 
The opposite u true for long distance 
runners. Throwers, weight lifters and 
high jumpers generally have an even 
distribution of fiber types in their leg 
and arm muscles. BoA sexes are simi¬ 
lar in this respect (Table 1). 

The findings on distance runners 
and sprinters fit with what is known 
about the special characteristics of 
different types of fibers. It may be 
explained that in sprinting there is a 
greater demand on FT fibers as they 
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Muscle fiber composition in skeletal 
muscles 

The most commonly studied muscle 
’ /h man is the lateral portion of the 
thigh (vastus lateralis). The fiber com¬ 
position of large number of young men 
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Table V—Fiber distribution m different classes of athletes 


fatigue quickly. The possibility also 
exists that in athletic performances 
where a single contraction of one or 
two groups of muscles is of importance 
for success, a high degree of synchro¬ 
nous activation of fibers is required. 
Endurance trained subjects have a high 
occurrence of FTa fibers and few or no 
FTb fibers in the muscles involved in 
training. Muscle groups partially or not 
at all engaged in exercises have some or 
a normal content of FTb fibers. It can, 
therefore, be suggested that the lack of 
FTb fibers is part of an adaptive re¬ 
sponse to the endurance training. 
Based on these observations, the ideal 
distribution of fibers in different classes 
of runners can be established (Table 2). 


capacities of the enzyme systems in¬ 
volved in oxidative energy release. 
Therefore, muscles with a higher popu¬ 
lation of slow twitch fibers are better 
able to sustain long lasting aerobic 
activity. If the aerobic mechanisms of 
the individual cells have been enhanced 
by appropriate conditioning techni¬ 
ques, the muscles will have even grea¬ 
ter capacities for such exercises. 
Appropriate increase in capillarisation 
accompany increases in slow twitch 
fibers. 

The energy release of a single max¬ 
imal effort, as in a strength movement, 
depends on energy obtained from the 
splitting of the high energy phospate 
compounds, ATP and creatine phos¬ 


phate. No molecular oxygen is involved 
in these metabolic processes; they are 
anaerobic. However, the term anaero¬ 
bic power in sports performance is 
more often used to describe hi|gi inten¬ 
sity activity that lasts approximately 
five seconib to one minute. This is the 
range in which the capacity of the hi^.^ ,. 
energy phosphate compounds domin¬ 
ates. 

Anaerobic glycolysis (lactate forma¬ 
tion) becomes more important as work 
intensity decreases and performatKe 
time increases.. Fast twitch muscle 
fibers have a greater capacity for gly¬ 
colysis than slow twitch fibers. Thus, 
the percentage of fast twitch fibers is 
important for anaerobic performance. 
Also, the glycolytic capacities of the 
individual fiist twitch fibers are very 
responsive to conditioning. 

Metabdlc profile of skeletal muscles of 
athletes 

Results from several longitudinal 
studies indicate that human muscles 
are adaptable to oxidative capacity. 
Succinate dehydrogenase (sdh) activity 
of quadriceps muscle increased by 30 
per cent. This was paralleled ^ a 
similar increase in the protein content 
of mitochondrial fraction. Elite dis¬ 
tance runners and swinuners have 


Aerobic—anaerobic capacity of 
voluntary muscles 

Carbohydrates and fais are the main 
sources of energy for muscular con¬ 
traction. Special chemical compounds 
act a.s carriers of energy within the cell, 
from the energy depots to the point 
where biologically meaningful reac¬ 
tions take place. 

The ability of an athlete to sustain 
activity by means of the oxidative 
release of energy is dependent on 
oxygen utilisation and oxygen delivery. 
Just as fast-tM'itch muscle fibers are 
important to anaerobic activity, slow- 
twitch fibers are essential to aerobic 
activity. Slow twitch fibers are char¬ 
acterised by a higher content of myog¬ 
lobin (a compound similar to hemoglo¬ 
bin, the oxygen carrying compound of 
the red blood ceils) and by greater 
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Oxidative en^^mes' potential in mnade fibers' 


O XIDATIVE potential of voluntary 
muscles vaiy greatly depending on 
the training status of an individual, as well 
as the type of event trained for. Based on 
observations from various studies, it iray 
be appropriate to consider Succinic De¬ 
hydrogenase (SDH) (an oxidative enqnne) 
activity in the vastus lateralis muscle of 
appraxiinately 7 mM/kg X min as a 
normal value for sedentary subjects; while 
elite distance runners liave sdh activities 
of 20 to 25 mM/kg x min. Physical 
inactivity results in a pronounced de¬ 
crease in the SDH activity (approximately 3 
to 4 mM/kg X min). 

Both the mafor fiber types of hurrun 
skeletal muscles are adaptable to oxhtative 
potential. An interesting obaervMlon is 
that in skeletal muscles of highly trained 
cross-country rurmen who contain very 


lew prb fibers, ttie SDH activity In n fibers 
has been fiNnid to be as Mgh as bi the sr 
fibers. This would suggest that the ntai^ 
bnal 1^ of MidalivB polsnifai Bud can 
be idbuned with intense endinanoe tnta- 
big, is thesamefor arandyrtlbara. On 
the other hand, findtaigs such as the Mgh 
percentage of ST fibers-hi shdotal nus^ 
of suoeesslul hang distance nmnets and 
the reported fclalbm betwosn the lanUng 
order of top Icvel cnduiasioa athletes asM 
the percetrtaga of sr .flbeis in their fog 
mus^ suggest that tousefo fiber typa 
distributim msv sat an upper Oaait for 
ds0aa of osddatiw angynM adapiilHoU 

thal cMi oceiir bn dLAaaA In 

rasponae to tiainfojg. 

. . ' . J' ■ r , 






demonstrated three to four times high¬ 
er SDH activity than the untrained. A 
high oxidative capacity may enable the 
muscle to extract more oxygen from 
the blood during maximal exercise thus 
increasing the maximum oxygen supp¬ 
ly capacity. 

It has also been suggested that 
higher oxidative capacity of muscles in 
endurance athletes may be responsible 
for lower lactate levels, slower rates of 
glycogen depletion and lower rq during 
)inaximal efforts. In the muscles of 
endurance athletes the glycolytic en¬ 
zymes appear to have the same or a 
slightly reduced activity as compared 

Table 3:—Ideal diatrlbutlon of fibera 


with untrained subjects. The activitib 
of lactic dehydrogenases and hexoki- 
nases follow the profile of oxidative 
enzymes. Glycogen content is usually 
somewhat higher in trained than un¬ 
trained muscles. It is not yet known 
definitely whether triglyceride storage 
in skeletal muscles increases with en¬ 
durance training or not. 

A question may now be posed, 
whether muscle fiber ratio is changed 
or not due to athletic training. In reply, 
it has been convincingly shown in 
several studies that the percentage 
distribution of fiber types in man does 
not change following endurance, sprint 


or weight resistance training. Recent 
evidences on monozygous (identical) 
and dizygous (fraternal) twins have 
strongly indicated that fiber type distri¬ 
bution in man is solely determined by 
heredity. In addition, other neuromus¬ 
cular factors like reflex time, reaction 
time, and muscular power are also 
genetically controlled. Hence speed 
and agility factors in an athlete are 
highly genetic. Thus, the old saying 
“sprinters are bom and not made” may 
have some truth in it. 

Endurance athletes on the other 
hand are bom predominantly with ST 
fibers, with metabolic potentials re¬ 
sponsive to intensive training. It can 
therefore, be concluded that endurance 
athletes are born and then made. It, 
therefore, goes without saying that if 
these genetical endowments, coupled 
with proper physique, are identified at 
an early age and proper training is 
imparted to these potential athletes, 
there is a chance that they will succeed 
in Olympic arena, or in any world 
competitions. □ 

Dr, Sen Gupta IS the Deputy Director 
(PhysiologyJ and Capt. Sinha is the Director at 
tl» Detmre Institute ofPhysiology and Allied 
Sciences, Delhi Cantt-llOOlO 
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PHYSICAL RESEARCH LABORATORY 
NAVRANGPURA, AHMEDABAD 380009 


REQUIRES 

PHYSICISTS 


The plasma Physics Programme, a major research 
programme sponsored by the Dept, of Science and 
Technology, Govt, of India, as a part of their programme 
on Intensification of Research in High Priority Areas, is 
being nucleated at the Physical Research Laboratory, 
Ahmedabad. The Programme is looking for 

PHYSICISTS 

Job Deocriptiona: The Physicists will work on the 
development of conventional and nonconveniional 
plasma diagnostic instrumentation, toroidal plasma 
confinement experimental systems and will carry out 
research on topical problems of high temperature 
plasmas. 

Quaiiflcatfon A Experience: Ph D with experimental 
work in any branch of Physics sucn as Solid state physics. 
Plasma f iiysics. Nuclear phys'cs, X-rays & 
Crystallography, Spectroscopy. Atomic & Molecular 
Physics etc Candidates with Theoretical numerical 
analysis background and those with Ph D in Applied 
Mathematics may also apply Adequate experience in 
these fields are desirable 

The selected candidates will be placed in the following or 
a higher grade depending on the expertise, merit and the 
relevant experience in the related fields of Plasma 
Physics 


Rs. 700-40-900-EB-40-1100-50-1300 (Total emoluments 
at the minimum of the grade come to Rs 1802/- per 
month at present). 

Rs. 1100-70-1450 (Total emoluments at the minimum of 
the grade come to Rs 2555/- per month at present) 

General 

The funds for the plasma physics a project are sanctioned 
upto 31 -3-1986 and it is likely to continue beyond this 
period In addition to pay and other allowances perquisites 
like Provident-Fund, Gratuity, Leave Travel Concession, 
Contributory medical facility etc will be admissible as per 
rules In exceptional cases of merit additional increments 
may be granted. Outstation candidates called for interview 
for the posts below the grade or 1100 would be paid to and 
fro second class railway fare and for the post includihg 
and above the grade of 1100 would be paid first class 
railway fare by the shortest route Applications may reach 
in the prescribed form available from the Asst Admn. 
Officer, Plasma Physics Programme, Room No 552, 

^RL. Navrangpura. Ahmedabad 380 009 by sending a 
self addressed and stamped (70 paise) envelope on or 
before July 31,1964 The envelope should be 
superscribed with the post applied for on the left hand 
corner. Candidates employed in Government/Quasi 
Government/Public Sector undertaking should fonivard 
their applications through proper channel No interim 
correspondence would be entertained Incomplete 
applications are liable to be rejected. 
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I N the imJOs, research engineers in 
Sweden and USA were looking for 
an innovative, long-lasting and all- 
weather surface fur sports and re¬ 
creation. The product was a synthetic 
track. And in the Mexico Olympics in 
1968, for the first time, athletes ran a 
race on a synthetic surface instead of 
the usual cinder track. In 1976, a 
.synthetic hockey field was used in the 
Montreal Olympics in Canada. 

Immediately after the 1976 Olympic 
Games, almost all hockey-playing 
countries like Holland, West Germany, 
Australia and Pakistan went in for 


V 


synthetic lurl’ and improved their per- 
t^ormances in international hockey 
competitions. 

India, though, was a late starter: 
synthetic turf was first used in India in 
Itie 1982 Asian Games, and since then 
the Indian team has been constantly 
practising on tins surface. The result: 
its performances in the recently con¬ 
cluded international competitions in 
Kuwait and West Germany have been 


Left (top and middle): Synthetic surfaces 
used for hockey. Bottom: A ciose-up of 
synthetic grass fibres on a playing field 

Above: Athletics on a i^thetlc track 
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rated one of the best in recent years. 
Technologiy and training have indeed 
improved performances on the field. 

Synthetic turf has affected the style 
and technique of playing hockey in 
recent years. In general, teams with 
better physiques and greater endurance 
have been able to better adapt to these 
surfaces. And those who use a ‘hit and 
run’ technique are more successful 
than teams which depend on short 
passes and individual stickwork. That is 
why European teams like Holland and 
West Germany take greater advantage 
of such artificial surfaces by adapting a 
hard-hitting and long and cross¬ 
passing style of play. Because of the 
sureness of the surface, hard-hitting 
and stopping have become common. 
Another technique used on synthetic 
turf is the overhead long pass. At the 
same time, old techniques like the 
reverse stop on the run, the reverse 
pass on the move, the reverse flick 
during play and reverse hitting U 
difficult on synthetic turf. 

What are synthetic turfs made of? 
These are synthetic grass tapes knitted 
together with high stability polyster or 
nylon fibres. Layers of these synthetic 
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grass mats are laid on top of a specially 
prepared conventional pavement, all 
done with great care to ensure a perfect 
finished surface. Usually, two-metre 
wide rolls are laid on the prepared 
surfaces and sewn together with a 
special sewing machine. The sewn 


length of the rolls is covered on the 
back with a broad band. The rolls are 
then fixed at the edge of the pitch. 
Usually a concrete curb is constructed 
around the pitch. The synthetic surface 
is tucked over and anchored to a wood 
nailer which is attached to the concrete 
curb. 

For track and field events, 
polyurethane rubber and composite 
surfoces are used. In some cases, where 
the surfoce is pre-fabricated, it has a 
reselient rubber matting base. The 
surfaces are spike-resistant, with a 
bounce and involving very low energy 
loss. They are also slip-proof and could 
be used throughout the year. 

In fact, synthetic surfaces have made 
play or training possible throughout 
the year; rain, drought, frost and snow 
make no difference to the condition of 
the field. One could train eveiyday, use 
the field as much as possible and still 
the surface remains trouble-free. Mod¬ 
em athletes have demanded artificial 
surfiices for two reasons—to improve 
their performance, and to train con¬ 
tinuously without fatigue and danger of 
iivuries. 

A good sports performance demands 



PAUL SLAUGHTER/MArURAL HtS'rORY 
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that the track or tfie floor should be 
sufliciently elastic and resilient under a 
wide temperature range, should have a 
low energy loss and a cushioning effect; 
it should not skid in dry or wet 
conditions and the flooring should 
revert to its original position inunedi- 
ately after pressure. Similarly, a good 
playing field should have a well- 
balanced surface, good elasticity, re- 
sistatKe to abrasion and lower accident 
lisks; it should help increase efficiency 
'aid reduce fatigue. 

For running, the ideal would be a 
surface that imparted a high force in 
the direction of running and a reaction 
force (of the surfoce against the shoe 
and the borty; the harder the surface, 
the higher is this force) to the body. It 
is also not good if the force transmitted 
to the body is too low, for, a certain 
upward reaction force is necessary to 
maintain the body’s centre of gravity at 
a height comfortable for running. The 
surface should have a good “bounce”. A 
good surfoce should also be able to 
absorb shocks in the range of the force 
generated in sprinting, middle distance 
running and fogging while still main¬ 
taining a reaction force. 

In fact, the use of synthetic rubber 
tracks and the development of lighter 
running shoes have greatly improved 
rurming performances in recent times. 
According to some experts, it has 


chipped a second off for every lap, 
creating new world records. And if 
Jesse Owens, one of the greatest sprin¬ 
ters of this century, and who won the 
1936 Olympics 100-metres sprint with 
a timing of 10.3 seconds, were to run 
today, he would have matched today’s 
world record of 9.95 for the event. That 
is what a computer analysis showed. 
But back in 1936, “the track did not 
have the rebounding characteristics of 
today’s surfaces”, says Gideon Ariel, a 
US physiologist who did the computer 
analysis. Besides, Owens also didn't 
have the starting blocks and his foot 
slipped siightly on the track. "The 
human body hasn’t evolved much in 
the past 100 years”, says Ariel. "All the 
changes we are seeing today come as a 
result of improved technology and 
training.” 

Synthetic surfaces have several 
advantages over conventional fields. 
Synthetic fields can be used in all 
weather conditions and they afford play 
under same ground conditions. Several 
matches could be played in a day on a 
synthetic turf (say six to eight matches 
a day). While one can play for about 
500 hours a year on a conventional 
pitch, one can play up to 3500 hours or 
more on a synthetic pitch. With flood¬ 
lights, one synthetic field can replace 
five conventional pitches. Besides, 
maintenance is minimum; once the 


pitch is laid permanently, all ftiat ^ 
needs is occasional cleaning and watery, 
ing. An artificial surface am last aboift^ 
five to seven years. ' 

There are some disadvantages,,' 
however, of pktying hockey on a tyn^ 
etic turf. Players with weak physiqueir * 
for example, cannot withstand the 
pressure of play on synthetic turf as the 
actual playing period is much more as 
compared to playing on natural turf. 
The ball gets faster on synthetic turft it 
was timed that a good shot from a 
penalty comer into the goal takes 141'. 
seconds on synthetic turf while it takes ‘ 
around 1.9 seconds on natural grass., 
Hence the goal-keeper gets a shorto'' 
time to react. Muscle sprains are more 
on synthetic turf, and also there is a' 
higher wear and tear of body musclev 
Thus playing on synthetic turf leaves 
greater after-effects. 

Synthetic surfaces are also used for 
badminton, volleyball, etc. For bad¬ 
minton, plastic-coated rubber sheets 
are used on a jute or felt-backed PVC 
base. Volleyball courts use 
polyurethaAe surfaces. These surfr^es 
are usually taped on a wooden flooring. 

Though artificial surfaces have 
pushed up the cost frictor in conduct¬ 
ing international sports competitions, 
performances of atheletes and placers 
have gone up manifold. And so has the 
confidence of sports organisers. This is 
because they are more confident of 
completing the games and have no 
anxiety about ground conditions owing 
to bad weather. 

Of course, a good and true grass 
surface could be made in countries like 
India at a much lower cost, but one 
would not be able to control ground 
conditions under bad weather. 
Whether we like it or not, synthetic 
.surfaces have come to stay in many 
games and have been approved by the 
international sports federatioas. We 
may as well accept them and try to 
develop the facilities so that our inter¬ 
national sportsmen and younger 
athletes get the benefit of training on 
these surfaces. □ 

Dr Muthtah n Jomi Director of the Natmnal 
Institute of Sports. Patiala 
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MATHEMATICS OF HOPE 


B.A.Naik 






iXihf 








\ 


A Sanskrit proverb describes 
hope as a strange chain, one 
that enables those bound by 
it to fly; those who unfetter 
themselves, however, are 
condemned to crawl or 
stand stock-still! it is the 
hope of making a financial 
fortune that drives us to buy 
lottery tickets. But when 
you take a hard-headed 
mathematical look at the 
probability of your winning a 
windfall, hope acquires 
an altogether different 
aspect 


h 


R ama was a humble bidi-worker, 
one of the many people who 
throng daily to the lottery stalls 
— the purveyors of hope. 
However, what distinguishes this bidi- 
worker of Chhana Patana, Karnataka, is 
his persistence; He had been buying 
lotteries day after day for the last 18 
years, spending nearly a third of his 
meagre 600 rupees per month income 
on his (|uest for a windfall. Then one 
day Rama's fortunes changed. He won a 
bumper ’ first prize and overnight 
became a “master of sixty-one lakhs". 
‘Lakhpati" Rama was as laconic after 
his success as before: "Man's best 
successes come after many disappoint¬ 
ments!” he said. 

Rama is undeniably a fortune's 
favourite. But how many such success 
stories can one cite? It’s literally one in 
a million situation. The chances of 
99.9999 per cent of cases are so slim as 
g to prove the addage—“Hope lives for 
I ever but her children die one Iqi one." 
5 l^'hen you buy a lottery ticket what is 
■ the mathematical probability of your 
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winning the 1st price? 

In simple terms, probability may be 
defined as the ratio of favourable cases 
to the whole number of cases possible 
e.g. if there are 10 tickets bearing 
numbers 1 to 10 and a prize is declared 
for a single specified number drawn the 
probability of a single ticket holder 
winning will be 0.1. Because the num¬ 
ber of tickets issued is 10 while there 
can only be a single ticket beating the 
winning number. 

If you purchase more tickets the 
probability is multiplied by that num¬ 
ber. Naturally if you buy five tickets 
your probability of winning will be 5x 
0.1 = 0.5. 

Let us take another example. A 
lottery ticket bears a seven-digited 
number and a prize of Rs. 5 is declared 
for all numbers bearing the specified 
last two digits. Here while calculating 
the probability of winning we are not 
concerned with the initial five digits; 
f we have to only consider the last two 
digits which can only be from 00 to 99. 
Suppose the winning number is 38 













1 



which can only occur once in the range 
00 to 99. Thus the probability of your 
number being the lucky one becomes 1 
in 100 or .01. 

If by some trick you can corner all 
the 100 tickets within the series with 
00 to 99 as the last digits, only then can 
you hope to win the prize. The proba¬ 
bility of winning in such a case then 
becomes 100 per cent. Mathematically 
that works out to: 100 tickets, each 
with the probability of .01 >= 1. There¬ 
fore, vdien you say the probability of 


your winning is a unit oi 1 we mean 
you cannot lose. 

You have succeeded in making your 
victory fool-proof. But what if you are 
cheated out of your prize by some 
forgerer. In that case despite purchas¬ 
ing all the tickets, your probability of 
winning becomes a big zero! 

Again by cornering all the 100 tick¬ 
ets and ensuring that you have cent per 
cent probability of winning, you are not 
only lo.sing out on the excitement of 
lottery hut also on money! 
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That brings us to the concept of 
‘ mathematical hope which is defined as 
; ttie product of the amount the buyer 
. hopes to win and the probability of his 
;'”.Winning it. Let's take an example. 
T'iSuppose in a series of ten lakh tickets, 
'-With the 1st prize of Ks. one lakh, you 
• Jbuy one ticket. Then your mathematic¬ 
al hope on a single ticket works out to 
Us. 1 lakh X 1/10 lakhs = Rs. 0.10 or 
10 paise. 

Since each ticket costs 100 paise one 
can at once see why lotteries largely 
favour the urganisersi 

It is possible to make up the differ¬ 
ence between the mathematical hope 
and the cost of hope if in some cases if a 
player is a rich and plays systematical- 
Let us take a simple example. 
Suppose a coin is tossed for heads or 
tails. And the better wins and gets twice 
the amount staked. The strategy of a 
rich and patient player would be to 
.double up the stake evervtime he bets, 

Stas eatt H bOaJ dunce! 


eg the player stakes one rupee for the 
first bet, two for the second, four for 
the third and so on. 

Suppose he plays 10 bets and is 
unlucl^ in the first 9 bets but fortun¬ 
ately wins in the last bet (he should 
play consistently till he wins) he still 
stands to gain. How? The total amount 
staked in 10 bets is equal to 
l-f-2-b4-l-8-l-16+32.-b64+128-f256-(-512 
= 1023 and the amount gained in last 
bet 

2 X amount staked in last 
=2 X 512 

^1024 which is a rupee more than the 
total amount ^pent. This proves the 
whimsical addage “Heads I win tails 
you losel”. And it also shows how 
money attracts money. A poor person 
cannot afford doubling the stakes as 
can a rich one and therefore the rich 
become richer while the poor become 
poorer! 

That brings us to mathematically fair 


and unfair games. In a fair game if 1/n 
is the probability then your prize 
amount should be n times the amount 
staked. For instance, in the case above 
when a coin is flipped, the probability 
of your being right is (because there 
are only two possibilities: heads and 
tails); and the prize amount is twice the*' 
amount staked. Hence it is a "foir” 
game. 

Now suppose instead of a coin we use 
dice. Since a die has six faces the 
probability of getting a particular face 
right is 1/6. Thus in order to be fair, the 
prize amount should be six times the 
stakes. 

Unlike this simple coin-tossing or 
dice-throwing a lottery cannot be "fair” 
mathematically. It is not a mere game 
or a gamble. The avowed purpose of 
lotteries is to raise money for welfare. 
For one thing the number of tickets is 
always much larger than the prize 
amount 9 (which in most cases does 
not range beyond 50 per cent of 
takings). And the probability of your 
making a profit by cornering all tickets 
is never equal to unity. 

Mathematics of probability ptobably 
began around 1652 when Chevalier de 
Mere, a gambler friend of the great 
mathematician Blaise Pascal wanted to 
know the division of stakes in an 
unfinished game of dice. Surprisingly, 
a magistrate and a par-time mathema¬ 
tician Pierre de Fermat also got in¬ 
terested in this and allied problems of 
that noble gambler who was a mere 
catalyst to the gensis of Probability 
Theory. Historians have recently found 
that the Italian mathematician Jerome 
Cardon (1501-1576) had also done 
pioneering work in the field. He dealt 
with some fundamental problems of 
probability in his classic Liber de Ludo 
Alae: Little Gamblers’ Manual. 

Whoever sir’ed probability theory 
first, it is certain that the uncertain 
nature of the game of chance gave birth 
to a new branch of mathematics with a 
wide range of applications. 

Gambling is as old as civilisation. 
There is hardly any event or an activity' 
on which one cannot wager. In the 
Bhagvadgita Sri Krishna proclaims “In 
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mdl Lottoy WH an inwntion of the 
1 ot|!h^ Roaim. Uitteries in the nwdern 
eense origbiated in Italy in the Middle 
Ages. The earikst state lotteiy was con¬ 
ducted toi Rrance in 1520. The idea spicad 
to England, beiand, Germany, France, 
^pain, SwUserland, Russia, USA and Au¬ 
stralia. Rs spread to the Eastern part of 
the world Is of recent origin. 

During 1M4, the first official attempt 
uras made in India to raise funds through a 
lottery by way of the priK bond scheme of 
1944. In 19W, the second prise bonds 
were issued. In 1963 and 19M premium 
wrise bonds were issued. Kerala started 
^he state lottery in December 1967—the 
first state in India to do so. 

Punjab in July 1968 followed suit, with 
Tamil Nadu and Haryana on close heels. 
Rajasffian started it on January 1, 1969. 

Mr. C. Rajagopalachari was the first 
statesman to raise voice against states 
starting their own lotteries. In his opin¬ 
ion, fire centre alone had the legal power 
to start a lottery. 

According to the Reserve Bank of India, 
the total collection from lotteries wm Rs. 
48.0 crores in 1980-81, budgeted estimate 
was Rs. 89.7 crores in 1982-83. 

Out of eighteen states which float 
lotteries in India, rtuuor are: Andhra 
Pradesh, Gujarat, Haryara, Karnataka, 
Kerala, Maharashtra, Punjab, Rajasthan, 
Tamil Nadu, Uttar Pradesh and West 
Bengal. 

While these states have their monthly 
draws some of these states have a dai^ 
draw too like fire popular Maharashtra 
mini-lottery. Around 26 guaranteed lot¬ 
teries are held every week and 124 draws a 
week. 

Agents get anything between 15 per 
cent to 50 per cent of commission on 
tickets sold. The breakdown is as below: 
Commission oflered state 

15 per cent-Tamil Nadu, 

Gu jarat and 
Maharashtra 


20 percent- 


25 percent- 

30 percent- 
50 per cent- 


-Manipur, 
PoraHcherry'and 
Meghaliya 
-Sikkim, Delhi and 
West Bengal 
-KartMtaka 
-Nagaland, 
Chandigarh, 
PUttjab Red Cross 
and Haryana Red 
Cross 


A lottery priM is subjected to a .3316 per 
cent tax. Besides some states also deduct 
the agents’ commission, publicity atrd 
other expenses in addition to the tax. 

A Supreme Court ruling removed res¬ 
trictions on inter-state sale of lotteries. 

The prize money varies from lottery to 
lottery, first prize being over a couple of 
crores of rupees—the highest-to Re. 1 
being the lowest for a daily draw in 
Maharashtra, while for a weekly draw the 
prize range is Rs. 1 lakh to Rs. 2 only. 

Revenue and expenditure on lottery 
differs from state to state. In Maharashtra, 
about 55 per cent of the retunu on sale of 
lottery tickets is spent on prises and 15 
per cent on commission to agents. 

Distribution costs of lotteries work out 
to something like 25 per cent of gross 
collection for commission and bonus for 
distributors and dealers, 10 per cent for 
administrative expenditure, 40 per cent as 
prize money (including income-tax to 
Central government) and 25 per cent to 
the state government as net revenue. 

Wfiiile persons in different ranges of 
incomes participate in the "legalised 
gambling’—lottery—55 per cent belong 
to the group earning below Rs. 1.000 per 
annum, 26A per cent within the range of 
Rs. 1,000-Rs. 1,500 and 13 per cent in the 
range of Rs. 1,500-Rs. 3,000 per annum— 
according to a Survey. Thus, lotteries 
appear to be a poor man’s gambiing with 
81 per cent of population participating in 


lotteries being poor. v ^ 

The pertodidbi of pMiment of 
money to the success^ drawm nrimi 
from state to state—less than finec wisii^ 
in the case of Maharashtra to over twM|y>N 
eiffiit weeks in the case of West Bengal 
upto 18 months or more, occaskmalb*, kb' 
the case of Rajasthan and Haryana 
Lottery, very often, condemned as ‘hi- 
alised gunblirig’ has stirred a homest’s 
nest The term ‘lottery’ is defined as 
"ganriiie in which part of nwnqi paid fbr-^ 
tickefai is distributed by lot amori some of' 
the liolders.’’ 

Lotteiy has descended down the ages to > 
the modem times. The largest at tha 
American lotteries and perha^ the most', 
controversial for the charges of corrup- ‘ 
tkm Involved was the LouisiaiH state: 
lottery licenced in 1868. It was dosad i 
down inl893. J 

The List II in the Seventh Schedule of. 
the Indian Corutitution, the Stats Utt— < 
includes betting or gambling In Mon Mb. 
34; stretching the meaning and scope-of^ 
the term to enable the state legislatures to 
make laws regarding lotteries too. Howev¬ 
er, item No. 40 in the Union List nods: ■ 
"Lotteries organised by the govenmentof ’ 
India or the government of a state means 
the Parliament has exclusive powers to 
make laws regarding lotteries or licence 
them.’’ 

The Law Ministry opined that the 
lotteries run by the states are unconstitu¬ 
tional. 

Lotteries are defended on the grounds 
of revenue-earners, employment gener¬ 
ators and resource mobilizers for aodal 
welfare schemes of the governments. They 
are condemned as being a discreditable way 
of raisiiu money’ (C. Rajagopalachari) 
unconstitutional, unethical, anti-poor and 
launderer of black money. Revenue raised 
by way of lotteries is claimed to be either 
not spent on social schemes or too meagre 
to matter. 

S. R. Kubelteri 


the wicked I am the instinct of gaiftb- 
ling". Indeed, we owe the entire 
Mahabharata to a fateful game of dice. 
Even our Vedas talk of gambling. The 
modem games of chance include craps, 
baccarat, roulette, horse racing and 
lottery. Since gambling is denounced 
by almost all religions one may argu¬ 
ably leave out horse racing and lotteiy 
from the fold of gambling. One can 
view them as games of chance plus 
skill. 

Dice: The sue faces of a dice are 
‘^marked with a number of small dots 
ranging from one to six. One, two or 
more dice are thrown at a time and the 


player has to predict the outcome in 
advance. For craps, the most popular 
gambling game in the U.S. two dice are 
used while for a game of chuck-a-Iuck, 
three dice are needed. 

One of the favourite games in gamb¬ 
ling houses is “Roulette”. This origin¬ 
ated in France. The wheel at Monte 
Carlo IS divided into 37 equal compart¬ 
ments numbered from 0 to 36 and 
alternatively coloured red and black. A 
ball is thrown onto the spinning wheel 
which comes to a halt, on some num¬ 
ber with a certain colour. The player 
has to guess the number and the colour 
in advance. 


Ultimately it all boils down to 
chance. Life itself is a great game of 
chance. The genetic code is like a tarrot 
pack. Each random shuffling of the 
cards produces a unique set of charac¬ 
ters and qualities in an individual. 
Equally unpredictable circumstances 
and chance encounters produce un¬ 
foreseen effects: a brilliant mathemati¬ 
cian like Galois can end up in jail over a 
brawl over political views. He can then 
stay up to write a revolutionary con¬ 
cept in mathematics—and die the 
next morning in a tragic duel! Q 

Mr Mttik leaches al Shn Hhagubhai Mafatlal 
Melethnii. Vile I'urk (W), Bomhaii 1(10056 
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PRIMING OF PEARLS 











EN have been intrigued... fascinated. 


even obsessed by pearls. And no won¬ 
der, for each p^rl has been endowed by 
Nature with its irresistible allure, its own 
inimitable beauty. Cleopatra is said to have 
toasted a glass of wine containing a pearl to 
the health of Mark Antony. Poets and lovers 
ha,ve found an apt expression—"a string of 
to describe a beautiful woman’s 
smile. Indian mythology prescribed pearls 
in the form of bhusma for longevity, vigour 
and vitality. Wonders never cease when one 
comes to learn about the origin of these 
glittering pearls. Only during self-defence 
pearl-oysters form pearls in the bosom of 
the sea which then become our cherished 
possession. 


There are two m^or groups of pearl 


oysters in which gem pearls may form. The 
salt-watei pearl-oyster, Pinctada, of which 
there are several species and a number of | 
genera of fresh water clams. Usually jewel- 2 
Icrs refer to salt-water pearls as Oriental g 



. ■ * 


Pearl-oysters inhabit the tropical seas, 
especially in the Par East. Japan, Thailand, 
Persian Gulf, the east coast of India, Ceylon, 
Au.stralia and the Gulf of Mexico. Tliese 
oysters survive on planktons (floating aqua¬ 
tic plants) which are available mostly in 
warm waters. 

One year old oyster is seven millimetres 
(mm) in diameter and is termed as an adult, 
its life span being only five years. The oyster 
iij^a bivalved mollusc having a shell with 
ffUmerous hair-like structures with which it 
adheres itself to the pearl bed at the bottom 
of the ocean The pearl bed is full of corals. 


■'"•Mi® 


''>1 




sand and algae. If this pearl bed is dis 
turbed, the oyster cannot survive. 

Natufil pearl formation 

It is interesting to know how a pearl is 
formed. A tiny particle, either a parasite or a 
grain of sand (grit) mside the inner layer or 
the epithelial tissue of the mantle of the 
oyster, initiates the pearl formation. As a 
means of self-defence against the irritant, 
the oyster embeds this particle (nucleus) 
with the secretion from the inner layer of 
the shell. This is called the nacre or 
mother-of-pearl. Nacre consists of 


pseudohexagonal aragonite cry'staLs held jn 


place at right angles by conchiulin, a 


horn-like organic secretion. Chemical 


analysis of pearls show the presence of 


calcium carbonate, organic materials and 


water. These chemical components vary 


depending on several factors like the species 


ot mollu.scs and the position of the nucleus 
within the shell 


The shine of a pearl is due to the small 


amount of water present within the pearl. 


U.\ lustre depends upon the thickness of the 


secretion deposited by the oy.stei around 


the nucleus. Lustre is caused by microscu 


pic ripples in the thin layers of the semi¬ 
transparent nacre that forms the pearl. 
When light strikes the ripples, they act as 
prisms breaking the light intd a spectrum of 
colours. The colour of pearl varies from 
pure white through pastel pinks, mauves, 
golds and greens to black pearls. Besides 
colour, the shapes of pearls vary from tiny 
smooth 'seed' pearls to large 'baroque' 
pearls. The most common and desirable 
shape is spherical or nearly spherical; this is 
the shape chosen for necklaces. Other 
desirable shapes include those called but¬ 
ton, pear, egg and drop. When the pearl 
rests in the oyster cavity, it grows into a 
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spherical shape. But, if it itets embedded in for Bu§pending oyMien impbnied wlUi the nuckus 

a muscle, iU (growth is slightly retarded 

resulting in an irregularly shaped pearl. also scrupulously maintained. Once the delicate surgery on them. A portion known 

Likewise, when the nuclei get lodged else- tank is ready, male and female pearl-oysters as the graft tissue is removed from the 

where in the body the pearls are irregularly are kept in the tank. Water in the tank is margin of mantle tissue and a small particle 

shaped. mixed with ammonium hydroxide which from shell of a conch termed as nucleus, is 

The divers who gather pearls, spend acts as a stimulant for males and females to implanted in the graft tissue. Through the 

about bO to MO .seconds under water and discharge sperms and ovum respectively, foot region of the animal, an incision is 

bring the oysters to the surface in baskets. tCxternal fertilisation takes place in the made enabling the formation of a channel 

The uy.sters are then broken open and the tank. Within twenty days the young ones or and then the nucleus wrapped in the graft 

peails extracted. But natural pearls and spats appear tisue is slowly deposited in the gonad of the 

pearl-oysters have dwindled in size and These spats are reared in the tank. They mollusc. The oysters implanted with the 
today almost face extinction. Change in are fed with planktons collected from the nucleus are then placed in a tank contain- 

oceanic currents, deposition of toxic and sea. The oysters enjoy a state of complete mg sea water. After two days of observation, 

polluting elements in the bottom of the sea well-being in their new home. The survival they are put in a cage, suspended on a raft 

cnn.stantly cause harm to the pearl bed. rate of oysters in the tank is 20 per cent, as and immersed in the sea. Nacre is secreted 

Hence, pearl-oysters are slowly disappear- compared to two per cent present in the and the pearl formation starts, 

ing. Natural fertilisation, a subsequent sea. Spawning oysters in laboratory is After about three months, the oysters are 

taken out of the sea and washed. The shells 
are opened using a knife and the oysters are 
laid bare with a slit in their body revealing 
the unique gems. These are removed gent¬ 
ly. washed in a soapy solution and wiped 
with a silk cloth They are then graded 
according to size, shape, colour, lustre and ’ 
quality. 

Cultured pearls approximate natural 
pearls. However, if the covering of nacre is 
too thin it will deteriorate upon prolonged 
contact with the acids of the human body, 
eventually revealing the mother-of-pearl 
matrix. This happens even with natural 
pearls if they are not properly taken care of 
Perfumes, vinegar and other household 
sprays damage them. 

In recent years, there has been an 
improvement in the quality of cultured 

^ .j. pearls. The price of cultured pearls range 

halchinc of cp IS a wiere chance event m indeed an achievement. Dr. ^agarswami, a 50 300 ^^ich is 

the sea. hach adu I fvmale oyster lay.s 20 senior .scientist and head of pearl culture compared to that of the natural' 

million e({j{.s. out ol whicn 40 lakhs .survive branch ot Central Marine Fisheries Re- pearls which cost Rs. 1.500 to Hs. 2,000 per 

and mature Hdwever. the .survival of young search Institute (CMFRO. Cochin, and his Npwpk a«nprt« ;irp hpino mncwIprpH in 

ones 15 rare There are imminent dangers. colleagues have succeeded in developing fh^ mS ofcultu^^^^^^^ 

tor the young <mes are usually attacked by and standardising this technique. Spawned trend us the culturing of black pearls 

rav lish and are eaten awav in larfte oysters can then be used for ciillurint* Attempts are also being made to manufac- 

(liian'ities The steep tall in numbers oi pearls nucleus industrially. At present, 

pearl-oyslers has motivated scicntLsts to particles of conch shell which can be used 

induce the oysters to spawn in the lahoia- Cultui^ pearis , , as nuclei are collected from Kerala and 

lorv and reai them The Japanese and Chinese have perfected Tamil Nadu coast 

the pearl culture method in the last 100 Production of cultured pearls face a 
Spawning pearl-oysters years or more The fir.c cultured pearls of problem of pollution in open seas. This 

The most impoitant aspect oi spawning India were produced in rafts immersed in includes fouling by barnacles and parasitic 

«>v,stcr.s IS the water mansigement lechni the Gulf t)l Mannar iTuticorn) by scientists organisms Due to these problems the 

qiie .St-a water tested and filleicJ several fnim cMFRi in Vm. These pearls are pro- production of cultured pearls has fallen 

tinie,s and sub|ccted to ultiaviolet rays to duced by the pearl-oysteis in a similar way Jown. But. with the help of marine scien- 

ensurc hdcteria-fiee water, is filled in .spe- as natural pearls. Adult oysters, either male ^re on our way to develop a 

cialty prepared tanks Theieafter, a pearl ur female, are collected from oceans and pearl-oyster spawning and pearl culture 

bed with ideal conditioas congenial to brought to the laboratory They are kept in industry. 

oysteiy, in the sea, is created It is lined with a tank which is sprinkled with methanol. Gt Shaheed 

corals or sponges with planktons around. This has an anaesthetic effect on the Mr, Shaheed ir a correspondent of AfdihniMi/- 

Tbe salinity and temperature of water is oysters, which is needed to carry cut a mi a Matayaiam daily. 



The internet organs of a bivalve Pearl formation 
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User friendly! 


T his book is meant for the beginner who is eager to shake hands 
with a computer (but is too shy or non-numerate to do so). As 
the preface indicates, this book is about computing; it is only 
secondarily a book about computers. It presents almost everything 
about computing lucidly without assuming prior knowledge of 
mathematics or electronics from the reader. Even those who have a 
nodding acquaintance with the computer will find the book handy as 
it covers an extensive ground and the information is uptodate. The 
aiH^ assure that if most of the material presented is assimilated 
one could easily read through many of the computer journals and 
also be in a position to pick up any programming language from a 
book. 



The book has five parts. The first part, on manipulating 
symbols, dispels the notion that the computer is only a number 
cruncher. The various possible applications are traced to the four 
basic operations—calculating,storing information, communication 
and control—that essentially computers are capable of. A short 
introduction to electronics is also included for those who are 
curious about the principles on which computer components work. 
Part two presents the development of computers in a historical 
framework. It explains how the concepts behind computing and the 
technology of computers themselves have developed. Why digital 
computers have gained ground over analog computers, the technol¬ 
ogy that made the modern digital computer possible, the speed and 
reliability of today’s computers have all been briefly discussed. 

The book also examines the hardware aspect with two specific 
\.xamples (The 6502 microprocessor and the minicomputer EMMA). 
Several aspects of modem computer technology, as varied as 
memory medium modes of addressing memory, input and output 
handling devices, the need for standardisation, computer network¬ 
ing are all covered in an easy to understand fashion. The last two 
chapters deal with programming languages and data structuring 
and some applications of the larger scale computer systems 
including artiflciaJ intelligence respectively. 

A glossary in the end includes words, phrases and alternative 
spellings that are in common use but not used elsewhere in the 
book. A selected bibliography is also given for all the chapters. 

The book in the best traditions of a well-produced Penguin is a 
comprehensive introduction to computing by any standards. But 
take care, the pages might fall off, it is a paperback and not one of 
these ligatdre-bound bo^s that seem to de^ all attempts at rough 
handling. 

Indlri Murtiqp 

**1%^ Penguin Computing Book, A complete and comprehensive 
mode to computing" by Susan Curran and Ray Cumow. Penguin 
Books. £ SM 
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O UR understandinf! of thi; basic 
constituents of matter has 
changed with time Till the 
beginning of this century the 
most basic building blocks of matter 
were supposed to be the atoms (the 
word atomos in Greek means indivisi¬ 
ble). In 1911, Ernest Rutherford, 
showed that the atom is not an indivisi¬ 
ble or elementary object by itself. 
Instead, it consists of a compact solid 
nucleus with tiny electrons going 
around it like a mini solar system. In 
his classic experiment Rutherford used 
a beam of charged particles to probe a 
thin gold foil. It was like shooting a 
bunch of bullets at a target and study¬ 
ing the pattern of hits on a screen 
placed on the opposite side. The hit 
•pattern would show whether the target 
is a compact solid sphere or a hollow 
one with only a compact solid core. 
Rutherford found that most of the 
charged particles passed through the 
foil straight without deflection. But 
occasionally one would scatter off the 
foil at a sharp angle. This showed that 
It had collided with something small, 
which was smaller than the individual 
atoms of gold in the foil. Albert Ein¬ 
stein called Rutherford's technique one 
of "shooting sparrows in the dark". Yel, 
despite all our technological progress 
in high-energy physics, it still remains 
the principal experimental approach to 
probe the heart of the atomic nucleus 
Subsequently the nucleus itself was 
split into protons and neutrons; and all 
the 92 atomic nuclei (from hydrogen to 
uranium) were shown to be built of 
varying numbers of these two basic 
<<b)ects- lointly called nucleons. While 
hydrogen is the lightest the heaviest 
ones like uranium, consisting of 92 
protons and an iwn larger number of 
neutrons, are known to be unstable 
(radioactive) -they decay automatical¬ 
ly into lighter atoms. In fact, a score of 
still heavier (than uranium) and more 
unsUble atoms have been artificially 
produced, which includes the well- 
known plutonium. 

During the last two decades, it ha,< 
been found further that the protons 
and neutrons .ne ihemseIvLS composed 
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The (fiscovery of W and Z particles in 1983 
marks an important milestone on the road to 
the eventual unification of all the basic 
natural forces 
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1. Aerial view of ihe underground giant 
particle accelerator in Geneva. 

2. Tracks of nuclear particles from a pro¬ 
ton antiproton collision disclosed hy the 
central detector of GAI experiment at the 
European Organisation for Sudear Re¬ 
search (CERN) Laborrdory, Geneva. The 
display indicates the decay of a particle 
known as Whoson. According to theory the 
W and Z particles mediate the weak nuclear 
force in much the same m'av that photons 
carry the electromagnetic torce. The strong 
evidence about the existence uf these two 
^^intermediate*"particles supports the elec- 
troweak theory linking the well-known 
electromagnetic phenomena — heat, light, 
electricity and magnetism—with the lesser 
known radio-active decay. This marriage** 
of two forces brings scientists a step near 
to grand unification of all natural forces. 

3. The Boson pyramid 

4 . A technician inspecting the magnets and 
calorimeter of the GERN experiment led by 
Dr Carlo Rubia. 

5. The heart of the central detecting 
chamber 
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of still smaller entities called quarks. 
The experiments arc similar to the 
Rutherford scattering! experiment, ex¬ 
cept that the bullets-the charged 
particles used now—have a lot more 
energy which enables them to probe 
still shorter distances.* 

According to our present under¬ 
standing, therefore, the “ultimate'’ 
constituents of matter are the quarks 
and leptons. There are six types of 
leptons (electron, muon, tau and their 
associated neutrinos) and as many 
quarks (up, down, strange, charm, 
bottom and top). Each set can be 
organised into three pairs or genera¬ 
tions in increasing order of mass, as 
follows; 


leptons charge 

quarks charge 

\ \ \ 0 
e p T -1 

u c t 2/3 

d s b-1/3 


and similarly for their antiparticles** 
Each pair represents two charge states 
differing by 1 unit—charge 0 and -1 for 
the neutrinos and charged leptons and 
2/3 and -1/3 for the u, c, t and d, s, b 
quarks respectively. In addition, the 
quarks po.s.sess what is called the colour 
charge. It essentially means that this 
new type of charge can take three 
possible directions—rather whimsical¬ 
ly labelled red, blue and yellow. Howev¬ 
er, the nuclear particles, composed of 
these coloured quarks, have no colour, 
like the atoms have no net electric 
charge. This is illustrated above for 
proton, neutron (both composed of 3 
quarks) and the n-meson (composed of 
a quark-antiquark pair). _ 


*This follows from one of the most 
fundamental prmaples of modem ph^^sics 
called Heisenberg's Uncertainty Print ipie, 
which States A.v = hi/\p. that is. the 
uncertainty in distance ts inversely 
proportional to the uncertainty in 
momentum, with the constant of propor¬ 
tionality given by the Planck's constant 
J(P' erg. sec) 

**Each particle has an antiparticle with 
same mass but opposite charge, with 
which it annihilates on contact 
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Of course, the ii-mcson is short-lived: 
the quark-antiquark annihilate on con¬ 
tact. Nonetheless, it is routinely pro¬ 
duced in laboratory and is currently 
tipped for wide usage—from cancer 
treatment to antimissile warfare. 

One notes that the familiar nuclear 
particles are all composed of the first 
generation quarks. However,' the 
heavier quark states have been pro¬ 
duced in the laboratory and seem to 
decay readily into the lighter one. They 
are analogous to the trans uranium 
atoms described earlier. In fact, one 
has already observed all the lepton and 
quark states including the heaviest one 
(Top quark). 

Four types of interactions occur 
between these basic constituents. 
Arranged in decreasing order of 
strength, these are: (1) Strong Interac¬ 
tion: The quarks, carrying colour 
charge, interact by exchanging mass 
less particles called gluons (Fig. 2a). 
This IS responsible for holding the 
quarks together in a nucleon, and also 
for the nuclear force between the 
nucleons, which holds them together 
in an atomic nucleus; (2) Electro¬ 
magnetic Interaction: All particles car¬ 
rying electric charge interact by ex¬ 
changing the massless photon (Fig. 
2b). This IS responsible for holding the 
nucleus and the electrons together in 
an atom; (3) Weak Interaction* It is 
mediated by the exchange of charged 
vector BosonsW^, which couples with 
the pairs of quarks and leptons listed 
above (Fig. 2c); and the neutral vector 
Boson Z**, which couples to every quark 
and lepton (Fig. 2d). The basic interac¬ 
tion of Fig. 2c is responsible for neut¬ 
ron decay 


n(ddu) p(udu) + e + Ve 
which in turn is responsible for many 
of the radioactive nuclear decays. (4) 
Gravitational Interaction: It is medi¬ 
ated by graviton, which couples to all 
forms of matter. But it is too weak to be 
of practical interest to our discussion of 
the subatomic world. 

All these carriers of forces are mass¬ 
less, except for the weak vector Bosons, 
W- and Z, which are very heavy. Now, 
exchange of a particle of mass m means 
that its rest mass energy E = mC^ 
(according to Einstein’s celebrated 
equation) is suddenly created at emis¬ 
sion and lost at the time of absorption. 
Thanks to the Uncertainty Principle 
mentioned earlier, such a temporary 
nonconservation of energy is flowed, 
but only over a very short time span t= 
h/mc* or equivalently a very short 
range of distance (=h/mc). Thus the 
weak interaction is a very short range 
force whereas all the others have lon^i;' 
range. 

While efforts at unifying the First 
three forces (Grand unification) and 
even all the four (Super unification) 
continue, one has already had demon¬ 
strable success in unifying the two 
intermediate ones, that is, electro¬ 
magnetic and weak interactions. This is 
the electroweak theory, for which 
Glashow, Weinberg and Salam were 
awarded the Nobel prize in 1980. How 
does one unify a long range (electro- 

** Particles with integral and half integral 
spin, in units of the Planck's constant h, 
are classified as Boson (after S, N. Bose) 
and Fermion (after E. Fermi) respective' 
ly. All the basic constituents are 
miom: and the carriers of the basic forces 
are all Bosons. 




magnetic) interaction with a short 
range (weak) interaction, which seem 
to have, moreover, very different 
strengths—^the two interaction rates 
differing by a factor of a million at 
energies of a few GeV?* One does this 
by connecting up the two anomalous 
fei^res of the weak vis-a-vis the elec- 
trmiagnetic interaction (short range 
and apparent weakness) with each 
other. It is suggested that the inherent 
strength of the weak interaction is 
similar to the electromagnetic; and the 
apparent suppression of the weak in¬ 
teraction rate is a transient phenome¬ 
non, which arises because the present 
interaction energy (E) is very much 
smaller than the rest mass energy of 
the interaction carrier (m^c^). In such 
a situation, one expects an additional 
suppression factor of (E/mwC‘)\ Now, a 
remarkable prediction of this theory is 
the mass of the weak vector Bosons. 
For. a suppression factor of a million at 
a typical energy (E) of a few GeV, 
implies a rest mass energy of around a 
(million) '/4 GeV - i.e. around 30 GeV. 
More exact calculation gives 

mw = 82 GeV/c‘, m^ = 92 GeV/c“, 

that IS, the weak vector Bosons are 
roughly a hundred time.s heavier than 
the proton. 

The above prediction has had a 
profound impact on the experimental 
particle physics. Several particle 
^■accelerators have been specifically de¬ 
signed to generate ultra high energy 
particles to produce these massive 
Bosons and study their properties The^ 
first in line is the proton-antiproton 
collider machine, built at CEKN (Cen¬ 
tre Europeenne pour la Recherche 
Nucleatre), Geneva. It consists of a 
giant acceletator ring, b km in circum¬ 
ference, located^ in an underground 
tunnel spanning across the French- 
Swiss border. In this circular ‘Race 
track’ protons and antiprotons are 
whipped up to an enormous energy of 

•i4 GeV fCega electron Volt) is the energy 
acquired by an electron in passing 
it trough a thousand million voits. This is 
ulso roughly equal to the rest mass 
energies, of the proton and neutron. 


270 GeV each, and then made to collide 
head on (Pig. 3a). In a few of these 
events, a colliding quark-antiquark pair 
fuse to form a W Boscon (Fig. 3b). 
converting their huge kinetic energy 
into the W mass. Of course, it decays 
instantly, thus converting its huge 
mass back into kinetic energy of the 
decay products—often an electron- 
neutrino pair as indicated in Fig. 3b. In 
the process it leaves an unmistakable 
imprint on the decay debris, however. 
In particular, the electron and the 
accompanying neutrino carry huge 
transverse momentum (going upto ^2 
"\vc^ = 41 GeV each), which no other 
known mechanism can mimic. Of 
course, the neutrino escapes detection 
as it does not have strong or electro¬ 
magnetic interaction; but its presence 
can be inferred from momentum con¬ 
servation, once one sees an isolated 
electron with large and unmatched 
tran.sverse momentum. 

The rate of such events can be esti¬ 
mated by simply multiplying the rate of 
the basic weak interaction with the 
probability distribution of the basic 
quark (antiquark) con.stituent in pro¬ 
ton (antiproton). This is illustrated in 
Fig. 4. The estimated rate is about 5 
such events in a billion collisions. The 
rate for the corresponding Z events is 1 
in a billion; but it has the advantage 
that both the decay products (electron 
and positron, as per fig. 4d) are delect¬ 
able. 

Around the beginning of la,st year, j 
team of over a hundred experimenters, 
led by Carlo Rubbia, reported on their 
search of a billion pp collisions. In 
deed, they found .*) or 6 events contain¬ 
ing an isolated electron with large 
transverse momentum, which carry a 
clear imprint of W Boson formation. 
The finding was shortly confirmed by a 
second group of experimenters, work¬ 
ing at the .same accelerator. Both the 
groups have since extended their re¬ 
search to about ten billion collision.s. 
And they have each found about fifty W 
events and five Z events. They have also 
confirmed the theoretical predictions 
of the W and Z Boson masses, men¬ 
tioned earlier. 


A very important by product of this 
experiment is a strong hint of the 
elusive top quark—^the last of basic 
constituents of matter, described ear¬ 
lier. In addition to the 6 isolated 
electron events (W events), the ex¬ 
perimental group of Rubbia reported a 
dozen of electron plus jet events where 
a large transverse momentum electron 
comes back to back with a jet of 
nuclear particles. It was simultaneous¬ 
ly shown by an Indian and an Anglo- 
American group of theorists that these 
events ran be most naturally explained 
in terms of top quark production, in 
the expected mass range of 30-40 
GcV/c*. Moreover, they cannot be 
accounted for by any other known 
mechanism, including W and Z pro¬ 
duction. The significance of the sug¬ 
gestion has been widely recognised by 
now. One should bear in mind, of 
course, that the jet plus electron events 
are more complex compared to the 
isolated electron events; and besides 
they have nut been experimentally 
analysed in as much detail. One may 
quote here a few lines from the News 
and View columns of Nature (7 April 
1983); "Theori.sts in Britain, US and 
India have independently noticed that 
the ‘electron plus jet’ events, suitably 
interpreted, could indeed he indicative 
of the top quark's existence with a mass 
between 25-40 CeV/c^... At the very 
least the theorists have sharpened 
some of the issues at stake in the 
.search of the top quark; subsequent 
data might even confirm their propos¬ 
al. During the next three months, 
further examples of the 'electron plus 
jet' events will be looked at as intently 
as the isolated electron (W) and the $ e 
pair (Z). By July 198^^ we might have 
witne.ssed as many mile.stones as in the 
annus m:rabile 19.32”. Detailed ex¬ 
perimental analysis of Ihe electron plus 
jet events is now going on; and where 
as the time schedule forecast above was 
evidently too optimistic, a deHnite pic 
ture is expected to emerge in a few 
months. □ 

Dr. D. P Hoy is with the Theoretical Physics 
Croup at the Tata institute of Fundamental 
Research mFm, Bombay 
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The technician stood staring at the 
ground for a long time with a frown on 
his face. He felt distinctly uneasy. 

T he babble of conversation ceased as 
the White House spokesman en¬ 
tered the conference hall, where the 
media-persons had gathered for a brief¬ 
ing on the Cyclops missile. 

“Gentlemen of the press/* he began 
after adjusting his mike, “I’ve been 
asked to tell you about our latest 
missile. We haven’t released much 
information about it so far. Well, I'm 
glad to say that the plan was approved 
by Congress yesterday’’ he permitted 
himself a smile and waited for the 
polite applause to die down. 

“According to the provisions of Salt 
111 treaty, the US and the USSR are 
allowed to develop one new missile 
each. Our existing Cyclops mi.ssile is 
quite satisfactory for the present and it 
was thought that it would he wasteful 
to scrap it and develop a new one. So 
our scientists have decided to just 
modify it slightly. Of course, this is 
considered to be equivalent to the 
development of a new missile." he 
added hurriedly, “but modification of 
the existing missile is economically 
attractive compared to the develop¬ 
ment of a new one. Besides, the Cyc¬ 
lops missile leaves nothing to be de¬ 
sired in respect of either megatonnage 
of its warheads or its aerodynamic^ 





It’s all a big chess game. With every move 
your opponent makes you’ve to reconsider all 
your plans... 


maneuverability. However, its control 
systems have immense scope for im¬ 
provement. It is in the field of cyberne¬ 
tics that our scientists have been con¬ 
centrating for over a decade. They have 
recently achieved success in the crea¬ 
tion of a robot brain which can be 
euily incorporated into the existing 
nviasile structure.” 

The man from The New York Times 
raised his hand. 

“According to our information, the 
previous model also carried an onboard 
computer. Can you explain to us in 
what respect the robot brain is su¬ 
perior?” 

The spokesman paused; “Ah,” he 


surroundings with the programmed 
map. the on-board computer can rec¬ 
ognise the target when it arrives. Then 
it causes the warhead to detonate. 

“Very good. Now all this describes 
the missile’s working under ideal con¬ 
ditions. There are many reasons why 
the Cyclops is not cent per cent reli¬ 
able.” He paused and took a sip of 
water. 

“In warfare there are many un¬ 
knowns”, he continued,” the missile is 
not invulnerable to detection and subse¬ 
quent destruction from the air. Of 
course, the Cyclops’ computer has its 
own weapons to deal with aerial 



said, “we do make a distinction be¬ 
tween a compuMr and a robot brain. 
But how does a missile of the Cyclops 
type function? Cach missile is prog- 
crammed to fly to a particular enemy 
target. Each has an on-^oard computer 
with the entire route marked and 
programmed into it. The missile de¬ 
rives its name from the single camera* 
"eye" with which it keeps track of its 
course. (Remember the single-eyed 
monster from Homer’s Odyssey!) If the 
missile deviates from the course shown 
on the programmed map, the compu¬ 
ter moves the control surfaces approp¬ 
riately and brings the missile back on 
course. It also keeps the missile iow to 
avoid detection by giound radar. If a 
hill looms up, the camera relays the 
information to the computer, which 
makes the missile climb and fly over 
.^”afely. Once past the hill, the missile 
fetums to tree-top level flight. By 
constant comparison of the missile’s 


threats—laser beams to bring down 
enemy aircrafti But there are other 
problems, gentlemen. Suppose the 
enemy aircraft had never spotted the 
missile in the first place. Thenll The 
laser burst would give away the missile’s 
presence. The missile should therefore 
be able to judge whether or not it has 
been spotted, before it takes the offen¬ 
sive. It should be able to draw conclu¬ 
sions from any sudden suspicious ac¬ 
tion of the enemy aircraft, any sudden 
banking, diving or even a rapid retreat. 
Most important, gentlemen, it should 
be able to intercept radio conversations 
and understand human speech, a no 
mean feat. This calls for intelligence, 
an evolutionary leap from the common 
or garden variety of the computer to 
the robot instilled with a silicaceous 
spirit. And, as I said, war throws up so 
many unpredictables. and so many 
schemes have to be discarded along the 
way. It's all a big chess game. With 


every move your opponent makes, you 
will have to reconsider all your plans, 
even discard them altogether, and de¬ 
cide on fresh ones. 

“We cannot predict all the situations 
the missile may encounter, and hence 
cannot program its computer to tackle 
them all. Most of the time, it will have 
to make decisions on its own”. 

The spokesman paused to fan him¬ 
self agitatedly... He took another sip of 
water and said: “Let's consider a mis¬ 
sile flying towards a target in enemy 
territory, say. an industrial plant. On 
the way, suppose it spots a nuclear 
missile being deployed for use against 
us. Our missile must be in a position to 
judge whether this enemy missile poses 
a greater threat to our country than its 
originally planned target. 

'Consider, too, a missile launched in 
order to hit a military establishment. 
The establishment has been shifted to a 
new location without our knowledge. 
The missile must see through the 
deception and search for the true 
location. Now gentlemen you will all 
agree that all this requires intelligence 
and judgement, the most human of 
characteristics. That is where the robot 
brain comes in” he concluded, “to 
combine human intelligence, judge¬ 
ment and ability to improvise with the 
speed and precision of a computer.” 

“Yes?” he looked towards a bespecta¬ 
cled man who had raised his hand. 
“You said something about the robot’s 
ability to understand human speech. 
Could you elaborate on that?” 

“Well,” the spokesman faltered, 
"that’s really the province of the 
phoneticians. I’ve just a rough idea 
about It myself. Ah. but that reminds 
me of something very interesting. 
When our scientists created this brain, 
they ran into a problem. It was so very 
human they realised the robot would 
have to be MonvATti) to perform its job. 
In the absence of motivation, it would 
perhaps be careless about secrecy, and 
it might not care whether it was 
detected or not. A disinterested worker 
is never a very good worker.” There was 
a titter of laughter at this. 

“Well,’ the spokesman said with a 
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He'd be inclined to go in for a pre-emptive 
strike at the Soviets... 


trace of embarrassment, “the robot had 
to be talked to. The robot hadto receive 
a political education." Eyebrows shot 
up at this. 

“We had to feed the robot informa¬ 
tion on Communism and its pervasive 
evils, the sanctity of human rights, and 
the way the Communist Governments 
are oppressing their subjects." “That 
was enough," he went on, “the robot 
began to hate Communism, and its 
idealistic mind was motivated to des¬ 
troy it. So you see, once launched, the 
missile will fly forth with a purpose. It 
will actively and intelligently* avoid 
obstacles, and ultimately destrc^ its 
target, knowing that by this act, it is 
contributing to the destruction of an 
evil ideology and the preservation of 
peace and righteousness.” He paused 
for questions. 

The bespectacled man asked again, 
“Does the robot realise the consequ¬ 
ences of detonation? Does it realise the 
loss of human life it entails?” The 
spokesman looked embarrassed again! 
“Well," he said at last, “the robot was 
merely told that detonation was an act 
of self-destruction which would contri¬ 
bute to the destruction of Com¬ 
munism." 

The Chicago Tribune man inter¬ 
rupted, “Prom what you say, the robot 
seems to decide its ideological leanings 
based on ethical considerations. How 
does it view the concept of self- 
destruction?" 

“It was simple," said the spokesman, 
“it was told that self-destruction for a 
higher cause was morally justified." 

"All right,” said the reporter, “but 
ycu said the robot was intelligent. 
Didn’t it occur to il to question how its 
self-destruction could destroy an 
ideology?" 

The spokesman was very embarras¬ 
sed now. “1 think it was like this," he 
stammered, “the robot, for all its 
intelligence, is very childlike and trust¬ 
ing. It has the brain of a new-born 
baby It believes what it is told, without 
questioning anything.” 

“So it accepted your argument along 
with all its ambiguities?” the reporter 
persisted. 


“Yes.” 

“And it does not realise that it will 
destn^ humans by its detonation?” 

“No.” 

The reporter had no more questions, 
but the spokesman noted that he was 
far from satisfied. 

“Will the missile be used for a 
nuclear first-strike?” the New York 
Times man asked. 

The spokesman laughed apologetic¬ 
ally. “In accordance with our policy 
which has remained unchanged since 
the cold war days,” he repeated parrot¬ 


like, “the missle is to be used only in 
retaliation against a Soviet missile 
attack. However, if our intelligence 
sources reveal that a Soviet attack is 
imminent, we will be forced to use the 
missile in a first-strike to protect our 
existence.” 

The conference dispersed in a flurry 
of papers and a babble of conversation. 
The spokesman of the White House 
wiped his forehead with his handker¬ 
chief. He heaved a sigh of relief, 
cautiously. 

T he Chicago Tribune man felt a 
gentle tap on his shoulder as the 
reporters were trocoing out of the hall. 
A grinning, freckled young reporter 
joined him. “Nice job you did back 
there,” he said, jerking his thumb 
backwards, "put that fellow in quite a 
fix.” 

The Tribune man smiled politely but 
said nothing. 

“I’m AI Harris of The Daily Sun.” 
said the other. 


“The name’s Lewis, Jeremy Lewis,” 
said the Tribune man, "ChkagQ Tri¬ 
bune. How dVou do?” 

They made their way to a cafe on the 
sidewalk. Harris pulled up chairs and 
ordered a couple of coffees. 

“Well,” he began, “d’you think the 
President is going to retain this missije 
just for a retaliatory strike, as he 
claims?” 

Lewis shrugged, “I’m not sure. From 
what I know of President Thornell, he’d 
be inclined to go in for a pre-emptive 
strike at the Soviets.” 


Harris nodded vigorously, “Yeah! 
And I’ll tell you why. It isn’t just to 
avenge the defeat of our troops in Saudi 
Arabia. We’d alwrys known the Soviets 
would thrust into West Asia someday 
and we were prepared for it. Too bad 
that the war showed up the inferiority 
of our conventional forces. But Thor¬ 
nell won’t strike just to avenge our 
defeat there.” 

“I know,” said Lewis, “his son was 
killed in the war.” 

Harris nodded again, “Andrew ’Thor¬ 
nell. He was a lieutenant, wasn’t he?” 
’They were both silent for a while, then 
Harris said, ‘"There’s another reason 
why Thornell would like to finish off 
the Soviets. People have lived with the 
arms race for more than half-a- 
century, and they’re fed up. The US has 
to spend billions of dollars on arms 
every year just because of the Soviets. If 
they could be written off as a force, 
Thornell would be able to cut his 
defence budget considerably and spend 
more on domestic issues. 
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“He could bring down prices, cut 
taxes, improve living standards, oh, a 
lot of things that appeal to the voting 
public. He’d be the first President in 
decades to win a second term. It’s too 
good an opportunity for him to pass up. 
He could pretend later on that 
thek^iets had attacked first. There are 
ma^ people who are willing to give 
out false alarms, especially after our 
Saudi Arabia fiasco. If this missile is as 
good as it is shown to be, we could hit 
and not get hit in turn.” 

“Yes,” Lewis nodded slowly, “The 
main danger of a retaliatory strike from 
the Soviets comes from ^eir nuclear 
submarines. But the missile has the 
capability to break down and destroy 
even submarines with the help of 
conventional warheads.” 

“That capability existed even with 
%e previous Cyclops,” Harris pointed 
m, “and what its daddy could do, 
Cyclops II can do better, I guess.” 

“I only hope.” said Lewis slowly, 
“that President Thornell doesn’t do 
anything rash. 1 wouldn’t want this to 
backfire on us in any way. Remember 
the saying “He who lives by the sword 
shall die by the sword’?” 

Harris laughed. “Don’t worry,” he 
said optimistically, “that missile is the 
most powerful weapon in the world 
today. No plane or missile can catch it 
or destroy it. Don’t worry, chum, it'll 
till turn out okay.” 

“Perhaps,” said Lewis, but he was 
still uneasy. 

P RESIDENT Ernest Thornell hesi¬ 
tated a fiill moment before picking 
up the receiver of the special phone and 
pressing the button. 

"Hello, Andrew!” he said. 

“Hello, Mr. President,” came the 
metallic voice. 

"Ah... how do you feel?” asked the 
President. 

"Well, fine.” the voice returned. 
“How do you feel about...” 

My imminent self-destruction?” 
asked the robot, “I don’t mind at all.” 
'^''Tt is necessary to die, sometimes, 
for the sake of lof^ ideals.” Thornell 
paused, “My son, too, died for those 



ideals,” he said, “you, too. are like my 
son. That’s why I’ve named you after 
him.” He picked his words carefully, 
“As we have often told you, great 
damage is being done to freedom and 
human rights by the Communist Gov¬ 
ernment of the USSR. Only by the 
sacrifice of great souls can the world be 
made safe for democracy. 'The United 
States has always upheld the sanctity of 
life, the importance of human rights, 
the freedom of speech, of the Press, and 
all the fundamental rights of indi¬ 
viduals.” 

“I know,” came the voice sadly, “I 
almost don’t want to go. I’ll be home¬ 
sick when I leave this wonderful 
country.” 

"You've understood whatever we've 
told you, haven’t you?” asked the 
President quickly. 

“A few doubts remain,” said the 
robot frankly. “Ethical questions take 
time to resolve, even for a robot. But 1 
have made up my mind that I will die 
for this dear country and all it stands 
for.” 

“So you are ready?” asked Thornell. 

“Absolutely! We all are, my brothers 
and I. We have been assigned various 
places near which we must die: Soviet 
factories, aerodromes, submarines, yes, 
we are ready. When you tell us to leave, 
we will do so.” 

The President replaced the receiver 
with a sigh of relief. 

The monitoring room was buxzing 
with activity. The President lifted the 
microphone, “Andrew, you may now 
leave on yOur journey. Good luck and 
good hunting!” he said. 


“Thank you, Mr. President, good 
bye!” came Andrew’s voice. Then the 
voices of the other robots were heard, 
too, “Goodbye, goodbye!!” 

Missiles emerged from hundreds of 
silos across the country. 

Those with nuclear warheads 
streaked towards the USSR, across the 
Atlantic, across the Arctic, across the 
Bering strait, heading for their targets 
with wrathful determination. Those 
with conventional warheads made for 
the seas, to search for submarines with 
their uncanny sensory abilities. 

“It will all be over within 6 minutes,” 
said a technician to the President. 
Immediately the loudspeaker crackled 
to life. “Mr. President,” came Andrew’s 
voice, “this is the last time I can speak 
to you. I wish to tell you that we are 
gladly going to our deaths for the sake 
of the country and people you repre¬ 
sent. It will be my pleasure to contri¬ 
bute to the destruction of the evil 
ideology which has brought so much 
misery to humanity.” 

There was tense silence for a few 
moments, then Andrew’s voice came 
again, “Mr. President, we have been 
conversing, my brothers and I, about 
this journey of ours. We are all willing 
to die for the cause of freedom, but we 
ask ourselves why must it be in the 
USSR. You yourself told me what a 
horrible place it was. It is tfELL, and I 
hate it. You say you consider me your 
son, Mr. President, I can understand 
you ordering me to die for this cause, 
but... father!, why do you wish to send 
me away from you! i will not go to 

THAT HELD I CANNOT) ’ 

“Andrew, what are you saying?” The 
President yelled. “Go boy! Go!” Cold 
swear had broken out on his forehead. 
“I’m coming back, we’re all coming 
back,” said Andrew, "didn’t you your¬ 
self say self sacrifice for lofty ideals is 
the greatest thing on earth... Well, we 
are willing to die, in our country in our 
native land, by your side, father... ” □ 


Mr. Prasad is studying doiltngmtermg at liT, 
Madras, this is his drst-auer story to be pub¬ 
lished 
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I N Greek mythology it is said that 
once King Tantalus invited the 
gods to a feast. To please them the 
king IS said to have offered the flesh 
of his own son. Enraged at this wanton¬ 
ness the gods doomed Tantalus to 
perpetual torment by thirst, hunger 
and fear. Ever since, Tantalus is stand¬ 
ing in the lower World, up to his chin in 
water, below the branches of a tree 
bearing ripe fruits. Whei\ he attempts 
to quench his thirst, the water flows 
away from his lips. If he raises his hand 
to get the fruit, the wind blows away 
the branch out of his reach and added 
to this an overhanging rock threatens 
to crush him any moment. The Swed¬ 
ish chemist, Andre Ekeberg, must have 
been reminded of the agony of Tantalus 
when he made repeatedly futile 
attempts to find a solvent for an oxide 
of a new element he had discovered. 
His tortuous experience led him to 
name the element tantalum. 

Tantalum found its first commercial 
use in 1903, nearly a hundred years 
after its discovery, as a filament in 
electric lamps. But soon it was replaced 
by tungsten. Until recently the uses of 
tantalum were limited. But the situa¬ 
tion has changed with a better under¬ 
standing of the chemistry and metal¬ 
lurgy of this rare element. As a result 
tantalum has found, today, diverse 
uses. In electronics industry tantalum 
capacitors form one fourth of the total 
production of capacitors. Tantalum 
based tools are used for cutting steels 
and special alloys. In chemical industry 
tantalum assumes many forms: con¬ 
tainers for handling highly corrosive 
chemicals such as sulphuric acid, u- 
tubes. thermowells, plugs, hardware 
for vacuum furnaces, flame shields and 
so on. Since tantalum does not affect 
the human body adversely, it is found 
to be an ideal material in surgical 
implants 

The wide ranging uses of tantalum 
can be traced to its unique properties. 
It has a high melting point but is very 
ductile. It does not easily react with 
many chemicals. It is covered with a 
film of oxide which is almost impenetr¬ 
able. Tantalum and its compounds 
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seem to be poised for greater use in the 
coming years. 

Discovery and occurrence 
In 1801 Charles Hatchett in England 
isolated an insoluble and infusable 
oxide from an unnamed black mineral 
specimen brought from river Columbia 
and preserved in the British museum. 
He named the new element ‘col- 
umbium’. It was in the following year 
that Ekeberg isolated an unknown 
element and named it ‘tantalum’. Be¬ 
cause of the close similarity in the 
properties of these two elements they 
were regarded as the same for over 40 
years. In 1844, H. Rose in Germany 
made an exhaustive study of the black 
mineral (later named as ‘columbite'l 
and showed that it contained at least 
two metallic elements discovered ear¬ 
lier, m different s-'Tiples, by Hatchett 
and Ekeberg. He called one 'tantalum' 
and the other 'niobium' (Niobe was 
Tantalus' daughter and the goddess of 
grieO. It was Mariganc who developed, 
in 1966, a chemical method for separ¬ 
ating the two closely related elements 
and adopted Rose s nomenclature; 
niobium for the lighter and tantalum 
for the heaviei element. 


Pure ductile tantalum was produced 
by Von Bollton only in 1905, for the 
first time, at Siemen-Halske plant in 
Berlin. The commercial production of 
tantalum in the United States com¬ 
menced in 1922 at Fansteel Metallur¬ 
gical Corporation by C. W. Balke. 

Tantalum ranks fifty-fourth in order 
of abundance in earths' crust. It is 
always found associated with niobium. 
The most important mineral is ferrous 
manganese tantalate-columbate, (Fe* 
Mn) (Ta, Nb )2 Oe. If the mineral has 
more of tantalum pentoxide (Ta 2 Os) 
than niobium pentoxide, it is called 
tantalite; if the reverse is true then it is 
called columbite. These minerals are 
usually found in pegmatite dikes in 
quantities which seldom exceed a few 
pounds per ton. Tantalum is also pre¬ 
sent in other minerals such as pyroch- 
lore, fergusonite, samarskite and euxe- 
nite. These minerals are found in 
Australia, Brazil. Congo and Mozambi¬ 
que. Tin mineral. Cassierite, is one 
important source of columbite- 
tantalite from Congo and Malaya. 

In India recent efforts to find an 
indigenous source has resulted 'in 
locating a low-grade columbite- 
tantalite at Kanigiri district in Andhra 
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Pradesh, Bastar in Madhya Pradesh and 
jn some parts of Bihar. In Bastar, the 
tantalite is associated with the tin 
mineral cassiterite. Similar sources of 
niobium and tantalum have been iden¬ 
tified in Sung Valley in Meghalaya. 

The ores are concentrated by hand 
.'>eparation, washing, tabling and elec- 
ironic and electro-magnetic means. 
The tantalum concentrate reaching the 
processing plants usually has 60 per 
cent of combined acids and other 
impurities such as iron, tin, titanium 
I silicon dioxide and manganese. 

I 

i Solvent extraction of tantalum 

j The co-existence of niobium and 
I tantalum in ores and the near similar 
‘ chemica! properties of their com¬ 
pounds requires a fractional method of 
separating one from the other. There 
I are two methods for separating pure 
'Jntalum from the ores. 

Fractional crystallisation is the clas¬ 
sical method v.'hich is based on the 
differential solubility of the compounds 
K 2 TaF 7 and K 2 NbOFr, in water. This 
method has been almost completely 
superseded by the solvent extraction 
methods in the recent years. 

In solvent extraction, the ore is 
crushed into a fine powder and treated 
with concentrated hydrofluoric acid to 
bring the ore into .solution. By adjust- 
;ng the temperature and acid strength 
.\iobium and tantalum oxides can be 
ni^de to dissolve whereas bulk of the 
impurities remain behind The liquor 
njiitaming fluorides of niobium and 
tantalum is the feed stock for the next 
slage. This solution is then brought in 
contact with a water insoluble organic 
solvent. The organic solvents usually 
' mpl^ed are methyl isobutyl ketone 
'MIPK) and tri butyl phosphate crBF). 
tantalum fluoride alone goes into 
i-rganic phase at low acidity of the feed 
'^tock while at high acidity it is niobium 
Huoride that does so. The organic layer 
I' then seperated and tantalum fluoride 
tripped from that phase with deio- 
i^ued water to obtain an extremely 
pure form of it. The pure aqueous 
soMion is treated witfi ammon>a solu¬ 
tion to get tantalum hydroxide which is 


converted to either high purity Ta 205 
or K 2 TaF 7 . 

The advantages of solvent extraction 
for the production of pure tantalum are 
many. The process is rapid, gives high 
recovery efficiencies and is easier to 
operate and control. 

Processing for the metal 

There are several methods for the 
reduction of tantalum compounds to 
metal. The processes reported to be 
in use, industrially, are electrolysis and 
reduction of pure K 2 TaF 7 and the 
reaction of tantalum oxide and tanta¬ 
lum carbide. 

Electrolysis is carried out m open 
cast iron pots which act as the cathode. 
Graphite rods suspended in the pot act 
as anodes. The eleclolyte bath has a 
solution of K 2 TaF 7 mixed with a small 
amount of Ta 205 . The cell is operated 


nntalum is highly nsisUni to corrosion 

at about 900“C when pure tantlum is 
deposited in the form of crystalline 
aggregates of small particles. In order 
to protect the product from air attack 
at the cell temperature, only 50 per 
cent of tantalum compound fed to the 
cell is reduced so that the tantalum 
metal particles are alway.s surrounded 
by K 2 TaF 7 . After cooling at room tem¬ 
perature the cake containing metal 
powder is ground into a fine powder 
and washed with water to remove 
soluble salts. The metal powder thus 
recovered is washed with strong acids 
to remove harmful impurities and fin¬ 


ally dried. Tantalum powder obtained 
by this method is usually 99.85 per 
cent pure. In a variation of this method 
electrolysis is carried out in a graphite 
pot which acts as an anode. The 
cathode is a metal rod, where tantalum 
IS deposited as dendrites. 

K 2 TaF 7 can also be reduced with a 
more reactive metal like sodium. This 
is known as metallothermic reduction: 

K 2 TaF 7 4- 5Na Ta + 2KF -f 5NaF 

This IS carried out in steel bombs 
loaded with the two reactants. When 
the bomb 1 $ heated externally, an 
exothermal reaction proceeds vigor¬ 
ously. This method requires special 
precaution for safety reasons. After the 
reaction the bomb is cooled, the reco¬ 
vered material treated with methanol 
and water to remove excess sodium and 
other soluble salts. The tantalum pow¬ 
der recovered is washed with acid and 


dried. The method yields very pure 
metal powder. 

A process developed by Balke is based 
on the reaction of stoichionielric quan¬ 
tities of pure tantalum carbide and 
oxide 

5TaC + Ta 20 r, — 7Ta + SCO 
The ground carbide is mixed with a 
requisite amount of oxide. This mix¬ 
ture IS made into pellets and fed into a 
vaccum induction furnace where the 
reduction takes place. F^ellets or round¬ 
els of the porous metal are formed as 
the end product. This is a high temper- 

Continued on p. 55 
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Only Forharfs has 

an exclusive astringent that strengthens gums* 
And teeth last longer, when your 
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Tl Dr. R. J. Forhan, an eminent American 
dentist put an exclusive astringent 
^ into his toothpaste 

1. An ingredient that acts directly on 
_ the gums, and actually tightens them 

2. Making them strong, and giving 
them a better grip on your teeth 

3. Thus giving teeth a firmer Foundation, 
and a longer life. 
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ature process since both the formation 
of carbide and the reduction reaction 
occurs at about 2000T. 

From powder to solid block 

The metal powder obtained by the 
reduction processes can be used direct¬ 
ly^ some applications. For most other 
purposes the powder has to be further 
purified and rendered into a solid form. 

It is known that very small amounts of 
oxygen and other impurities greatly 
affect the properties of tantalum. 

Because of its high melting point 
(2996'’C) the powder cannot be easily 
melted and solidified. Therefore special 
techniques are used to convert the 
powder into a massive form. The 
methods generally used are sintering, 
arc melting and electron beam 
melting. 

) Sintering: This process consolidates 
and purifies the metal powder at tem¬ 
peratures well below its melting point. 
Pressed powder bars are sintered for 
several hours at temperatures ranging 
from 2000 to 2400"C in good vacuum. 
Heating i.s generally done by induction. 
Sintering in vacuum removes high 
vapour pressure impurities like salts 
and oxides, and low-melting metals; 
carbon and oxygen contents are re¬ 
duced through the loss of carbon 
monoxide. Metal obtained by this 
method is found suitable for the form- 

^jng of thin sheets and for drawing into 
fine wires. 

Arc melting: Arc melting technique, 
widely used in the production of large. 
ingots of refractory metals like tita¬ 
nium and zirconium is applied also to 
tantalum. Ingots of tantalum as large 
as 20 to 30 cm in diameter can be made 
by arc-melting process. In the arc 
furnace a heavy direct current arc is 
drawn between a sintered tantalum 
bar, which is a consumable electrode, 
and a pad of tantalum metal on the 
bottom of a water cooled mould. The 
heat of the arc melts the metal and the 
molten metal drops into the cooled 
mould below. A vacuum of the order of 
tO~‘mm Hg is maintained throughout 
the entire process. During arc-melting 
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the metal is further purified and melt¬ 
ing rates of several pounds per hour are 
normal. 

Electron beam melting: This is the 
latest and the most sophisticated 
method for consolidation and purifica¬ 
tion of tantalum metal. In this process 
a beam of high energy electrons is 
focussed by an electromagnetic field 
onto the end of a pre-sintered or 
pressed tantalum bar. This vacuum 
melting process effectively removes the 
gaseous and more volatile impurities 
contained in the tantalum bar. The 
vacuum is of the order of 10 ^mm Hg. 
If further purification is required the 
ingot is remelted in the same furnace. 

The metal obtained from this 
method has the highest purity, excel¬ 
lent ductility and good weldability. 
This forms the capacitor grade tanta¬ 
lum. Industrially, beam melting has a 
rate of about 200 pounds per hour. 

Chemical properties and compounds 

The presence of naturally occurring 
oxide film on the surface of tantalum 
makes it inert towards'most acids and 
other reactive chemicals below about 
150T. Substances capable of des¬ 
troying this oxide film react with the 
element. The metal is inert to hydroch¬ 
loric, sulphuric and nitric acids, orga¬ 
nic chemicals and several liquid met¬ 
als. It IS slowly attacked by strong 
alkalies, more readily by fuming sul¬ 
phuric acid and rapidly by hydrofluoric 
acid. 

Tantalum reacts with oxygen or air 
to form Ta 205 , the reaction begins at 





Tuilaiuitt wet-ehctrofyte CMpeeUor 

260"C and becomes vigrous at about 
800"C. The element reacts with hyd¬ 
rogen above 250T to form a hydride. 
All halogens react with tantalum metal 
to form halides. Carbon and boron 
react directly to form tantalum carbide, 
TaC and tantalum boride, TaB 2 . 

Tantalum pentoxide is the most im¬ 
portant compound of tantalum. It is a 
white powder insoluble in most of the 
acids and alkalies. Tantalic acid is the 
hydrated form of tantalum oxide. Tan¬ 
talic acid forms complexes with several 
organic polybasic acids which find use 
in analytical chemi.stry. Tantalic acid 
also forms a series of tantalates. 

All pentahalides (TaCIsTaBrr, etc) are 
covalent and have low melting and 
boiling points. They also readily hyd¬ 
rolyse when placed in water. The lower 
valent halides (Ta X 3 , Ta X 4 ) can be 
prepared by a reduction of pentavalent 
halides with the metal or aluminium at 
moderate temperatures. 

The organo-metallic chemistry nf 
tantalum is not well developed; howev¬ 
er, mixed complexes of cyclopenta- 
dienyl and carbon monoxide are 
known. Tantalum hydride, boride and 
nitride are some of the well characte¬ 
rized and thoroughly studied com 
pounds of this metal. 

Uses 

In the recent years tantalum has 
gained considerable importance in sev¬ 
eral industries: electronics: high tem¬ 
perature fabrication, chemical and sur¬ 
gical to name a few. 

Continued on p, 57 
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C ontinued from p. 55 

At present the largest use of tanta¬ 
lum IS in electrolytic capacitors. It is 
ideally suited in these capacitors as 
anode because of the inertness and 
^lability of its electrolytic oxide film. 
T.mtalum capacitor is the standard for 
r^nblc performance. Among the thren 
hl'ts of construction namely, foil, 
porous wet anode in aqueous electro¬ 
lyte and porous anode dry-electrolyte, 
the last one commonly known as solid 
electrolyte capacitor (the solid electro¬ 
lyte being manganese dioxide) ha.s the 
highest capacitance per unit volume. It 
operates well in a wide range of tem¬ 
peratures. has excellent leakage prop¬ 
erties, good shelf life and long reliable 
service life. The solid electrolyte capa¬ 
citors pernvt ultimate m miniaturisa¬ 
tion. More than half of tantalum pro- 
«^duced IS used If) make capacitors. 
▼ During 1981, nearly 600 tons of tanta¬ 
lum was consumed in noncommunist 
countries to make 3x10" individual 
capacitors 

Fabrication of corrosion resistant 
chemical equipment i.s the second 
largest application of tantalum. In 
addition to being inert to non-alkaline 
highly corrosive media at ordinary and 
moderately high temperatures 
(-' ISOT) the metal has an extremely 
high heat transfer coefficient Since it 
re.sembles gla.ss m corrosion resistance. 
fit IS often u.sed in conjunction with 
glass, glass-lined .steel and other non- 
metallic materials of construction :n 
chemical equipment. 

Its typical uses in chemical mdusliy 
are for heal exchangers, condenser 
coils, thermometer wells, dip pipes, 
oniice.s etc. Tantalum is al.so u.sed 
extensively m the repair ol flaws and 
damage in glass lined equipment. He 
cause of its inertness, tantalum equip¬ 
ment finds extensive u.se in highly 
corrosive atmospheres such as in the 
concentration of sulphuric acid, hea¬ 
ters and coolers in chromium plating 
baths, hydrogen peroxide, and nitric 
acid heating and concentration etc. ft 
^'also used widely in the manufacture 
of fine chemicals and pharmaceuticals 
With the availability of large size thin 


Tantalum has a very high melting point 

wall metal, the use of tantalum as a 
liner for reactors, ve.ssels and lowers 
have become feasible 

Because of its high melting point, 
high temperature strength and low 
vapour pressure it finds use in vacuum 
tubes as a getter. Tantalum is still 
favoured as a high temperature heating 
element. The dielectric oxide film 
makes the metal a rectifier. This, in 
fact, was one of the earlier uses and 
many types of tantalum rectifiers are 
.still being u.sed. 

The complete inertnes.s of tantalum 
to body fluids and tissues has made it 
attracliye as an implant metal for 
human body in surgical repairs It is 
used in the form of plates and sheets in 
bone repairs, as wire for sutures, as foil 
and wire for nerve repair and as woven 
gauze for abdominal mu.scle repair 
'rantaliim metal pow’der has been used 
as a focussing aid for ifie X-ray exami 
nation of an excised brain tumor, to 
monitor its growth. The pow'der form 
has also been u.sed lor the preparation 
of bronch(;grarns of the lungs ol living 
dogs. 

In nuclear energy sy'^tem tantalum 
metal is of intere.st tor handling high 
temperature liquid metal.s such as 
.sodium in heat tran.sfer equipment and 
in containing bismuth uranium alien’s. 

Among the compounds, tantalum 
fluoride finds use as a catalyst m rubber 
industry and the carbidt is present in 
tungsten carbide cutting tools where it 
imparts shock resistance and a very low 
coefficient ot iriction. 

The Indian scene 

Wliereas tantalum finds use in vital 
non-nuclear fields, its congener, 
niobium, by virtue of its several attrac¬ 
tive metallurgical properties and also 


low neutron absorption cro.ss section 
(1.1 barns) is of great intere.st and 
importance in future nuclear industry. 

In view of this, research and develop¬ 
ment programme was started at 
Bhabha Atomic Research Centre, 
Trombay, several years ago to develop a 
proce.ss for separation, purification and 
production of lhe.se metals from in¬ 
digenous sources. As a result oi these 
efforts, a plant for the production of 
tantalum metal was set up at the 
Special Materials Plant ismh. Nuclear 
Fuel Complex of the Department of 
Atomic Energy at Hyderabad. The com¬ 
mercial .scale plant at SMP is engaged in 
the production of tantalum starting 
from Indian columbite-tantalite ore. 
The niobium and tantalum are .sepa¬ 
rated by the .solvent extraction using 
TBP diluted with per cent kero.sene. 
Tantalum recovered as KjTaF 7 is re¬ 
duced to metal bv .sodium reduction, 
which IS con,solidated by electron beam 
melting or sintering technique. 

The plant at sMi» is presently manu¬ 
facturing capacitor grade tantalum 
priwder and anodes, high purity rods, 
wire and sheets of various sizes. In 
addition, fabricated .shapes such a.s 
crucibles, boats, furnace parts, cathode 
.issembly etc are made to meet the 
present demand m the country Tanta¬ 
lum penloxidi' suitable lor carbide tool 
industry and potassium tantalum 
fluo»'ule lor use as catalyst m .synthetic 
rubber industry aie produced at the 
SMI* to meet our requirements. I'.i 

l)t Mvuk! jfuth (I lihxihhti Ainrnn Nrwanh (t'n 
Irr tiHef i ampli tim hi\ Urn lorati^ at th<> l 'nivi»r. 
situ ot Honda and jHtst dfutoral work at the 
tnircr^Hc da ’^tuntraat rawanh interests 
mcluda davtdopmenl of hiqh puftttj materials hr 
NW in e/ectrnriK mdusini. nmanu and nrtiann 
mekillu (ompounds ofTt, \h and I'a and most 
reienth/ ut uranium 


SCIENCE TODAY. AUGUST J984 57 



hepatitis: 

THE YELLOW MEHACE 

Girish N. Vyas Hubert E. Blum 


H epatitis is caused by various 
drugs, toxins, inherited meta¬ 
bolic disorders and microbial 
agents that parasitise in the 
liver. Abnormal liver function tests, 
especially alanine aminotransferase 
(alt or SCPI , enzymes present in the 
blood serum) elevations, are the prin¬ 
cipal indicators of liver disease. Thus, 
primary infection of the liver caused by 
the hepatitis A virus (tiAV) and the 
hepatitis B virus (HBV) is recognised by 
sensitive and specific testing of the 
blood serum (serology). ALT elevation 
with absence of hav and HBV in serum 
and exclusion of nonviral causes of 
liver injury, e.g. drugs or alcohol lead 
to recognition of hepatitis due to the 
non-A, non-B agents. Specific serologic 
assays for the agents causing non-A, 
non-B (NANB) hepatitis are unavailable 
at present, yet clinical evidence for 
more than one transmissible agent 
causing nanb hepatitis has been estab¬ 
lished by serial transmission in man 
and chimpanzees. Besides these three 
types of viral hepatitis, hepatitis also 
occurs as part of a more generalised 
illness secondary to infection by viruses 
such as cytomegalovirus, epstein-bar 
virus, herpes simplex virus, varicella 
zoster virus, coxsackie virus, rubella 
virus, etc. 

The contagiou.s nature of agents 
involved in epidemics of jaundice has 
been recognised from ancient times. 
The term viral hepatitis type A or 
simply hepatitis A (IIA) is synonymous 
with the diseases described os infec¬ 
tious hepatitis, acute catarrhal jaun¬ 
dice or epidemic jaundice. Infection 
caused by iiav has worldwide distribu¬ 
tion and occurs commonly in children 
and young adults in poor hygienic 
conditions 

Viral hepatitis type B or hepatitis B 
HB) commonly called .serum hepatitis is 
synonymous with transfusion laundice, 
syringe jaundice or post-vaccinal jaun¬ 
dice. Several historic outbreaks, occur¬ 
ring during mass vaccinations, in 
venereal disease clinics, in dial^tes 
clinics and in patients transfused with 
pooled plasma, are attributable to con¬ 
tamination with HBV. The current 
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epidemic of jaundice in Gm'arat, espe¬ 
cially in Ahmedabad is due to HBV. 

Clinical signs and symptoms 

Hepatitis virus infections are asymp¬ 
tomatic in a vast majority of patients, 
especially in children. One cannot rec¬ 
ognise them unless they occur as a part 
of an outbreak of icteric Oaundice) 
cases and they may be detected only 
when ALT levels are elevated. Infections 
also occur in both HA and HB without 
any laboratory evidence of liver inflam¬ 
mation. 

Symptoms in the early phase of 
jaundice are often mild and may be 
only non-specific manifestations of 
generalised viral infections such as 
low-grade fever (usually less than 
SS’C), malaise, fatigue, anorexia, 
nausea and vomiting. A frequent first 
symptom is a type of (urticarial) skin 
rash. Infantile papular acrodermatitis, 
a fine erythematous papular rash found 
primarily on the head, neck, arms and 
legs, has also been described among 
infants with hbv infection. Unusual 


manifestations of infections are 
glomerulonephritis and polyarteritis, 
both considered secondary to immune- 
complex formation. 

Jaundice will be apparent in more 
severe hepatitis, usually first noted as 
scleral icterus in which the whites of 
the eyes turn yellow. This happeijs 
when serum bilirubin levels reach 2.5 
to 3.5mg/100 ml, urine becomes dark 
brown in colour due to the excess 
excretion of bilirubin. Decreased bile 
excretion is manifested by pale, some¬ 
times fatty stools. 

Although extremely rare in infants 
and children, severe (fulminant) hepa¬ 
titis with coma can develop in young 
adults. Impending coma should be 
suspected when changes in level of 
consciousness, drowsiness or irritabil¬ 
ity occur. 

Pathogenesis 

Current evidence suggests that 
neither hav nor HBV cause abnormali¬ 
ties within cells that is they are not 
directly cytopathic. Entry of the virus 
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ntoefbiiinibineseretion isnotpropor- 
ttonal to the nte of production, it 
accumulates in toe mum thereliV ttain- 
ing tienies giving rite to vbible symp* 
toms of jaund^. 

dinicaily, tliere are three type* of 
jaundice^re>hepatlc (haemolytic), 
post'hepatic (obstructive) and hepatic 
(hepatoiwilular). All these types are con¬ 
cerned with the production and excre¬ 
tion of bilirubin. 

In pre-hepatic Jaundice the produc¬ 
tion rate of bilirubin is very high but the 
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pQlt^iip^^or obstrudSve jaundicti,, 
Normaib^ .1^ flows from (he gall blatf*< 
der into (he diiMidei^'tt^^ the bile' 
duct. The obeCructkm may occur either 
due to a tumour of iMcrtas wMch 
compresses the fiassage of the hOfavy 
tract (bile duct) or due to the pMonct ^' 
a stone in the bile duct* This impedes 
the normal flow of bih. In serious 
situations, bile 'back flows' into the 
circulation and excess bile pigment in 
the serum produces the signs of Jaurii* 
dice. 

The third type—hepatic jaundice il * 
caused by bacteria, viruses, protoaoe or 
toxic action of drugs such as alcoholt 
chloroform etc. All these cause inflam*, 
matfon and damage the liver cells lead*, 
ing to diminished liver function and 
decreased excretion of bilirubin. 

Parul R. Shfth 




into the liver cells or hepatocytes 
appears to be dictated by receptors 
specific for the viral coat. The immune 
response to liver-specific proteins, 
polymerised serum albumin or to viral 
antigens on the cell surface presumably 
causes the damage to liver cells. In 
viUo assays of cell-mediated immunity 
tojk^tigenic components of HBV suggest 
that the cellular immune responses 
(SCIENCE TODAY. May 1980, p. 50) 
may contribute to pathogenesis of liver 
disease. However, the precise immuno¬ 
logical mechanisms of liver injury in 
viral hepatitis are not defined adequate¬ 
ly; indeed, they remain largely specula¬ 
tive and controversial. In contrast, the 
manifestations of hepatitis B occurring 
outside the liver such as urticaria, 
glomerulonephritis and polyarteritis 
are clearly attributable to immune- 
^complex phenomena. 

Markers of infection 

Early studies with human volunteers 
established the existence of two unre¬ 
lated viral hepatitis agents, iiAV (rna 
virus) and hbv (dna virus). Subsequent 
transmission of HAV to marmoset 
monkeys and of hbv to chimpanzees 
provided the experimental models for 
infection. Through biochemical, elec- 
tronmicroscopic and serologic studies 
a detailed characterisation of both hav 
and HBV has been achieved. The agents 
^of non-A, non-B hepatitis remain unde¬ 
nned except for the successful and 
serial transmission of non-A, non-B 
hepatitis from man to chimpanzees and 
from chimpanzees to chimpanzees. A* 
variety of immunological assays are 
available for specific markers of hepati¬ 
tis A and B viruses, Detection of 
hepatitis B antigen on the viral surface 
frfBsAg) in the serum is the principal 
diagnostic test. for HBV infection. 
Hemagglutination assays (HA) are rela¬ 
tively simple and inexpensive. In these, 
the presence of HBsAg in serum is 
detected by the ability of the serum to 
agglutinate sheep red blood cells co¬ 
ated with the corresponding antibody, 
^t these are marginally less sensitive 
than the enzyme-linked immunosor¬ 
bent antibody (ELISA) techniques and 


radioimmunoassays (RIA). The ELISA or 
RlA procedures are most commonly 
used in the USA, while HA is commonly 
used in England and Japan. 

Hepatitis A virus infection 

The HAV IS a typical enterovirus 
(virus which thrives in the gastrointes¬ 
tinal tract). Preceding clinical onset, a 
large amount of hav is excreted in the 
stool (Fig. 1). Thi.s type of hepatitis is 
common in early childhood, especially 
in tropical countries where personal 
and public hygiene is conducive to its 
spread, predominantly through con¬ 
taminated water, food and utensils. 
Fortunately, hav infection has no chro¬ 
nic sequelae and it confers lifelong 
immunity. Acute onset of clinical 
symptoms is followed by iaundice l.ist 
ing for two to three weeks. Loss of 
appetite, deep vcilow urine, rash and 
flu-like .symptoms are common, l-abor- 
atory te.st for igM antibodies (a class of 
immunoglobulii. pus.ses$ing antibody 
activity) to hav establishes the diagno¬ 
sis in acute phase; later the anti-t^v is 
of igM class and indicative of immunity. 
Epidemics of hepatitis reported from 
Kashmir appear to be like hav in its 
pattern but it has been serologically 


classified as another nanb hepatitis 
without chronic sequelae. 

Hepatitis B virus infection 

The 1963 discovery of Australia anti¬ 
gen by Baruch Blumbcrg. the Nobel 
laureate from the University of Penn¬ 
sylvania. opened an exciting chapter in 
the history of medicine. The antigen is 
now established as hepalilis B .surface 
antigen (HBsAs) who.se immunochemic¬ 
al structure has been a subject of 
research interest since 1969 The high 
level of the nucleic acid-free envelope 
protein occuiring as 22nm (10 *m) 
particles in the plasma of infected 
individuals permits serological detec¬ 
tion of HiisAf*. Such individuals are 
called chinnic carriers (estimated to be 
200 million in the world). Serum MBsAx 
15 an indicator of hbv infectivity 
However, sera and blood products can 
be infectious despite being hbsax nega¬ 
tive by radioimmunoassay as evidenced 
by the five to ten per cent incidence of 
HBV infection in post-transfusion hepa¬ 
titis. Furthermore, hb.s.^r positive, 
iiBeAft-positive (an antigen accompa¬ 
nied by HiLsAg which is an early indica¬ 
tor of acute active infection) specimens 
are over 30,000 times more infectious 
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than llBSAg positive, HHeAg nejjativi- 
sera, that is iiBcAg indicates hi*?h ndec 
tivity. 

The HHV inlcLtinn is .1 riMjor public 
health prohlrm biwuise i( causes a 
spectrum ul jcuU* and chrome liver 
disease aim iiuludin^ liver cancer or 
hepahKclIular tan inoma (MCO In fact 
90 to 95 per cent ol adults infected by 
HHV become immune but live to ten per 
cent become chronic carriers The 
course ol acute MI3\’ infection and its 
chronic sequelae are diagramatically 
presented in Kig 2 Acute HHV infection 
during pregnancy transmits IIBV infec¬ 
tion Irorn mother to babies. The risk of 
perinatal transmission of HHV to a baby 
is 95 per cent when the mother is HBeAg 
positive carrier of liBsAg Such babies 
almost always become long term car¬ 
riers and are at a risk of developing CLD 
and iKc 

Chronic IIBV infection 

The natural historj' ot hepatitis U is 
varied and complex. Three forms of HBV 
infections are encountered in clinical 
practice, acute hepatitis R, inapparent 
sporadic epi.sodes of unknown origin, 
and the apparently healthv chronic 
carriers detected by the screening ol 
lihsA)’ Perinatal transmission ot HHV 
infection, especially from the HBeAg- 
posilive mother to ncwhttrn. lead.s to 
indelinite persistence ol the infection 
in about H5 to 95 pei cent ol the 
inlanls. in contra.st. or»ly ten percent of 
the individuals with primarv’ mlection 
later in life remain persistently in 
feclul Immune toniplexes c(»iilainmg 
llicsAg and igM persisting m about seven 
pel cent of the patients with acute 
hepatitis H has been reported to be a 
predictol chnniuitv. 

Clnonn IIK\ mlection is cliaracle 
used bv high levels (>f HHs\g. HHe\g 
anti-iiiK hiiUihods to hepatitis B coie 
antigen) n\\ polymerase and van*iiig 
elevations (»( ,\i 1 lelleLlmg active virus 
replication and live: disea.se activity 
Seroconversion from iiheAg to anti HHi 
in chronic can icis is often preceded by 
acute exacerbation of chronic hepatitis 
Thus, chronic carriers of Hn\ do not 
present as tw'o sepaiale fornv—disease 
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Fig. 2 Different outcomes of infection 


and "healthy*’ carrier state: rather, 
there are two stages of chronic HBV 
infection: 1. An early phase of one to 20 
years during which hepatitis disease 
activity may be present with iiBeAg in 
the .serum, and 2. A later stage when 
necroinflammatory activity ceases and 
seroconversion to anti-HBe occurs. 

The so-called “healthy" carriers are 
most frequently detected by screening 
blood donors and health care workers 
for tiBsAg. The natural history of liver 
disease in asymptomatic carriers has 
been investigated m several studies. 
Despite qualitative and quantitative dif¬ 
ferences. these studies have revealed 
subclinical forms of liver disease with 
abnormal liver function tests, HBeAg 
and a spectrum of tissue (histologic) 
abnormalities. More males than 
females, more young adults than older 
people, and more Orientals than 
Caucasians have chronic carrier state 
without apparent liver disease. Among 
chronic carriers a .seroconversion from 
HBeAg to anti HHe occurs progre.ssively 
with age. 

A spontaneous clearance of iiBsAg 
has been noted annually in about one 
to two per cent of the chronic carriers 
Because the carriers have a greater 
susceptibility to the hepatotoxic cflecl 
of alcohol and the evidence of high HHV 
infection rate is recorded in alcoholic 
cirrhosis and HCT. it may be advisable 
for chronic carriers to abstain from 
consumption of al* ohr)L Chronic IIHV 
infection appears to be a dominant 
cau.se of Cl I). cla.ssitied as a variety of 
distinct di.scase states a.s.sociated with 
characteri.^tic histologic expression, 
e.g.. degrees of portal inflammition, 
chronic persistent hepatitis, clironic 
active hepilitis with/without cirrhosis, 
tatty liver with large cytoplasmic fat 
globules The natural cour.se of HRsAg¬ 


positive chronic active hepatitis is 
progressive with frequent evolution to 
cirrhosis, HCC and death due to liver 
failure or bleeding oesophageal varices. 
Use of corticosteroids certainly has no 
value in the treatment of iiBV-related 
chronic active hepatitis: in contrast, 
autoimmune hepatitis may respond 
favourably to steroid therapy. 

Delta agent In chronic HBV infection 

The studies by Rizzetto and col¬ 
leagues have established the clinical 
importance of the delta agent which 
requires HBV as a covirus. The chronic 
carriers of hbv may have a superim¬ 
posed acute delta infection which is 
generally detected by serologic test for 
anti-d'elta in the serum. The delta agent 
is a small molecular weight rna agent 
transmissible to HBV-infected humans 
and chimpanzees. It is generally unde¬ 
tectable in the serum but it is detect¬ 
able in the nuclei of hepatocytes by 
means of fluorescent anti-delta anti¬ 
bodies. When superimposed on the 
chronic carrier state, delta infection 
tends to be chronic with marked per¬ 
sistence of IgM anti-delta in the serum. 
The morbidity and mortality of delta 
infection is remarkably high. Although 
originally described m drug addicts m 
Italy, the delta infection occurs worl¬ 
dwide. Apparently the patients with 
chronic active hepatitis and chronic 
delta infection have a remarkably prog-, 
ressive course. In a recent epidemic of 
delta infection in chronic HBV carriers 
in Venezuela, an alarmingly high mor¬ 
tality rate has been noted. Although the 
drug addicts are a principal reservoir of 
delta infection, male homosexuals and 
other chronic carriers of HBV are at an 
increa.sed risk of developing delta- 
associated chronic active hepatitis. 

The current epidemic of hepatitis in 
physicians and nurses in several ho,spit- 
als of (iujarat is reportedly due to HBV 
infection Only 25 per cent of the 
infected persons have acute liver dis¬ 
ease and 1 per cent have fulminant 
hepatitis B with 80 to 90 per cent 
mortality. There is no treatment for 
hepatitis B but it can be prevented by 
HHsAg vaccine. 
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A special article on hepatitis scourge in 
Gujarat by an internationally renowned 
scientist 


'■v.v-Vv. 
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pattioteiM. Thi4iiN4|)^j»n9ii^not,rf^ 
1wt;«f;<ino4tlM 

sul)itUMK«#:i)aredMm^ . 

tw^dsrVtUPhM iiidtecited.* the tMnelMi' ' 
wforlof ty..>(faiiuia^ 8ie ducMe witih’ 
otat effects. Jt elerti (he bmib' to 
diefeml Kself Iv tfeneratihc an iminuiie 
raponse 'leading to the fennadMi of . 
entilNRi^.to thk Vaccine. Tboe enti- 
bo^ ere capaUe of'fighting itgalrat the 
pdgidgem.' 

It was a difficult task to develop a 
vaccine agaihst hepatitis B. In Bte Vb^' 
Ationof any vaccine, vast quantities of 
.pathogens are required; Other' 
pathogens which cause diseases like 
polio or measles can be grown in 
cultures albeit with some difficulties. 
Therefore, the blood from a hepatitis- 
carrier had to be collected. The serum 
cmitaining the viruses was boiled or 
chenUcally .treated to inactivate the 
viruses. I^nn after inactivation the virus 
still retained the antigenic properly to 
Stimulate antibodies production against 
ttself in a patient suffering iraih heptti- 
tis B. This was (he beginning of (he. 
wander vaccine for ubv. The groundwork 
for active immunisation against hepati¬ 
tis B was laid by Krugman and his 



.iJlnfiiBi'MRS.IdMi* 

.■ pOB WiRtiltiaittlpd the dlness.ln'mDst' 
' " ijfojsilwwmsabseqiicntihrdi^ 
'ntWiiW. ■ 

^rasaardt teams tiien.tried to 
filiiPRMfe uj|nn this method. Utliwemri- 
(ligitieiR (hifgi-ipead spinning) of the 
itmtm.resutted In the highest iffekl and 
^ parestTpodud.- Further, to elimip- 
‘‘ate any msidi^ live hbv. inactlmtiim 
Wto'iteK u^ formalin. 'SubsequCBliiy. 
the aentiri vfee.tfcatKd a Vrfeii of 
oiiAiditol'ooin^ods kneton to kiaeU- 
' vatiaa variety ofvinisas afliKtlni^hMinan 
(Minis and also to atimltitto ae^dual' 
traces of senmi proteins^ 

. Onm the nay vSdchiiei'wefR imd|y> 
ihof were toffed f» sagaty and im> 
muiiogeiwdhr in ettirnparSMes. vac¬ 
cine stilt nquirad. minor, modifications. 
Phudly, Wedf Snrnpllcss, a cUnidan at 
the New Ydrk nob^'. Oedfer. USA, .and 
hfo qo^ihcM canm. ditt' the first 
dhtlcal' trial of ah 'iuv vacciiK in hu- 
nauB, This was published |n a report in 
The New fSngllaiid Jaamif ef MetUdne, 
(BOB, IS). 

During the dinicat trials^ out of 1,083 
people who received ttie first injection, 
1,040 (96B per cent) showed iqr for the 
second shot What no one had antid- 
pated was Just how well the vaccine 
would perform. The efficacy of the 
vaixine protecting the people against 
infection was 8t per cent and the 
vaccine was 92.3 per cent effective in 
protecting high-risk individuals. No cli¬ 
nical trial had ever before achieved such 
remarkable results. Moreover, the 


adveihe afl^ (sfmHm in 1S.S per 
enttuf *iddsds ttadJoW-grkde fever 
iii per cMvti'Wtra nagf|i^,^cspe- 
daJly u compared, to the 27 per-p^ 
tnddance of HBV Infectiom to immc^ 
atad controls. , 

The- vaccine’s efficacy was .obv^ 
wititin'the.tint Id vreeksi SBmaiisiMV'<i 
study also showed that tiM bliihiinM-,'Ii^ 
response genented agdnst.HgfdediOied y 
after nine months to itotoients.:ef .tiW’. . < 
vaccine. However, it was totrlgidRg',^'’f.-| 
four per cent ti the vaedneto 
acquim immuriiiy to HBvand reffiaiped,'''!; 
asvutoetable to infection as tiMfijbcebo 
mdpienti. - ^ 

Anotiier question wWch is not'yef'.'. 
resolved is v^ether,successful tovnuit-''' 
isation with hbv vaccine of one suhiy|M 
will confor hnmunUy agatosl infedfefi'! 
vrtth HBV of other sub-types, to reiatioh ^ 
to ttiesd substypes, experiments were'* 
carriedout tojhlApsns^'On the basil 
of th^ experimaotal results-and . the ' 
observations In human brings, using ‘ 
■Hdv vaccine such cross-protection . 

' ^nst.thadiseatoUexpectea.'However, . 
vacctoa from' Mprefc Institute for Ther- 
apeutic researdt^hm proved effective. 

With the avatiaiiHity of a successtoi 
'vaedne for hepatitis B in a bold move,, 
the vmo recently armoun^ plans for an „ 
extraordinary experiment in ChnW to 
see if the hepatitis vacdne will prevent a . 
lethal form of liver cancer prevalent. ' 
there—the first test ever of a .cancer' 
vaedne. The evidence that hepatitis B 
causes liver cancer is so strmig thad 
experts predict that by preventing hepft'. 
litis, the vaccine could also prevent 
about 95 per cent of the cancer. 

P.K.B. 


l*revention of hepatitis B 

The protective effect o( anti MBs 
'i^dinsl infection by nnv has led l<i the 
use ot a vaccine consistinii of the 2L‘ nm 
particles of viral envelope protein iso¬ 
lated from the plasma of HRSAg carriers. 
A large body of data on clinical trials. 
Kfety and efficacy of the iiB.sAg vaccines 
has been published. Tn the United 
.States a safe and effective vaccine 


produced by Merck. .Sharp & Dohme 
(MSDi. Heplavax-lt, has been licen.sed 
for clinical use. .siiiiilarly, m Kurnpe 
vaccines made oy Pasteur Production 
of P'rance, as well a.*. Mso. have been 
licen.sed. Both the.se vaccines utilise 
highly purified iiRsyvg following inacti¬ 
vation with formalin and alum ns 
adjuvant (material that enhances the 
action of antigene), Tlie Central Labor¬ 


atory ot the Nettierlands Red Cto.ss 
H LKCI einploved a different process of 
jiuriticalion ol MRSAj; wiih heat ina<ti 
vation at Mil V tor RR .secoiid.s -ind tin; 
tiiia) produc I tieated at for 11 

hours. 1his v.'icciiie is al.so safe and 
etteclive ii’ the clinical trials recentiv 
repi-Tted at the wiin .Symposium m 
Athens (November l.S to IH. I982) 
Thus. M.SIJ Pa.steur and CLWC vaccines 
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homology, polypeptide similarities and 
Antigenic crossreactivity between nav 
and other distinct hepatotropic viruses 
found in the woodchucks (WHV), ground 
aguirrels (GSHY) ahd Pekin ducks rnHBV). 
these agents are termed Hepadna viruses 
(hepatotropic oka viruses). Entry of hhv 
In the human hepatocytes is apparently 
mediated by a receptor specific for the 
HBv<envelope protein. Despite the fai¬ 
lures to grow normal human hepato¬ 
cytes in culture and to propagate hbv in 
vitro, a remarkable understanding of the 
hepatocellular replication of hbv has 
been acauired indirectly. During the 
entry into the hepatocytes. the hbv ona 
must be iincoated and processed 
' through a series of replicative steps (Fig. 
, 4). it appears that hbv is a unique ona 
virus that replicate.« like the retroviral 
bmiily of rna viruses. 


Transciiplion/ 
of Slioi’H + 
DNA \ 


lA Partially Doulili' 
Stnmdod DNA 

/ 

• .Sfrciiiil 
DNA ‘Vi’ihf’*.' 


St I ant I DNA 
\ 


Rov«^rsf ** 
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Fig. 4 /I simplified model of IWV replies- 
tion. Replication of n!M takes place 
through the reverse transcriptha of an 
RM Intermediate fnefrov/nis) 


'; Unianii wt to'ttwimjtii^ 
humans and chhnptnMta. tw ilMilw' 
araSysM ofeiohad ntoafiwloiiilfqpd*' 
na .vhrwaai hmit rMMad ft fw aii tW i M t' 

ei^npte, m'OpnqngU! iHicigQC|g|wu* 
once QfHm^^obllnrgiid 
strung MpMtt vdth %:l»iifh€sl 
degree of|j^lagy In the 0U'giiood- 
ing (he dere protein/ 
epidemioleigic evidence indksifeei that 
viruses genettcaify related to Hbv; but 
antigenlcdiy distinct, may be responsi¬ 
ble for sdme dises of nanb ,post- 
transfusion hepatitis and chronic Hver 
disease. 

The restriction endonuclease analyses 
of cloned H$v dna have revealed genetic 
similarities between several of the 
Hepadna viruses. A single bcori site, 
common in various Hepadna viruses, is 
used as a reference point in the genetic 
map of HBV (Fig. 5). Complete nucleotide 
sequencing of cloned dna of hbv, dhdv 
and WHV have been performed by several 
investigators. The genes C and S encod¬ 
ing the core and the envelope proteins of 
HBV respectively have been loi^ised and 

EcoRl 

r.i g 

rk -r- 



Fig. S Genetk organlaailon of an UBv 
genome with a single Eco nr site used as 
a point of reference 

the segment encoding the major anti¬ 
genic determinants a and d/y has been 
localised in the middle of. gene S. The 
polymerase gene and an undefined gene 
X, potentially capable of coding for a 
protein, are hypothetical propositions. A 
remarkable similarity in the molecular 
biology of phylogenetically separate hhv. 
DMBV and esHv is illustrated by the 
occurrence of asymmetric replicative 
inlennediate form.s of viral DNA in 
human liver duck liver and ground 
squirrel liver, respectively. 

C-N.V. 

H.E.B. 


containing 20, 5 and 3 micrograms of 
HBsAg per dose, respectively, are highly 
immunogenic, safe and effective in 
providing sustained protection against 
a serious infection causing acute and 
chronic liver disease. Although long¬ 
term follow-up is not available, most of 
the vaccines have elicited anti-HBs re¬ 
sponse sustained for as long as three 
years. Several of the early vaccinees 
have shown protection and anti-HBs for 
more than five years. Most importantly, 
HBsAg of one sub-type used in the 
vaccine is protective against HBV infec¬ 
tion of other serotypes. 

Intramuscular injections of the vac¬ 
cine are given in three doses over a 
period of six months. Following the 
first dose, more than 50 per cent of the 
vaccinees produce .serologic evidence of 
anti-HBs response. The second dose of 
the vaccine is given one to two months 
later, and a third dose is administered 
six months after the primary immun¬ 
isation. After completion of the course 
of three doses, more than 95 per cent of 
the individuals are successfully immu¬ 
nised. The nonresponders or the 
hyporesponders may be given a second 
set of injections. At the present time 
there is no recommendation for the 
management of nunresponders. It 
must he emphasised that the inactiva¬ 
tion procedures have been shown to 
destroy infectivity of all the viruses 
tested so far, giving us a strong assur¬ 
ance that no transmissible agent poss¬ 
ibly present in human plasma could 
escape these inactivation procedures. 
Most importantly, there is no evidence 
whatsoever to suggest that the trans 
mi.s.sible agent(s) of the .so called ac¬ 
quired immune deficiency syndrome 
(AIDS) escape the inactivation proce¬ 
dures employed in producing the vac¬ 
cine. □ 
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How much do ‘eu’ know? 


GilllinValladares 

W ORDS beginning in ‘eu’ have been chosen for this month's quiz. 'Eu' is a prefix 
derived from the Greek words eus and eu meaning ''good" and "well" respectively. 
Eu is the symbol for the element Europium and e.u. is a unit in thermodynamics, for 
entropy. Eulerian and Euclidean refer to the mathematicians Euler and Euclid 
respectively. The prefix 'eury' is a form of the Greek euiys meaning "broad" or "wide". 
Eurus, the ancient Greek personification of the east and southeast wind has ali|o 
inspired a few words. The meanings of the words chosen for this month’s quiz, lie in 
their etymological roots. 'Eu' guess what they are. Answers on pg 75 and 76. 


Euchromatin: 

(A) An emerald-green mineral 

(B) A chromosome part 

(C) A subclass of the rnosses 

(2) Eugenics: 

(A) Managing environmental 
conditions to improve mankind 

(B) Managing the developmental 
patterns of individual humans 

(C) Practices to improve mankind 
genetically 

(3) Eustacy: 

(A) Wot Id wide fluctuations of sea 
level 

(B) A cartilage-hone tube connecting 


the nose, throat and car 
(c) Normal childbirth 

(4) Europe: 

(A) A fungus disease of fruit and 
shade trees 

(B) A Greek muse 

(C) A satellite of Jupiter 

(5) Euiygamous: 

(A) Mating in flight 

(B) A cell with a definitive nucleus 

(C) Animals with true body cavities 

(6) Euiypterlds: 

(A) aromatic spicy liquid extracted 
from clove oil 

(B) A subclass of fossil arthropods 


(C) Having a body with a constant cell 
number 

(7) EuChanaela: 

(A) Mercy killing 

(B) An instrument to measure 
volume changes during gas 
combustion 

(C) Organisms living at the bottom of 
a water body 

(8) Euglena: 

(A) Having a broad, thickset body 
build 

(B) A genus of water lilies 

(C) A genus of microscopic green 
organisms 

(9) Eutectic: 

(A) An alloy of greatest fusibility 

(B) An ideal human society where 
people are perfectly content 

(C) Banded igneous rocks 

(10) Eudlyptula: 

(A) A meteorite component 

(B) Chipmunk 

(C) Penguin 
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PEEKIlfCriNTO 
THE COMPUTER 


„ ... ,,..1 .1, Viirax,^ 

S. Aniii'Huniar Paritosh Pand|ya 
R. Chandrasekar R. Ramanujam 
Kamal Lodaya 


T he computer has. so far. re¬ 
mained a black box We examine 
below, broadly, how a typical 
computer functions its basic 
buildinf^ blocks, the manner in which 
they are orj^anised and also how they 
communicate will) each other. 

A program, we have .said, is a sequ¬ 
ence ot actions When a program is 
entered into the computer the actions 
are executed m accordance with the 
program statements. But program¬ 
ming languages are many and each one 
of these has a different sort of state¬ 
ment . If a computer has to understand 
them all, it is necessary to translate 
them into a common basic set of 
instructions which, m tact, bring about 
the required actions. 

Figure 1 shows the way a computer 
is organised. We first look at the 
Central Processing Unit or CPU, which 
is the “brain'' ot the computer. It has 
an Arithmetic and Logic Unit (ALU) 
which contains electronic circuits to 
perform simple arithmetic and logical 
operations like adding two numbers or 
comparing two numbers. These cir¬ 
cuits are similar to the ones u.sed in 
electronic calculators 

Where do the numbers thcm.selves 
come from? Tfiey are available in what 
are known as General Registers (GKs), 
also present in the CPU. Each GR can 
.store the value of one variable (in the 
binary (orm. qf cour.se). 

A computer inslruition u-suallv spe¬ 
cifics som simple arithmetic or logical 
operation over one or two varidbles e.g 
AIM) GRl to c:RL\ or IS GR7 I.ESS 
TIlAN GR.'P The variables (•>'cr which 
an instruction operates are called the 
operands of that instruction 
A CPU cannot have a very large 
number ot general registers. But we 
know that pTogram.^ can be verv largL, 
containing thousands ol variables In 
ordei to .store them the computer ha.s a 
memory, which consi.sts of several 
words (regi.sters) to hold variable.s. 
However, these, unlike the GRs, are 
used only to store values* all computa¬ 
tion IS perlormed m the GRs. Thus, a 
program action 

X Y-h 2 


becomes, in machine instructions, 
LOAD V into GRl 
ADD 2 to GRl 
STORE GRl in X 
Normally the instructions are ex¬ 
ecuted in the order in which they occur 
in the program. But sometimes it is 
necessary to execute a part of the 
program only under certain conditions. 
Consider the following statement to 
find the absolute value of an integer 
variable X. 

if X<0 then ABSX=^X 
else ABSX-X 


JUMP IF FALSE to ELSE 
THEN: STORE GRl in CR2 
NEGATE GR2 
JUMP to DONE 
ELSE: STORE GRl in GR2 
DONE: STORE CR2 in ABSX 
If the condition X<0 is true, the 
JUMP instruction is skipped, and the 
instructions .starting at THEN are ex¬ 
ecuted. An unconditional jump to 
DONE follows. If the condition is false, 
the conditional jump to ELSE is taken, 
following which, proceeding sequen¬ 
tially, we reach DONE. 
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Fig. / Computer organisation 

In order hi wi. e such programs, 
most computers provide conditional 
lump in.striictions JUMP IF TRUE and 
lUMP IF FALSE. Using the condition 
testing in.structions and conditional 
jump instructions we can write quite 
elaborate program.^. The above prog¬ 
ram is translated into 

LOAD X into GRl 
IS GRl LESS THAN 0? 


In the program above, we have used 
variable name.s such as X and Y. These 
are stored somewhere m the memory 
and have to he located (there are no 
memory location.^ called X and Y). This 
is achieved by a technique called 
addressing. 

There are many ways to specify an 
address. We might be looking for 23, 
Fireman Street (direct addressing), 
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1- Ex#oiiting LOAD t2S] into GRS yields GRS ^ 1 (direct addressing) 

2 Esecuting LOAOnKWAlOinlo GRS yields GRS = -9 (indirect addressingi 

3 Executing LOAD MANZILI3] into GRS yields GRS = 17 (indirect ndHre— ing) 


4 


V 


only to be told that Alice doesn’t live 
there anymore. She has moved near 
the bridge on the river Kwai (indirect 
addressing), and on-the-spot enquiry 
reveals that she's in the teesri manzU 
(indexed addressing). 

In computer terminology, this trans- 
latdj^as follows. The normal variables of 
a program are addressed directly, for 
example, X might be mapped to loca¬ 
tion 25. Array variables such as 
MANZ1L[3] are ihdexed. Parameters for 
procedures are indirectly accessed, 
since a parameter like KWAI may stand 
tor different variables in different calls 
Ilf the procedure. 

So we would have 

1: LOAD |25| into GRS (direct) 
2; LOAD ||KWA1|| into GRS 
(indirect) 

3: LOAD MANZIL(3| into GRS 
(indexed) 

The first instruction moves the con¬ 
tents of memory address 25 into GRS. 
The next one uses the contents of 
memory location KWAI as an address, 
and moves the contents of that into 
GRS. The final instruction takes the 
contents of MANZIL, adds 3 to it, and 
uses the result as an address. KWAI and 
MANZIL can in turn be direct, indirect 
or indexed addresses (however, most 
computers limit the number of levels 
through which this business can be 
carried). Since the third instruction 
'Requires some arithmetic to be per¬ 
formed in the computation of the 
address, MANZIL usually has to be a 
general register of the CPU. If we 
assume that KWAI is 30 and MANZIL is 
GR3, the various operations will take 
place as shown in Figure 2. 

If you have been following the proce¬ 
dure with an eagle eye, you must have 
noticed the following: we said that X 
and Y made no sense to the computer 
as such, so some addressing mechan¬ 
ism had to be provided. But we seem to 
have conveniently overlooked the hM:t 
that labels like LOOP and ELSE are 
again just names which mean nothing 
to the computerl What, then, is 
JUMP IF FALSE to LOOP 
supposed to mean? 

For that matter, we can ask a more 


fig. 2Addnutagwode$ 

fundamental question: where is this 
program that the CPU is supposed to be 
executing? It can have millions of 
instructions, so it is clearly impossible 
to have it in the CPU. The solution to 
this problem was discovered by John 
von Neumann: store the program too 
in the memory of the computer! 

Thus a memory word may contain 
either an instruction or a vanable 
value. This means a program instruc¬ 
tion too has an address. From Figure 2 
we see the 1XX)P instruction has the 
address 50. Hence, the jump instruc¬ 
tion will actually be 

JUMP IF FALSE to 50. 

From Fi^re 2, one can realise that 
it is possible to treat program instruc¬ 
tions as data variables. If, by mistake, 
the first instruction of the program 
were 

LOAD [52] into GRl. 

Such bugs are avoided by using a 
programming language. The translator 
will correctly output the machine in¬ 
structions corresponding to our 
program. 

The machine, however, exploits this 
ambiguity between program and data 
in its own operation. This will be seen 
below. 

CetUof infonutioii in and out 

We have seen the working of the CPU 


and memory. However, how do things 
get into and out/)f them? 'fhe compu¬ 
ter has to interact with the outside 
world in some way. For instance, a 
keyboard may be used to read in 
characters, or a TV screen-like display 
to print them out. In a process control 
application, we may well find a compu¬ 
ter using a digital temperature sensor 
as an input device and a battery of 
ON/OFF switches as an output device. 

A computer will have some instruc¬ 
tions to handle these pcrlphcmls as 
well. (A modern trend is to use micro¬ 
mini computers to perform control 
functions that were previously confined 
to the central processor, making the 
peripheral ‘intelligent’.) TVpically. in¬ 
structions for input/output devices are 
of the type: 

READ from DEVICE 

intoMEMORY-ADDRESS 
WRITE from MEMORY ADDRESS 
onto DEVICE 

and SEND a CONTROL COM¬ 
MAND to DEVICE. 

The last named is exemplified by the 
command "Skip to a new page" for a 
line printer. 

There is another reason why a com¬ 
puter might have to tr^fer informa¬ 
tion outside it. Very often, it n)ight be 
necessary to process and store such 
large amounts of information that the 
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Piloting ihe computer 1$ the Job of the central processing unit 


memory can’t store all the necessary 
data (even the largest computers can 
store only a few megabytes—millions 
of 8-bit bytes). Cheaper (but slower) 
bulk-storage devices like magnetic 
disks and tapes are used as alternative 
forms of storage. 

Such secondary storage media have 
another use. A computer’s memory is 
continually reused by the programs 
that run on it. How can data be kept on 
a nearly permanent basis, as certain 
master files must be? The solution is to 
put them on disks or tapes, which can 
be conveniently carried about and con¬ 
nected to the system whenever neces¬ 
sary. 

For a secondary .storage device, the 
instruction might be slightly more 
sophisticated, since the device itself has 
an addressing structure. So^ou will 
have something like 

READfrom DEVICE ADDRESS 
into MEMORY ADDRESS, 

may stand for READ from DISK 1. 
CYLINDER 3. SECTOR 5 into 
LIST|200| 

Most peripherals are based upon 
electro-mechanical components, mak¬ 
ing them inherently slow and error- 
prone. They might even be orders of 
magnitude slower than the electronic 
CPII of the computer. Their operation 
is, however, quite independent of the 
working of Ihe CPU. A certain optim¬ 
isation suggests* Itself: divide the input/ 
output in.struction of the computer 
into two instructions, one for initiating 
the I/O process and another to check if 
it is completed. 

Consider a program to control a 
teletypewiiter (which is universally 
known in the computer world as a 
TTY). Let’s say the two instructions are 
START-WRITING and CHECK-IF- 
W’RITTEN. Now a program to print a 
character does the following: 

□ The character is put into a buffer 
(which IS just a memory location) and 
the instruction 

START-WRITING from BUFFER 
onto TTY 

given. This activates the TTY. which 
.starts the process of printing the char- 
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acter This might take, say, 20 millise¬ 
conds. 

□ But the CPU IS much faster: it works 
in microseconds! The program mean¬ 
while goes on to execute anything like 
20,000 other instructions, 
n After squeezing in this hit of extra 
work, the program executes 
CHECK-JF-WRITTEN TTY 
By this time, the next character to be 
printed might have been generated. As 
soon as CMECK-IF-WRITTEN gives a 
“y®s” answer, the program promptly 
puts the next character in the buffer 
and gives another START-WRITING 
instruction. 

In this way, the teletype can be 
working at its full speed of 50 charac¬ 
ters per second, while the CPU is 
managing to (possibly compute also) 
produce an output for it. The program 
IS said to be output-bound, or more 
generally I/O-hound. A program which 
does little I/O and goes on doing large 
amounts of processing is said to be 
CPU-bound. 

This whole .sequence is very familiar 
to most of us: it is just like a manager 
telling her junior officer what to do, 
getting him started on it, checking if 
he IS through with it. and giving him 
more work thereafter. Note that the 
manager can continue with her work 
after she has issjed her instructions. 

There is an irritating detail to be 
taken care of. It is tedious to keep on 
checking it some work is complete or 
not (as any manager will attest to). A 
better idea is to have an I/O device 
interrupt the CPU to indicate that it is 
finished. The program now simply 
issues the START-WRITING instruc¬ 
tion, and goes on to do other work 


until interrupted to indicate that the 
character is written. 

Before this seemingly complex sequ¬ 
ence puts you off computers, you must 
understand that all this is what hap¬ 
pens behind the scenes—in a program¬ 
ming language, you simply give a 
WRITE statement or equivalent. The 
language translator will take care of the 
details of the printing. 

A closer look at hardware 

So far, we have been talking about 
instructions being “executed” by the 
CPU. But how does the CPU go about 
it^ We trace it by examining the 
processing of one instruction: 

IS GR3 LESS THAN X? 

The CPU has two special internal 
registers: 

□ The Instruction Register (IR) holds 
the instruction being executed. 

□ The Program Counter (PC) keeps 
track of the instruction location. Ini¬ 
tially the PC IS loaded with the address; 
of the first instruction of the program. 

□ The Control Unit (CU) of the CPU 
uses these registers to execute the 
instruction in two stages. 

Fetch: When the execution of this 
instruction begins, the PC must be 
having the address I. The CU sends a 
command to the memory to read this 
address. The value at this address, 
which IS the instruction “IS GRl LESS 
THAN O’”, is loaded into the IR. The 
PC is incremented by one so that now it 
points to the next instruction. The 
current instruction can be broken up 
into the operation code IS-LESS- 
THAN. the first operand GRl and the 
second operand X (see Box). This is 
done by the decoding circuitry in the 
CU. 
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Execute: Operation of this stage is 
very much dependent upon the specific 
instruction. 

□ If the instruction is an arithmetic or 
logical instruction, appropriate com¬ 
mands are given to the ALU to pmornri 
the operation. 

□ If the instruction is a LOAD or 
STORE, commands are sent to the 
memory to transfer the appropriate 
value from source to destination. 

□ If the instruction is a JUMP (with the 
condition satisfied), the PC is changed 
to the value supplied in the instruction. 

In this case, we have (deliberately) 
used a hybrid sort of instruction, which 
requires a memory access as well as 
calculation by the ALU. The CU first 
sends a command to the memory to 
«^d the contents of address X. A value 
is returned and the ALU compares this 
with the value in GRl (which is inside 


the CPU). It will then set some internal 
switch, so that if the next instruction is 
a conditional JUMP, it can make use of 
the result of this instruction. 

The various parts described above 
are interconnected in such a way that 
information can be transferred between 
thehi. The modern computer uses for 
this purpose what is known as *bus' 
which IS just a set of wires over which a 
word of data or address can be trans¬ 
ported. In some computers there is a 
single bus for data, address and control 
signals whereas some use different 
buses for these. The block diagram 
(Pig. 1) shows the various building 
blocks of a typical computer. 

Newer architeclurea 

So far, we have been dealing with the 
classic, or von Neumann, type of com¬ 
puter organisation. But this is neither 




the only possible machine architecture 
nor the best possible. 

The main drawback of the von 
Neumann approach is that the machine 
is forced to operate sequentially, one 
word at a time. Each instruction is 
fetched and processed one by one. One 
way of overcoming this is to have many 
CPUs sharing a common memory (in 
which the program resides). In the 
program fragment 

LOAD X into GRl 
ADD GIt3 to GR2 

the two instructions can be executed in 
parallel by two separate processors. 

Such a multiprocessor architecture 
is faster, but only in a limited way. 

Supposing you have the instructions 

LOAD X into GRl 
ADD GRl to GR2 

you simply have to execute them 
sequentially] Performing the second 
before the first is disastrous. In gener¬ 
al, a data dependency chart of the 
whole program has to be prepared to 
recognise possible parallelism. Re¬ 
search is progressing on data flow 
computers, which will be able to do 
this. 

A .simpler solution is for the prog¬ 
rammer to write her program in sever¬ 
al logically unconnected parts. Each of 
these could be executed by one CPU 
with its own memory. This is called a 
distributed architecture. 

Of late, there has been a lot of 
interest in distributed systems, since 
they can support “networking” of com¬ 
puters—linking a number of them so 
that computers at different places be¬ 
came accessible. The potential applica¬ 
tions of networking include: electronic 
mail, information retrieval (share 
prices, hotel and travel information, 
weather reports, news), home banking, 
tele-shopping and so on. But. as can be 
expected, managing the data may turn 
out to be a major headache. n 


The authors are vtsitmg Sclenltsts at the Nation- 
at Centre hr Software Development and Com- 
putmg Techniques (NCSDCTh Tata Institute of 
Fundamental Research, Bombay 
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CROSSING THE BAR 


W E have heard of the Tibetan Book of 
the Dead. But a Book of Death for the 
Living? An anthology of death does seem a 
morbid project And a number of sub-titles 
at once spring to mind: death by drowiling, 
death by garrut, death by overindulgence, 
death by jogging, death in the afternoon, 
death at night, death at the races and death 
on the road... 

However, this is not a practical “do-it- 
yourself guide. Nor is it a step-by-steg 
description of the process of dying or a 
geography of the other world as provided by 
the Tibetan Book of the Dead (Bardol 
Thadol). It is a highly colourful anthology 
of writings on death and dying (of death of 
animals, of children’s death and so on) with 
a number of famous last words and epitaphs 
thrown in. The compiler is the disting¬ 
uished poet. D. J. Enright, whose name was 
recently mentioned in the race for Britain’s 
Poet Laureateship after Poor John Betje¬ 
man, ahem, died! 

In his preface the compiler himself 
kdmits his initial reservations about the 


Book. But he was probably compelled by the 
thought that the subject of death is “one of 
exceptionally large and exceptionally com¬ 
mon concern”. He also discovered that 
there are no “real experts” on the subject. 
Naturally. Dying is quite unlike dreaming. 
You don’t indulge in it day after day (or, 
more properly, night after night) and get up 
to talk about it at the Club. Your first 
encounter with death is your last. If it isn’t, 
what you have encountered is not death but 
a near-death experience, which is quite 
something else again. In fact it is the 
so-called near-death experience that has 
been receiving a lot of attention and 
• coverage some of which we could do 
without. 

Planchet-pushers may tell you anything, 
but death by itself belongs to that “country 
from whose bourne no traveller ever re¬ 
turns to carry tales”. Thus, by definition, 
this anthology is incomplete. The compiler 
is the first to agree that he could go on 
“compiling” until death itself parts one (the 
compiler) from the other (the anthology). 


But what is surprising is that Mr. Enright 
says he would be happy to be so engaged for 
the rest of his life! ()ur own feeling in the 
matter is that a memento mori, however 
exquisite or sublime, begins to pall after a 
while. And you cannot live all your life in 
black (not unless you happen to be a 
pall-bearer or an undertaker by profession!) 

Fortunately for Mr. Enright it is the 
publishers and not the Grim Reaper himself 
who parted the compiler from his anthology 
which, once you accept the inevitability of 
the subject turns out to be full of passages 
of strange beauty and power. Happy 
reading! 

Vithal C. Nadkarni 


HiaOafiil Bapfc rf Piilh 
MmMJO 


PopubtioB Dyaamka of Infodlottf Dla- 

oaaas.'IlMoiy and AppHcatkiBa. Edited ky 

Roy N. Anderson, diapman and HaU, 
London 1982. 388 pp. Price not stated. 

HIS book, by several authors, is one of a 
series on Population and Community 
Biology projected by the publishers. It deals 
actually with the applications of mathema¬ 
tical modelling in the dynamics of infec¬ 
tious disease. It does not purport to give any 
definite answers or guidelines 
Those who are new to the subject may 
well start with the last chapter by D. J.. 
Bradley, which discusses the rationale, the 
significance and the shortcomings of 
mathematical modelling as representations 
of epidemiologic situations. 

In brief, from the known facts about the 
mode of onset and cycle of transmission of 
an infectious disease, attempts are made to 
prepare models to represent various stages 
of ^e disease process and for the cycle of 
continuation of the process in a commun¬ 
ity. In such models, represented by mathe¬ 
matical equations, symbols are used for the 
different variable parameters which can 
affect the outcome. Approximate values are 
assigned to these symbols (parameters) and 
calculations made for the outcome of the 
stage or process concerned. For example, 
the rate of infection of mosquitos by 
malarial gametocytes is an important factor 
in perpetuation and spread of the infection. 
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The rate of infection of mosquitos would 
depend on the density of mosquito popula¬ 
tion in a given area, the frequency of biting 
of humans by mosquitos, the number of 
infected humans in the area, the proportion 
of infected persons who develop gameto¬ 
cytes, and the infectivity of gametocytes for 
mosquitos. Some of these factors can be 
estimated from available reports or sample 
studies. For others we can assign arbitrary 
values, based on our understanding of the 
protilem, and proceed to calculate, from our 
equation, the rate of infection of mosquitos. 
If when compared with observed rates, our 
calculated rates are far out, our values for 
these parameters must be revised, either by 
making further observations and/or 
assigning other arbitrary values which can* 
achieve a closer fit with observed findings. 

The mam success in modelling is claimed 
for malaria where Ross calculated that the 
disease could be eliminated by vector con¬ 
trol rather than by chemotherapy of pa¬ 
tients. This was amply borne out by events, 
but to this reviewer it appears that Ross, 
with his deep understanding of malaria 
epidemiology may well have come to the 
same conclusions without mathematics or 
that his modelling and calculations were 
informed by his special knowledge. 

Many diseases, in spite of all efforts, 
persist in the community at almost the 
same level, which can be represented by a 
transmission rate of unity. If %ve identity the 


variables which affect this transmission 
rate, we can calculate what value of each 
variable would be necessary to bring down 
the transmission rate to less than one, so 
that the infection may die out. It is then 
possible to estimate the amount of effort 
required in the case of each variable, to 
bring it down to the desired level so as to 
concentrate our efforts on the one requir¬ 
ing the least effort, as also to decide 
whether we have the resources and capacity 
to take the necessary action. 

It will be appreciated that this approach 
is still very untried, and a lot more study is 
required before we can assess its qsefulness. 
Fruitful advances are likely to occur only if 
there is close collaboration between the 
mathematician and the epidemiologist, 
each understanding the other’s language. 
One difficulty of the present book, for an 
epidemiologist who does not have a mathe¬ 
matical bent, IS that no explanation is giv'en 
for derivation of the various equations 
presented as representative of different 
processes. This makes it difficult to deter¬ 
mine whether the mathematical represen¬ 
tation is correct and in accord with one’s 
understanding of the process If the epide¬ 
miologist IS required to understand and 
participate in the process this is an omis¬ 
sion which should be remedied in future 
editions. 

A. N. D. NaoavaU 




A ^helping hand'of bamboo 


Bhaskar Baneiji J. B. Banciji 



1m: tplbaa Mt dUKenat tUgu of eoatlruetha tb: Potto vkUm mAA night opttnto 


iklmg Kendra, a rehabilitation bamboo splints, bamboo/cane walkers, 

centre for the handicapped at cane crutches, cock-up/Volkman's 

llharadw^ Ashram, Allahabad, UP, has splints, cervical collars, bamboo calip- 
developed ‘appropriate technology’ to ers, spinal jackets (lumbo sacral belts), 
help the rural handicapped. The Ken- splints for the hand, wheel chairs and 
dra has developed several kinds of tools lower extremity prosthesis, 
and aids from cheap and indigenously The above require simple and un¬ 
available material. Lately, bamboo and sophisticated techniques. For niglit 
cane have been used to make a variety splints (la and lb), bamboo, at least 
of prosthesis, artificial substitutes for a 
missing part of a body like a leg or a 
hand, to help the poor handicapped. 

The conventional ones, made of steel, 
leather, etc are expensive, and beyond 
the reach of our rural poor. And (his 
e\ction of population is most exposed 
fo accidents in field operations. 

Bamboo and cane are endowed with 
several inherent advantages, which are 
tully exploited in the construction of * 
prosthesis and other aids. Some of 
these properties are: the inherent 
mechanical strength, high tensile 
property, easy malleability, extraordin¬ 
ary lightness of the material, and above 
ill its easy availability. Though com¬ 
monly used for furniture and other 
xonstruction purposes, cane and bam- 
'xio have never been used enmasse to 
lelp the disabled. 

But the story at the Kendra is 
■different. Several cane and bamboo 
apQliances are now routinely made, 
rehabilitating thousands of rural hand¬ 
icapped. Some of these appliances are. WaSkoro nude of eone/bamboo 




four inches in diameter, is cut into 
thin, long strips. By application of 
alternate heating and cooling treat¬ 
ments, strips are bent at the centre to a 
right angle and then reinforced by 
thick mild-strip steel. Padding of foam 
and strategically placed leather strips 
provide biomechanical functions and 
prevents planter flexion at ankle joints. 

The design features of bamboo/cane 
walkers (2) conforms to standard wal¬ 
kers made of pipes. For greater structu¬ 
ral strength, reinforcing cane pieces 
are placed strategically and fixed with 
nails and finally covered with a fine 
variety of cane. The walkers are effec¬ 
tively used as a walking aid. 

Cane crutches, are also made to 
standard specifications. 

Cock-up splints (3a) to prevent pal¬ 
mer flexion at wrists, are made in the 
same manner as night splints. Howev¬ 
er, here the bamboo is bent distally to 
an angle of 60°. The appliance extends 
from below the elbow to the level of 
wnst joints. Volkman’s splint (3b) is 
similar in construction to the cock-up 
splint, except that the appliance ex¬ 
tends to tip of the fingers and a thumb 
outrigger is also put. It prevents pal¬ 
mer flexion' at the wrist and at all the 
joints of the hand. 

Bamboo prosthesis represents a 
unique effort to make prosthesis of 
bamboos. It is an endoskeletal 
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Differences between cane>bamboo prosthesis and other types of 

prosthesis 



Our prosthesis 

Endo skeletal 

Jaipur prosthesis 

Exo-skeletal 

Conventional prosthesis 
Exo-Skeletal 

Consistency 

Soft, like a normal limb It has 
a lurch due to the elasticity of 
cane/bamboo 

Hard 

No elasticity and lurch 

Hard 

No elasticity and lurch 

Socket 

Rectangular socket made of 
basket (cane), lined by 
sponge 

Permits aeration of amputated 
stump 

No Sweating It is specially 
advantageous for tropics 

Socket beaten from 
aluminium sheet 

Does not permit aeration of 
amputated stump 

Sweating f -f 

Socket shaped from wood or 
moulded epoxy-resin 

Partial aeration ± through a 
valve (A) 

Sweating present 

Body of thigh 

Soft Covered by rubberised 
stockinette 

Skeleton is made of bamboo 
or cane 

Hard Covered by stockinette, 
coloured by fevicol 

Aluminium, shape is welded 

Hard Covered by stockinette 
Epoxy compound or 
poly-propylene 

Knee |oint 

Made of bamboo 

Single axis joint 

Control on motion due to a 
spring unit which gives 
resistance to motion, enables 
the leg to move harmonically 
and normally 

Flexion angle 170" 

Made of steel with drop lock 
to keep It in place 

Double axis joint 

No control on motion 

Flexion angle about 140*' only 
The leg unit has to have a gap 
to accommodate the thigh 

Made of steel, double axis 
Double axis 

No control on motion 

Flexion angle 100" to 120" 

Shin 

Demountable clip type of 
joints for cane or bamboo 
shm 

Shaped aluminium leg 

Shaped moulded on wood or 
plastered mould 

Foot 

Jaipur style fool adds to the 
versatility of the limb 

All movements possible to a 
limit 

Jaipur foot, only elasticity is 
from the foot 

Shaped moulded on wood or 
plastered mould 

Use of irregular pathways 

Stress and strain on rough 
roads much less due to the 
elasticity of cane 

Stress and strain i f i- due to 
rigidity of aluminium 

Stress effects more due to 
heavy weight 


Patient accaptibility + -t- -f f f 
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;2a: Cock~up splints for wrist-drop cases 



3b: A hemiplegic wearing a Volkman*s splint 


variety of prosthesis. The socket is of a 
Lane basket and the foot piece is a 
laipur foot (please see box item). 

And, we also have a cheap, non- 
ydmjf type of cane wheel chair, 
hjautiful in Its simplicity (41. The front 
wheels are a conventional six inches 
and the rear wheels are bicycle tyres. 
Manufacturing time is only one and a 
half days. 

The construction design of bamboo 
Lalipers IS similar to that of an ordinary 
c alipers (f)a and [Sb ). A wooden clog, 
l iowever, is used as the base instead of a 
shoe. Depending on the need, calipers 
c m be used as an ankle-foot orthosis. 


fki Calipers made from bamboo 



*4: sturdy, cheap cane wheel chairs fit for 
rough roads 


knee-ankle - fool orthosis or hip-knee- 
ankle orthosis 

Hence, bamboo and cane orthosis 
and prostfiesis represent a viable alter¬ 
native to high-iost, sophisticated aids. 
Though organised research has not yet 
been undertaken to ‘standardise* them, 
trials and their use have made them 
effective under rural conditions This 
collage industry al.so provide.s employ¬ 
ment opportunities to the villagers. 

n 

The authors are attirehj mitilved m destqnmy 
iunvibomboo pmsthests of the VikUmq Kendra 
at ! i. Lukeryan/t. AUahahad 


5b: A polio victim at work on a Kutti machine 
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YOUTH FORUM 


ROMANCE OF RADIUM 


M ademoiselle sklodovski' The 

name was announced A thin 
pretty girl of seventeen got up timidly and 
walked across the reception room of the 
employment agency She had grown fair 
curls for several weeks, so that she could 
pin them up firmly and had practised a 
stern, cairn expression appropriate for a 
governess. Her interview went very well. 
She had a perfect command over German, 
Russian, French, Polish and English. She 
had excellent references, and was the 
daughter of a physics professor. She was 
selected. From half a rouble a lesson her 
earnings now shot up to 400 roubles a year 
with free boarding, lodging and laundry. 
Manya Sklodovski was relieved that things 
had worked out so well for her. She had to 
get this job, to see her beloved sister 
Bronya, through medical school. She plan¬ 
ned to educate herself after that. 

Those were hard years for the Poles. 
Russia had overrun Poland and harassed 
her people, condemning the intellectuals 
among them to do all kinds of subordinate 
jobs. At the time, Prof. Sklodovski was 
impoverished financially mentally and phy¬ 
sically. But his children Joseph. Bronya, 
Hela and Manya had consoled him saying, 
“We are young and strong. We will work 
and succeed”. So Manya worked as a 
governess for three years till Bronya com¬ 
pleted her studies, she then returned to 
Warsaw. 

Once in Warsaw she regained her intel¬ 
lectual ambitions and re entered the ‘Float¬ 
ing University' On the wall of the Sklodovs¬ 
ki house was a precision barometer which 
Manya admired a.s a four-year-old. In a glass 
case there used to be a gold leaf electro¬ 
scope and several other laboratory instru¬ 
ments which fascinated her Her father had 
told her that they were “phy.sic.s app-a-ra- 
tus" A funny name which the little girl 
repeated again and again, till they formed a 
tune 'physics apparatus.She always 
wanted to play with them. Now at Jast she 
could indulge her childhood interest. At the 
Museum of lndustr\> and Agriculture, .she 
held a lest tube fur the first time in her life' 
l^tei, counting her .savings, rouble by 
rouble, she boarded a train to Sorbonne— 
beginning her journey from obscunt>' to 
fame 

At Sorbonne. she led a life ot monastic 
simplicity, half starving and freezing with 
cold in the cheapest attics available. Her 
budget was only three francs to cater to all 
her needs including fees. Manya, (now 
called Mane), could have shared a room 
with other girls, but she prized her solitude 
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Subsisting on bread, eggs, fruit and some¬ 
times radish she became a shadow of a 
human being. 

But Prof. Lippman recognised deftness, 
precision and originality of thinking when 
he saw it. So Marie was entrusted v;ith a 
research project. Working with incredible 
stubbornness, she attained her first goal. At 
the end of term she was declared first in the 
M.Sc. examination m physics in 1893. But 
her reaction was to rush out of congratulat¬ 
ing crowds to buy some presents to take 
home. 

Back in Warsaw she was awarded the 
“Alexandrovitch Scholarship” but she re¬ 
turned to Pans to study mathematics. Once 
more she entered the dreary round of 
stinting and starving. She expressed her 
inner feelings during this time in a poem. 
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PUchbknde, the unnium an, from which 
iht CurkB extracted radium 


“Ah! how harshly the youth of the 
student passes, 

while all around her, with passions ever 
fresh. 

Other youths search eagerly for easy 
pleasures.” 

Humiliated by an unhappy love affair, she 
was determined to love only science but 
Mother Nature plai ned otherwise. She was 
intioduced to Pierre Curie by Dr. Kopalski, 
in the hope that he could let her work in his 
laboratory at the School of Physics and 
Chemistry in the Rue Lhomond. Curie was 
impressed by this pretty, intellectual Polish 
woman of rare genius and her tranquility 
was disturbed. She obtained her Master's 
degree in Mathematics in 1894 and re¬ 
turned to Poland During the correspond¬ 
ence that followed, her resistance to love 


and marriage melted like snow and the 
hermit woman finally married Pierre Curie 
on July 26, 1895. They had a very happy 
time and on 12th September 1897 Irene was 
born. Her daughter and famous biographer 
Eve wrote. that “The idea of choosing 
between family life and a scientific career 
never crossed Marie’s mind. She was re¬ 
solved to face love, maternity and science, 
all three and to cheat none of thertf^ by 
passion and will she was to succeed”. 

Searching /rantically for a subject for her 
Ph.D thesis, she found Henrie Becquerel’s 
publications on uranium salts emitting 
spontaneous rays of an unknown nature 

without exposure to light,.and plunged 

into this virgin field. She was permitted to 
work in a damp, cold storeroom where her 
sensitive electrometer could not operate 
with precision. But she still persevered in 
her work, using an excellent method based 
on a sensitive instrument constructed by 
Pierre and his brother Jacques. She fol¬ 
lowed this method throughout her life, 
cross-checking the results with other tech*'* 
niques. The instrument could measure 
weak currents. 

Developing intimacy with uranium rays, 
she found them to be unaffected by the 
chemical state of uranium or external 
factors like light, temperature^ etc She 
announced that their incomprehensible 
strange radiations were an “atomic" proper¬ 
ty. This was a revolutionary hypothesis, 
since it was contrary to all accepted con¬ 
cepts on atoms. She argued that there must 
be some more such chemicals in nature. 
Examining other chemical elements in the 
pure and compound states, she struck on 
thorium which emitted similar rays. St^' 
christened this phenomenon “radioactiv 
ity”, and elements like uranium and thoi- 
lum as “radioelements”. The game of labell¬ 
ing the salts, minerals, etc. as radioactive or 
radioinactive was continued with great 
amusement and excitement. 

And in the spring of 1898 Mane found t(> 
her great surprise that pitchblende ore 
containing uranium oxide emitted radioac 
tivity a great deal stronger than expected 
She repeated the experiment twenty tlme^ 
and arrived at the same results. Mane had 
discovered a new element. In her first 
communication to the Academy she 
announced “the probable existence of a new 
element in pitchblende ores, endowed with 
powerful radioactivity". Her paper was pre¬ 
sented by Prof. Lippman and published in 
the proceedings to the Academy on April42 
1898. This publication opened the road to 
the new science of radioactivity, a road on 





PlemMndMule Curie et work In the early 1900a 


which Mane Curie travelled with mission- removal of uranium) at a low price. The this sudden blow, Mane became almost 

dry zeal for the rest of her life. poverty of their haphazard equipment and dumb and icy. She refused to accept a 

% The next step was to isolate lhi< element miscellaneous obstacles hindered their pension and so was offered Pierre’s post. 

This was a stupendous task and Pierre Curie progress. But with infinite enthusiasm and She became the * first woman chief of 

lomed his wife in her great adventure at this inexhaustible patience she worked as a research work in May 1906 

stage. The life partners, became collabor- physicist, chemist, engineer and even a The day she delivered her first lecture, 

ators in the laboratory in April 1898. Day labourer when the need arose. It was a the classroom was filled with anxious faces, 

and night the couple toiled together. They killing job to carry the big containers, stir She started exactly where her laje husband 

(Ground the pitchblende to a powder and and pour off the boiling liquids for hours had left off. Tears rolled down the cheeks of 

dissolved it in acid, then boiled it repeated- together Later she was to describe this the audience and she left as rapidly as she 

ly. froze and precipitated it. The handful of period of their existence as‘heroic’. By 1902 entered. She spoke on the theories of 

line, black powder which they obtained by they isolated radium and announced its electricity, atomic disintegration, radioac- 

lune 1898 was 400 times more radioactive atomic weight—^225 and its other chemical tive substances and so on, in her icy 

than uranium. As the ‘noose’ round the properties. It was now found to be 100,000 poignant voice. 

i iilprit' was tightening they reflected that times more active Contemporary scientists In 1910 she published a monumental 
there were ‘two culprits’ not one. By July bowed their heads to this superwoman 1,000 page treatise on radioactivity compil- 

1898 they successfully separated “polo- But. Mane and Pierre, celebrated their mg for the first time all the existing 

jL'Mm”, which was named after Mane’s achievement in their own characteristic knowledge on the subject. Between 1911 

'Gloved country. Poland at the time was unconventional way. They went down to and 1914 she wrote a series of general 

t rased from the geographical map. but their laboratory where they found to their articles The consequences of the theory of 

found a place on the scientific map.because great entrancement, beautiful, blue col- transformations; the phenomenon of 

•»f Marie's patriotism. * oured containers, glowing on the shelf. This radioactivity substantiating the connection 

Family correspondence was kept up in was the most memorable night in Marie’s between matter and electricity; the rea.sons 

the midst of all these activities. Irene’s life when she sat and admired their hand- Why explo.sions occur each time an atom 

progress was observed and noted meticu iwork. while Pierre caressed her hair with emits radiation are some of them. She also 

iousiy in a diary and gooseberry jelly was great affection introduced words like "disintegration" and 

prepared in the family tradition. On January Mane and Pierre received Nobel Prize for “transmutation" into scientific terminology 
1898 she noted, “Irene has fifteen Physics in'1903 along with Henrie Bee- At the Radiology Congre.ss in Brussels in 
iceth’’— and between these homely querei. With this followed a flood of fame September 1910 she raised the question of 

notes, there came another important com- and professional honours. Mane was official staridards for radium. The Congress 

nunication—“The new radioactive subst- awarded her doctorate in June 1903 and a defined the “curie"'-named in honour of 

ince contains a new element to which we University post in 1904. And there was a Pierre-as a new unit corresponding to the 

>ropose to give the name'radium'.’’It was 'post-doctoral baby’ Eve Curie. In 1905 quantity of emanation (radon) from or in 

' 500 times more active than uranium. Pierre Curie was elected a member of the radioactive equilibrium with one gram of 

This second element was present in an Academy of Science Rut their happiness radium. (In 1953 this was redefined as the 

extremely minute quantity. ITo separate it. was shortlived. quantity o( any radioactive nuclide in which 

tOi'^of pitchblende had to be handled. The In April 1906, Pierre was run over and the number of disintegrations per second is 
h>achimsthal mine in Bohemia provided killed by a freight wagon as he crossed a 3.7 x 10^"). She received several honours 

hem with pitchblende residue (after the rain-slicked Paris street. Deeply shocked by from foreign academies. France awarded 
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A simple gold-leaf electro¬ 
scope enabled Curie to de¬ 
tect radioactivity 


her The Cross of Chevalier which she 
modestly refused. 

But, Mane had to face a storm of 
mud-slinging at the Institute. M. Amagat 
was of the opinion that '‘women could not 
be part of the Institute of Prance.” She lost 
the election to the Academy of Sciences by 
one vote. This chauvinistic attitude of 
France was perhaps corrected when in 
1911, she won a second Nobel Prize in 
Chemistry for the description of the che¬ 
mical properties of new elements. At the 
time, no other person had received this 
honour twice. She was accompanied to 
Sweden by Bronya and Irene. Twenty-four 
years later in the same hall. Irene was to 
receive the same prize. The Curies were a 
unique family bagging three Nobel Prizes! 
Special felicitations were arranged in her 
honour but a major portion of the money 
went directly to research and to friends and 
colleagues. 

Though brickbats followed the bouquets, 
the Polish society of sciences had named 
Marie an 'honorary member’ in 1911. In 
May 1912 a delegation of Polish Professors 
requested her to return to Poland to 
continue her scientific activities there. Torn 
between patriotism and duty, with great 
hesitation she refused this offer. The 
construction of the laboratory Pierre had 
dreamt off had begun. She could not leave 
France. 

In 1914. the institution building was 
being constructed. The storms against her 
had subsided and she was at the zenith of 
her fame. The University and Pasteur Insti¬ 
tute founded the Institute of Radium, which 
comprised of a laboratory of radioactivity 
placed under her direction. A laboratory for 
biological research and Curie therapy in¬ 
volving studies on cancer treatment was to 
be organised. She planned the buildings in 
such a way that, for the next fifty years 
scientists could work there. In July 1914, 
Rue Pierre Curie, the institution, was ready. 

In August 1914 the first world war broke 
out. She raised funds and constructed the 
first radiological car Later she requisi¬ 
tioned 20 cars and transformed them into 
radiological cars fixed with x-ray machines. 
She organised 20 posts for radiological 
services. More than a million wounded 
soldiers were examined. She thus rcpayed 
her debt to her adopted country. 

When the need arose, all her gold includ¬ 
ing medals and the Nobel Prize money were 
given away as war loans, though she knew 
hilly well that it would all be melted away. 
She conducted courses in radiology and 
trained 150 technicians by 1918. Later she 
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also helped Belgium, Italy and America in 
radiological training. She wrote a book on 
“Radiology in War” in which she never used 
i'. Later she refused the offer of The Cross 
of the French Legion of Honor. 

In May 1920, an American journalist Mrs. 
Meloney, asked her “what would you like to 
possess the most?” Her answer was “I need 
a gramme of radium, but 1 cannot buy it. 
Radium is too dear for me.” The journalist 
remembered that and launched a campaign 
for the ‘Marie Curie Radium Fund’ in all 
cities of the world. 

Less than a year later, Marie Curie was 
invited with Irene and Eve to America. On 
May 20th in Washington, President Harding 
presented her with a small golden key to a 
coffer containing the gramme of radium. 

Pierre had once suggested that they 
register a patent for their technique, so 
assuring them^lves rights over the manu¬ 
facture of radium throughout the world. 
This would have earned them millions. But 
she had dismissed the thought “it is impos¬ 
sible, It would be contrary to the scientific 
spirit. This discovery was not for personal 
gain but to benefit the whole of mankind.” 
Mane had no regrets about this 
gesture. She confirmed them again and 
world newspapers proclaimed her the “be- 
nefactoress of mankind”. In an old provin¬ 
cial capital of China, in the temple of 
Confucius at Taiyuan-fu, there is a portrait 
of Madame Curie, placed among the “be¬ 
nefactors of humanity”, Descartes, Newton, 
the Buddha and the great emperors of 
China. 

On May 17, 1922, the Council of the 
League of Nations unanimously named 
Madame Curie—Sklodovksi, a member of 
the'International Committee on Intellec¬ 
tual Co-operation. She accepted. This was 
one of the most important dates in Marie’s 
life. It enabled her to maintain absolute 
political neutrality in all circumstances 
This committee included great men like 


Albert Einstein, Prof. Lorentz and others. 
She became its vice-president and con¬ 
cerned herself with increasing the number 
of available postgraduate scholarships. She 
also struggled on problems like the* com¬ 
pilation of an international bibliography for 
the documentation of research work, the 
unification of scientific symbols and termi¬ 
nology in scientific publications and^the 
creation of tables of constants. 

She planned a radium institute for free 
Poland, at Warsaw. It was to be a centre for 
scientific research and for the treatment of 
cancer. ‘Buy a brick for the Marie Sklodovs- 
ki-Curie Institute’ became a familiar slogan 
in the Polish countiy side. The stock of 
bricks grew one by one and were trans¬ 
formed into walls, rooms and finally an 
institute. It was a historic day for Marie 
when in October 1929 America sent her 
one more gramme of radium. In 1932 her 
mission was accomplished. The Radium 
Institute was inaugurated. This was her last 
visit to Poland. . 

On December 26 in 1923 the Academy o| 
Science celebrated the anniversary of the 
publication of her first report. Lost in the 
crowd were three grey-haired persons wip¬ 
ing their tears... Hela, Bronya and Joseph. 
Little Manya, the youngest of the family, 
had done them proud. 

Students of all nations invaded her labor¬ 
atory and she gave personal attention to 
each. From 1919 to 1934, 483 communica¬ 
tions were published and 38 thesis were 
submitted. But her health often suffered. 
She had to undergo four surgical operations 
between 1923 and 1930. 

She was tired now. She underwent kid¬ 
ney operations and had tuberculosis, ho 
eye sight was failing again, rheumatism in 
one shoulder troubled her and she was 
suffocated by droning murmurs in her ears 
She was a victim of radioactive exposure; 
aplastic pernicious anaemia had developed. 
She died on July 4,1934 at a sanatorium lO 
Sancellemoz in France at the age of 67 
years. Her coffin was placed above that of 
Pierre Curie as she desired. Bronya and 
Joseph Sklodovski threw handfuls of earth 
brought from Poland into her grave. 

The French Society of Physics released a 
book on her birth centenary. It was entitled 
the “Colloquium on Medium and Heavy 
Nuclei.’* This was the tribute she would 
have appreciated most. 


Bhanti 

Dr (Mrs) Bhait ts with the Medical Dwisian. 
Bhabha Aiomk Research Centre, Baerdtay. 





The Answers Continued from page 63 


1 • Euchfonutfai:— B: The word 
euchromatin is a combination of two 
Greek words eu meaning “good" and 
/chroma or “colour". Chromatin are 
long, thread like structures of deoxyri< 
bonucleic acid (DNA) present in the nuc 
lei of cells. They contain the hereditary 
ii^formation—the blueprint for life. 
Chromatin can exist in two phases, 
coiled and uncoiled and each phase has a 
distinctive staining pattern. It is 
hypothesised that the chromatin is 
genetically active in the uncoiled state 
This means that when uncoiled, the 
hereditary information in chromatin is 
being transcribed and translated into 
cell proteins. Euchromatin is the por¬ 
tion of the chromosomes that uncoils 
during interphase, the resting phase in 
the cell cycle, and condenses during cell 
division. It stains with low intensity 

i 9 

iSr • Eugenics:- C. The term euge 
nics was coined by Francis Gallon in 
1883. It is derived from the Greek root, 
meaning “to produce" and pertains to 
the production of superior offspring. 
Basically, eugenics is the study of hu¬ 
man improvement by genetic means Its 
aim is to increase the proportion of 
people with bettcr-than-average genetic 
traits Eugenic ideals are referred to in 
Bibical. Greek. Vedic and old English 
literature Rut. in its modern, scientific 
aspect it IS essentially the study ol trends 
and causal tactois in human evolution. 

, It draws on psychology, medicine and 
* medical genetics, demography, sociolo¬ 
gy and other human oriented sciences 

EustaQr:—A* Refers to world 
wide fluctuations of sea level, due to the 
changing capacity of ocean basins or the 
volume of water. It is a geolojjical 
principle believed to occur due to (he 
repeated advance and retreat of con¬ 
tinental glaciers Sea level falls, when 
I some of the Earth's water is hound up in 
' ice sheets, during glaciations and it ri.ses 
\ during subsequent degiariations. 



Europa: —C: Europa is one of 
Jupiter’s satellites. It is named after a 
Greek mythological princess. Europa 
was the daughter of Phoenix, the king of 
Phoenicia She inspired the love of Zeus, 
who approached her in the form of a 
white bull and carried her away to Crete 
In Crete, she was worshipped under the 
name of Hellotis. where a festival ffello- 
tia, IS held in her honour. The satellite 
Europa has a diameter o( .3.099 km and 
IS about the same size as the Earth’s 
moon. 

5 • Euiygamous: —A* Refers to 
those specie.s—usually insects, which 
can mate in flight Eurygamous insects 
include the queens of bees, ants and 
termites who mate during a nuptial 
flight. 1'hey use the i^tored sperm to 
fertilise all the eggs they subsequently 
pioduce In most eurygamous insect 
species, the male is much smaller in size 
than the fecund female 



Euiypterids:— H Eury' is a 
combining form ol the Gieek word eurys 
meaning “wide" or “broad ’ The term 
‘eurypterid’, refers to an extinct group t»f 
aifuatic arthropods, of the order Euiyp- 
(ctida which are rarely preser\Td a.s 
fossils Eur>'p(erid.s appeared about 
300,000,000 years ago and became ex 
tinct about 225,000.000 years ago. 
Though euryptciids are often referred to 
as giant .scorpions’, most of them were 
actually small and resembled horse-shoe 
crabs to some extent. They had seg¬ 
mented bodies and were thought to have 
inhabited brackish wateis The large.st 
arthropod ever known, Hteryf/otu:^ buffa- 
Joenis was a eurypterid. It attained a 
length of three metres 


7 • Euthanasla:--A: Also called 
mercy killing from the Greek meaning 
“good death", refers to the painles.s 
inducement of death, especially the 
putting to death of incurable or termin¬ 
ally ill patients, at their request. 
Although illegal in most countries, it 
received sanction by both Socrates and 
Plato. An allied practice, morally accept¬ 
able to many people is that the life of a 
dying patient suffering intolerable and 
intractable pain, .should not he needless¬ 
ly prolonged by extraordinary means. 



So Euglena: G Is «i genus ot 
singie-celled organisms, with both plant 
and rinimal (hariKtenstus it is consi¬ 
dered a membci o( the piotozoan (anim 
al) order Euglenida ot of the algal 
(plant) division Kiiglenophvta 
Animal propet ties iiKludc motility 
which it achieves hv vibrating its whip- 
like flagella and the presence of an eye 
spot Plant like (eatures 'nclude (he 
pre.sence of chloropla.sts. which enable it 
to synthesise its own food and a rigid 
celluio.se cell wall Euglena are used to 
study cell growth and metabolism undei 
conditions like high temperature, dark 
ness, ultra-violet light and ihemicals. 
Euglena are usualIv found m fresh water 
ponds. 
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^ • Eutectlc:--A: Is a descriptive name used in metallur¬ 
gy. It is assigned to an alloy or mixture of greatest 
fusibility—a mixture whose melting point is lower than that 
of any other alloy or mixture of the same ingredients. If an 
arbitrarily chosen liquid mixture of such substances is cooled, 
a temperature will be reached when one component will 
begin to separate In its solid form and will continue to do so, 
as the temperature is further decreased As this component 
separates, the remaining liquid becomes richer in the other 
component, until the composition of the liquid reaches a 
value at which both substances begin to separate simul¬ 
taneously as an intimate mixture of solids. This composition 
is the eutectic composition and the temperature, the eutectic 
temperature. 



10 • Eudyptula: —C: Represents some birds belonging 
to the penguin family. Penguins cnmpri.se 16 to 18 species 
which belong to six genera They are most fully adapted to 
extreme cold and to water The species differ with respect to 
head pattern and size, but are dark hacked and white bellied 
Penguins belong to the order Sphenisciformes. The smallest 
penguins are the I'ttle blue or fairy penguins (EuJvptula 
minor) v/hich are about 40 cm in height. Young penguins are. 
fed by regurgitation. Assemblages of half grown young 
penguins are often (ended in creches or "kindergaitens'*. 


WIN A PRIZE! 

E ach of the alternative answers given liy us is a word 
beginning in eu. Write out these words and send them to 
us along with a list of as many wonts as you can think of with 
the prefix eu. The longest list will receive a ftiU yearns free 
subsdription to Science Today. The closing date is 5 October, 
1984. FiUji^ing our May quia, you have read but not 
Rspondedf Sb we have extended the deadline to 5 August, 
1984. 





TO SOMEONE 
YOU LOVE 


eamlin 

PEN & BALL PEN 

PRESENTATION 

SET 

A fTroduct from 
CdfTTlin the makers of 
'nks & other quality 
stationery 
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petraLtirtvw2-,3-ind4''«^hcdt^ prows IdWh 

IKM moro dun SO ysws oUL bt «n to lodl scoMMtf, Sinw i| OUfa 
sHOfiipt i* ownnme its dnMln^ snroiiitgiivisf M«t|idno>4iOB<^^ 

i0WlMttmv(dts(Kb(!hwend)elen^ sn^ pidsnp «|^ III tmptow^. 
ab on COM mcMidngs, irotatsd sttsinp^ lha bHiW l|Wkbs|;i^ 

tostartths engine leaiBnftodralnbig of qmkpkif aadai^rifiatroilMdt^^ 

dMlnttaiV and iMindpt of points, a firm on tw 'tiUHy'l^ is itatly 

inMadfashasconwupynth a solid slate doUbkdasabirteEGOiisiiiiitalatscMi^ 

electronic qpdtlon lasQ) system with a and the starter motor abo fonctions for 

built in burglar alarm. a longer period becaule of its guick 

The 880 astern b capable of starting action, 

ah engine 0 a lowbatt^ voltage (upto With the S80 9 steni there U a fael 
7.5 V> against file conventional volt^e saving of ten In 20 per cent depending 

of 12 V and keeps the igmfion coil at a on the condifian of file vehicle, driving 

normal temperature. s^Ie and speed. Because of the added 

It elmunates contact breaker point power to the en^newlwtis achieved on 

burning. The point consumes only 100 third gear can be achieved on top gear 

milbamps. The system is not aflected by and fod is not wasted on load gears 



Pehif nninnwae only IflOssfilliaapa 

Cme has to be taken to chsck aparic 
( intaiiaito and the idiig gap has to bp 
I adfoatotf aceontingfy. * 

I Tim bwifiar storm dartca b ae fl wa t a d 
by any unaiifiiorbad entry into fita cwi 
f ftcanbacoH H actodtorilfiaora>bannat 

r and dktoi. If any of thb b nppgad 
y stonpUtiously tha burglar alarm butala 
t iMo aefioR. 

r Th owrcQind th^ wtaknessta of the 
k convenfiond breakar point method to 
engines, the firm also has dsvdopad a 
‘1 oontactiem triggering unit to oompafi* 
g UUly with the 880 ^tem. 

g The unit IS totally sealed. Hence dust, 
d oil or moisture do not afiect Its perferm* 

n anoe. The finng accuracy will remain 

iT constant at all speeds 



Contact-less device 
to measure jaw 
movements 


*he coaiact4esi device recorde the lower Jaw movemeale 


T HG Jcntal surgeon and orthodontisl 
riguirt an objeUivc measuring proce¬ 
dure of the jdw movements for the diagno 
SIS of jaw related diseases and the 
assessment of chewing habits, as well as 
dental dysfunction Previous procedures do 
not wfitk Without contact, therefore, they 
falsity the result 

Now researchers in West Germany have 
introduced a unit the Sirognathograph , 
which measures the law movements with 
out contact and displays them in real time 
in the three spatial planes with a high 
degree of precision The measurement re 
quires only a few minutes 
The magnet (5 mm x 6 mm x 9 mm) fas 
tened to the loWer incisors acts as transmit¬ 
ter for the jaw movement The positional 
changes of its magnetic field, for example, 
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IDEAS AND INVENTIONS 



Seanalag ekeinm mierngnphs of ideniicMl mtorocbreuits produced with (ri^t) and 
without the new contnet-eohancement maieriai 


during chewing, are detected by "antennae” 
to the left and right of the patient's head 
and these are transformed into electrical 
signals. Following evaluation by an electrO' 
nic device, the movement of the jaw from 
the start position can be read off digitally in 
centimetres. 

Technical applications for the measure¬ 
ment and recording of movements are also 
conceivable for the contactless measuring 
principle of the Sirognathograph. For ex¬ 
ample, moving objects in gaseous and 
liquid media. 

It IS possible to measure magnetic field 
changes of the order of only a fortieth of the 
Earth’s magnetic field strength. If the 
magnet moves within a measuring volume 
of 4 cm X 4 cm X 4 cm, the signal voltage is 
linearly dependent on the magnet move¬ 
ment. 

The sensor system consists of eight single 
antennae, the arrangement of which com¬ 
pensates for the influence of the (homoge¬ 
nous) Earth’s magnetic field. Each indi¬ 
vidual antenna contains a Hall generator as 
magnetic field sensor. Rods of soft magnetic 
material linearise the antenna characteris¬ 
tic. By a complicated electronic activation 
(pulse technique) engineers were able to 
considerably increase the sensitivity of the 
sensors and thus greatly reduce thermal 
drift and noise, as well as the influence of 
external interference variables 

New chip-making 
technique 

S cientists at the General Electric Re¬ 
search and Development Centre. New 
York, US.\, have invented a practjcal way to 
make next-generation microelectronic 
‘‘chips” with present-generation proce.ssing 
equipment. 

Their basic development is a “contrast- 
enhancement’' material that is applied to 
.semiconductor wafers at the beginning of 
the fabrication cycle. This coating greatly 
extends the ability of today’s process equip¬ 
ment to make chips with ultra-small ‘ir- 
cults 

Aided by the coating, GE researchers 
have fabricated experimental microcircuits 
with linewidths of only 0 4 micron (a 
hundredth the thickne.ss of a human hair), 
employing a commercially available optical 
projection system called a “stepper alig¬ 
ner". Without the coating, the stepper is 
limited to the production of circuit lines 
twice as wide—at best. 

Tins 50 per cent reduction in circuit 
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widths IS not the only benefit of the new 
coating. When employed in the manufac¬ 
ture of circuits with lines one micron wide 
and larger, it helps to produce chips with 
more precisely defined microstructures, 
resulting in improved operating character¬ 
istics. 

The new coating approach is developed 
by a team headed by Dr. Bruce Griffing. a 
physicist, and Dr. Paul West, a chemist. 
Basically, the purpose of the coating is to 
pick up a faint image from the optical 
projection system and convert it into a 
sharp circuit pattern on the semiconductor 
wafer. 

The main purpose of the research is to 
provide major cost savings for semiconduc¬ 
tor manufacturers by making it possible to 
produce advanced visi (very-large-scale- 
integration) microchips without having to 
purchase new processing equipment. Pro- 
ces.sing equipment typically accounts for 
about 40 per cent of the capital investment 
required to set up an integrated circuit 
production line. 

The vaiious types of optical systems used 
in chip-making are employed to project the 
image of a tiny circuit pattern (contained 
on a photo negative like “mask”) onto a 
semicohductor waf^*' coated with a light- 
sensitive photoresist The wafer is then 
etched to remove the exposed parts of the 
photoresist, leaving behind the desired 
pattern. 

This approach has served the .semicon¬ 
ductor industry well over the years. 1 lowev- 
er, as manufacturers continue to reduce the 
dimensions of the transi.stors and other 
elements they cram onto microchips, the 
lenses employed in optical projection sys¬ 
tems have begun to reach the physical 


limits of what they can resolve. 

At present, most commercial microchips 
have circuit lines with widths of two to four 
microns—-although 1.5-micron chips are^^ 
beginning to appear in the market. 
semiconductors manufacturers press to¬ 
ward one micron, the projected circuit 
images tend to be poorly defined because of 
lens resolution limitations, making it diffi¬ 
cult to produce chips that meet specifica¬ 
tions. 

Ge's contrast-enhancement material 
overcomes this limitation with the aid of a 
“photo-bleachable” dye. This dye is normal¬ 
ly opaque, but becomes tr?nsrirent v.-hen 
exposed to light of a certain wavelength 

The special dye used has a combination ol 
characteristics that makes it ideal for this 
application Most important among them i<; 
its ability to absorb light selectively. Oncf 
bleached, it readily transmits high-intensity 
light while, at the same time, remaining 
opaque to all other light impinging on it. As 
such only the areas of photoresist that 
should be exposed “see” the light. 

In addition, the dye is compatible with 
common photoresist films. It can be put on 
tup of the photoresKst without disrupting 
the film’s integrity And the material can he 
completely stripped off so that the photore¬ 
sist can then be developed as if nothing had 
ever been dune to it 

The new process is extremely easy to 
implement; only two additional processing 
steps are required—one to apply a thin 
(0.3-micron) layer of contrast 
enhancement material (this is done with a 
spin-coating apparatus identical to that 
employed to apply photoresist), ana The 
second to remove the material after the 
wafer has been exposed. 
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• WlldlMa Managamant Tachniquas R. H. Giles 

• A Manual of Wlldiifa Conaarvation Richard D. Teaque 

• Wildlife In India V. B. Saharia 

• Bustards In Daclina Harsh Vardhan 

• The Rod In India Henry Sullivan Thomas 
FORESTRY 

• SOCIAL FORESTRY IN INDIA K. M. Tiwari 

• WASTELAND DEVELOPMENT ft ENVIRONMENTAL 

MANAGEMENT through COMMUNITY FORESTRY R. N. Tiwari & O. A Mascarenhas 

• COMMUNITY FORESTRY MANAGEMENT 

FOR RURAL DEVELOPMENT R. N. Tiwari & O. A. Mascarenhas 

• Integrating Agriculture A FORESTRY K.M.W. Howes & R. A. Rummery 

• FOREST FARMING: PROSPERITY FOR INDIA James S. Douglas. Rotert Hart & S. Ranganathan 

• VALLEY OF FLOWERS Frank S. Smythe 

• Improvement of Forest Biomass P. K. Khosla 
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... what causes muscle /X fatigue 



W ATC'M the Marathon winner towards 
the end: close to total physical break¬ 
down, he runs forward propelled hy will 
power alone, eyes rullmfj. lungs sobbing for 
breath, drenched in sweat, with muscles 
trembling in extreme fatigue.- he stumbles 
forward in agony to collapse in the arms of 
officials waiting at the finisti line 

What causes tins muscle fdiigue'' Ttie 
question is of fundamental importance 
because the perb'rmance ^»f physical work, 
an activ.w with which tatigiie is intimately 
related is one of the basic physiological 
functions of an anmial 

When the athlete is pounding across the 
Lack his muscles are constantly conveiting 
chemical energy into mechanical energy 
and heat 

M tias been Ifuind that when a skelelal 
muscle IS made to contiact lepcatedly 
beV(Mid its normal limits ot use. the phv 
siological efficiency of the muscle dimi¬ 
nishes gradually and fades off leading to 
fatigue 

A muscle can he legardcd as an engine 
and like any engine it obtains its energy 
essentially from the “burning ot iuel ’ The 
energy is provided in I tie form of an energy 
ricti molecule ATP (adenosine triphos¬ 
phate). Release ot energy from the splitting 
of ATP into adenosine diphosphate (ADP) 
and phosphoric acid is what powers muscle 

go ^fSOKNCE TODAY. AUGUST 1984 


contractions. The ATP must he synthesised 
continuously as there is no appreciable 
store of It in the muscle. It is also 
resynthesised from its products as soon as it 
IS broken down. 

The “fuel” which is burnt to manufacture 
ATP in the first place is the food->-mainly 
the sugar, glucose which is stored in the 
mu.scle. When glucose is metabolised one of 
the products formed is pyruvic acid. If the 
athlete is performing at relatively moderate 
or steady rate blood oxygen available is 
adequate. So the aerobic metabolism is 
predominant and the pyruvic acid would he 
broken down and carried away from the 
muscles as carbon dioxide and water Ope 
mole of glucose thus generates a remark¬ 
able 37 molecule.s of ATP, which is the 
driving force for muscular activity. The 
energy available thus lasts long enough to 
run a marathon 

During moie vigorous and strenuous 
work out the supply of oxygen from the 
blood IS inadequate. This is because the 
heait, although working tti full capacity, 
cannot beat fast enough to provide oxygen 
in required quantities This leads ^o tissue 
hypoxia that is reduced oxygen content. The 
anaerobic meLiholism then takes on with 
the result that the accumulated pyruvic 
acid IS converted to lactic acid. Not only is 
this mechanism le.ss efficient as the ATP 


production is low but the lactates start 
attracting calcium ions from the surround¬ 
ing tissues. Coasequently the muscle freezes 
and pain ensues. The stift muscles cau.se 
soreness. This leads to fatigue and ultimate¬ 
ly exhaustion and this is called as lactic 
acidosis.' Only when the mu.scles are rested 
does recovery take place with the blood 
flushing out the accumulated lactic acid 
If the muscles are subjected to still more 
strenuous exercise they may develop foct 
necrosis in the fibres leading to lealuge in 
serum of the muscle enzymes, like CPK 
(creatine phosphokinase), aldolase and 
further elevation of lactic acid levels or 
lactates. The muscles fibres may become 
.slightly swollen this explains the soreness or 
tenderness of muscle following iinaccus 
tomed exertions 

It IS said that the injection of blood from 
a fatigued animal into a rested one will 
produce overt manifestations of muscle it*- 
action IS observed to become tremulous 
movements are les.s adept and the coordina 
tion of agonistic, antagonistic and synergic 
muscles is less perfect, the rate of breathing 
increases the pulse quickens and the blooo 
pressure rises. These changes bear out 
the hypothesis that fatigue is in oart a 
manifestation of altered metabolism. ^ ^ 

Pribha Srinlvasen 







Colgate's 
triisted formula works 
to give you clean, 
fresh breath... 
strong, healthy teeth 
every time you brush. 


Odour- and decay-causing bacteria 
grow in food particles trappwd 
between your teeth 

ppHn Colgate's unique active foam 
[v'TijT > cf'’i j f eaches deep to remove dangerous 
rvlrIiWQ.1 food particles and bacteria 

PBIPIII Result' Fresh breath confidence, 

1 1 I 1 I protection against decay, 
t -L-1- ‘ J strong healthy teeth 

Remember to brush with Colgate Dental Cream 
after every meal. Stop bad breath fight tooth decay 


Ybu'll love its fresh minty taste! 
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SMP 


ULTRA-PURE ELECTRONIC 
GRADE MATERIALS 

Special Materials Plant, Nuclear Fuel Complex 

Hyderabad 


The Special Materials Plant is country’s 
premier organisation engaged in the 
mariufacture of a variety of high purity 
materials used in electronics industry; 
nuclear, defence and space applications, 
research organisations and general 
engineering Industry. Since 1972. SMP 
is producing a number of materials some 
of which are listed alongside. Besides 
supplying these items to about 400 
consumers in the country — both in the 
private and public sector—SMP has 
exported its high purity indium metal to 
West Germany. The value of the 
materials supplied to the Indian industry 
so far exceeds Rs 60 millions. A number 
of programmes are on the anvil to serve 
the Indian industry even better in future. 

Trade enquiries to 

Manager, 

Special Materials Plant, 

Nuclear Fuel Complex, 

Hyderabad'500 762 [AP]. 

Phone No. 852350 Ext. 247 
Telex No. 155 304 
CABLE: ‘NUCFUEL" HYP 


Antimony 

99 999% 

Arsenic 

99 999% 

Bismuth 

99 999% 

Cadmium 

99 999% 

Gold 

Gold potassium cyanide 

99.999% 

(68% gold) 

99 99+% 

Indium 

99 999% 

Lead 

99 999% 

Magnesium shots 

99 99% 

Selenium 

99 999% 

Silver 

99 999% 

Tellurium 

99 999% 

Tin 

99 999% 

Zinc 

99 999% 

Potassium Tantalum fluoride 

99 9% 

Tantalum pentoxide 

99 9% 

Tantalum powder 

Capacitor grade, 
metallurgical gr 

Tantalum sheet, rod,wire, heater, 

shields, crucible and other 
fabricated shapes 

As per order 

Sodium Iodide 

Optical grade 

Niobium pentoxide 

Zirconium & Titanium metal 

99 9% 

powder and hydride 

Micron size 




THE BRITISH INSTITUTES 


THE TRU STED CORR ESPONDENCE COLLEGE FOR OVER SO YEARS 

|| I Hi, British Institutes with ewer SO yeers, 

■ II k expertise hes helped ever a million emhitious men 

il ■ and women attain success in their chosen careers. 




'Correspondence education has stood the test 
of time and established its efficiencyV said 
Sbri. B. D. JATTI. 
former Vice President of lr\dia 



CAREER ORIENTED DIPLOMA COURSES in BUSINESS MANAGEMENT. Industrial Management. Export Management. 
PERSONNEL MANAGEMENT. Sales Management. MARKETING MANAGEMENT, Office Management. MATERIALS 
MANAGEMENT. Business Training. Business Letters. Personality Development, Banking. Accountancy. Secretaryship. 
JOURNALISM. Commercial Art, GOOD ENGLISH, French, German, Russian, MECHANICAL, Electrical, Aeronautical. 
AUTOMOBILE. Architecture, Civil, Chemical. TRANSISTOR RADIO. Radio. Television, TEXTILES, Rubber. PETROLEUM. 

—-iComputerProgramming,REFRIGERATION, Industrial Chemistry and Diesel Engg.Metallurgy. r ■ - 

Toole and Kite Executive Secretaryship, Executive Development Wo ero officially 

euppitod for SPECIALISED TRAINING FOR A M I E (India), A S E. (LONDON). N P C. Superviaoru, crB'lVlM''cantra 

Radio luff and NT Entrance, Cert A.I I B . D B M (I M C ). D Com (Accounts Si I Tau). D Com for Cart A.I I.B . 

Transletor Radio (Bankino), D Com (Coaling). D Com (Bus Org ). D Com (Coy Sac ), A C S (India). D Com (IMC) 

__ 8i C A Entrance Probationary Officar'a Exam BOBM.(IMC) 

engf courtae iMmlnatlone 


euppitad for SPECIALISED TRAINING FOR A M I E (India), A S E. (LONDON). N P C. Suparviaors, 

Radio Inn and NT Entrnncn, Cnrt A.I I B . D B M (I M C ). D Com (Accounts Si I Tnu). D Com 

Transistor Radio (Banking). D Com (Costing), D Com (Bus Org ). D Com (Coy Sac ), A C S (India) 

-_ & C A Entrance Probationary Officer's Exam 

cnn coMnsB 

— _I •ALSO EXKRT COACHING FOR BANK PROBATIONARY 

OFFICERS' EXAM * APTITUDE nST FOR DBM (IMC) EXAM 

Our FREE CAREER GUIDE win halp you eoloct IlHI BRITISH IBITITU1ES&b/B2J •• O Bo> >o 

tho right courso ACT HOW f 


Write cedey. tend coupon, come pertonefly or 
1 cofopBone 2Si75S 

THE RRITISH INSTITUTES 

5b/B23.P O. Sox 1025. 3S9. D N Read. Bombey-400 02) 
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COMPUTER CALL 



ADMlSSIury 1 
fJOriFICATION 


JOB ORIENTED DIPUMIIA 
^COMPUTER COURSES 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


Advanced Computer Programming 

Cobol Programming _ 

Baaic Programming _ 

Fortran Programming 
Pascal Programming 

Data Base Management _ 

Word Processing _ 

Console Operations 
Data Entry Operations 


NandOmeo 

BOPS/ITI 

103, Hind Raiaathan Bldg 
Dadasaheb Phalke Road 
Dadar East 
BOMBAY-400 014 
Tel. No 448422 
B D P S /I TI 

Krishna Cinema building 
lai Floor, Shivaji Chowfc 

KALVAN-421 Ml 

B D P S /I TI 

Alankar rinema Building 
Near Railwray Station 
POONA-411 001 
B D P S /I r I 
Mathura 
Wowroy Lane 
Shivaji Road 
NASIK-422001 
BOPS/ITI 
Dhanwatay Ashram 
Malviya Road 
Sitabuldi 
NAGPUR-12 
B 0 P S 1 T I 

Dr Bansod's Compound 
lal Floor, Maltakdi Road 
Near Central Bus Station 
AMRAVAT1 
B D P S 1 T I 
Geeta Niwas 
Raiurkar Building 
Maidan Aad 
ANMEDNAQAR 
B D P S /I T I 
24/A, Woods Road 
Opp MadrasaAllam 
MADRAS-600 002 
Tel No B11275 
BOPS/ITI 
No 18 

Old Bank of Baroda Street 

Ambattur, 

MAORAS-OOOOU 

I r liB DPS 

14/A, Devaraian Street 

Vedachalam Nagar 

CMINGALPET003001 

BDPS I Tl 

No 7 "attabirama PiMai 

Street 

Tennur 

TRICHI-020 017 


‘‘We’ve 22 computers including sysbme S-500 
multi-terminal -16 bit system at Madras as weil as 
Apple II plus-TRS'BO - IOM-S30 and Lax-SO computer 
systems in our Laboratories which are exciusively used 
for practical training to our Students” 

We have Overseas Recruitment Division, registered by 
the Govt, of India. 

Successful candidates wiil be short iisted for possibie 
appointments in big organisations. 

jom BDPS BECAUSE BDPS IS THE BEST 


C O \ TA c T 

B.D.P.S. FOR ^ URTHER Df TAILS 

- 1..^ BUREAU OF DATA 

PROCFSSIMG SYSTEMS 



BDPS/iTI, 

No 4. 

Jag Jaavan Ram Straet 
Shanoy Nagar 
<NaarGovt Hospital) 

MADURAI 025 020 

B DPS.ITI 
1sl Floor R S Building 
141, Rangai Gowder Street 
COIMBATORE 041001 
B D P S I r I 

81. Cherry Hodd 
Opp PWD OffKC 
Near Reserve Line 
Kumara&amypany 
SALEM-030 007 
B D P S ‘I T I 
Nr> 1?, Isl Floor 
Sniiifi Cdr Street 
TirunelvelliTown 
TIRUNELVELLI-027000 
B D P S I n 

No 1, A perunduroi Road 
Opp Saihya Moorthy 
Hospital 

New Ravi Fhaatre 

EflOOE-030 000 


BOPS/ITI 
22/1, Katpadi Road 
1st Floor 

VEaORE-B32004 

R 0 P S 'I T I 
No B Viciuria Road 
Near Head Post Office 
TUT1CORIN 
<T Nadu I 
B D P S 'I T I 
89 Gandhiyadiqal St 
KUMBAKONAM - 612 001 
BDPS I TI 

167 Kamatchi Amman Koil 
St 

Opposite K 11 dan Theatre 
PONDICHERRY. 005 001 
BOPS in 
27, Mh Cross Road 
Gandhi Nagar 
BANGALORE-500 009 
Tel No 2MI4 
B 0 P S /I T ! 

2% 9lh Mam Jrd Block 
Jayanagor 

BANGALORE-560 011 

BOPS I Tl 

873, Narayaria Sashn Rri 

Opp Mahadeswara Temple 

MYSORE-570 004. 


BDPS/ITI 
Doepok Building 
Bannanje, MaIpe Road 
UDun 
BOPS ITI 
Omker Building 
Vidya Nagar 
Mam Ru id -1 
HUBLl 580021 
BOPS in 
Shivayan 

Opp Lmgrai College 

College Road 

BELGAUM-590001 

BOPS in 

Bharat Building 

Room No 40, Jrd Flooi 

K S Rao Cross Road 

MANGALORE-575 001 

B D P S /I n 

Jagadhinivas 

1st Link Road 

2nd Cross Road 

Salhyanarayan Pal 

BEIJLARY 

BOPS/ITI 

4th Floor. Vellho Bldg 

Near Municipal Garden 

PANJNM-GOA. 


BOPS/ITI 

3rd Floor, Owaraka Bldg 
Near Cine Lata 
MARGAON-GOA 
403 801 
BOPS/ITI 
Melquiedes Building 
Behind Judicial Court 
VASCO-OA-GAMA - GOA 
BOPS/ITI 
Shankar Building 
Below Poornima Lodge 
Anaa Bhati 
MAPUSA-GOA. 

B 0 P S /I T.l 
Parvatf i Mandiram 
Near Dairy Farm 
Pnttom 

TWVANDRUM - 095 004 

Tel no 65651 
BDPS ITI 
10/415E 

Moideen Palli Road 
NearCnrp Bus Stand 
CALICUT-673 001 
BOPSilTI 
38/80 Convent Road 
Near Convent Junction 
Ernekulam 
COCHIN-682011 
BDPS ITI 
3rd Floor 

336, Chandralok Building 
Office Complex. S D Road 
SECUNDERABAD - 500 003 
BOPS/ITI 
118, Prakasam Road 
Opp Town Club 
T1RUPATI.517 501 
BOPS ITI 

3rd Floor, Above Dena dank 
Opp M S University 
BARODA-3M 005 
BOPS ITI 
Co Si Xavier's English 
High School 
Khasmahal, Tatanagar 
JAMSHEDPUR 
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If you're over 18, 
and have stopped g;rowihg, 
but are still not as tall as 
you’d like to be, INSTA-HEIGHT 
guarantees to increase 
your height upto 15 cuts. 

"INSTA-HEIGHT is a new. safe and 
scientific method of s-t-r-e-t-c-h-i-n-g- 
your body to increase your present 
height Permanently Thousands of 
men and women in the U S.A have 
reported height gains of upto 15 ems 
by following this revolutionary new 
height increasing method 1 am not 
surprised I have thoroughly analysed 
INSTA-HEIGHT. Unlike other so-called height 
improvements methods. 1 can fully endorse 
INSTA-HEIGHT-and say it works. Effectively 
and permanently" 

Dr. (Mrs) D. U. GIANANI 

TAIL MEN AND WOMEN DOMINATE OTHERS I 

You cire judged by youi looks onen, your whole caieer 
depencl*; on ihe fiibl impre&Mnii you create Look around you 
and see for yourself, most people who are successful have the 
added asset of a tall and imposing personality 

INCREASE YOUR CHANCES FOR SUCCESS I 

The taller a person, the more easily he seems to leach social 
■rucce'is, love, sports, jobs and other pleasures. You loo, can now 
enjoy the benefits of being tall. 

Whether you are 18 or 30, you can still possess the tremendous 
assets of a striking figuie Just 2 weeks after going through 
and practising this simple step-by-stop course, you will be 
able to gain as much as 5 ems to 15 ems, in height 
men md women in America have experienced phenomenal 
height increases by following the revolutionary new 
INSTA-HEIGHT method 

SPECIAL 7-nAY MONEY-BACK GUARANTEE ! 

It<ISTA-HEIGHT (a division of Business Development Associates) 

3/305 Navjivan Society laminplon Road Bombay 400 008 
Please rush me your Insta-Heighi programme immediately under yoiir 
one week guarantee period If I am not satisfied I understand 
I can return it within a weak for a full lofund (less packing and 
postage)—no questions asked Please tick □ oppropriafe bos 

□ I am tnclosing Rs 27 (Plus Rs 3) by cheque/Bank Oraft/I P 0 

□ Money Order for Rs 30 sent (MO No-dated - ) 

□ I am not enclosing any noney but shall pay postman Rs 30 un 
delivery by VPP 

Name-- 

Address- 








Your Course 
toaCareer in 
Banking 



Bank Recruitment tests are consi¬ 
dered toughest among the objective 
competitive exams Examination 
blues and jitters are not an 
uncommon spectacle at Bank 
Recruitment exam halls 
In *hese intensely competitive 
exams—and particularly those of 
Bank Probationary Officers — what 
ultimately leads you to success is 
not only how well you prepare 
before the exam,but also how well 
you gear up yourself to think 
spontaneously while you are in the 
examination hall What a cacKlidate 
therefore needs most is the TOP 
OF THE WORLD FEELING, before 
and during the exam in the 
examination hall 


NSB accomplishes exactly this 
critical task A candidate, who 
studies thoroughly, our specialised 
Books and matcnals.- developed 
and perfected over the years—can 
alone marshal his mind and 
thoughts to accept the gauntlet 
and challenge of the P O 
examinations Besides, our unique 
and well-known achievement of 
having succeeded in building a 
parallel Question Bank, years of 
specialisation and research, analysis 
and on-going study of P O exams, 
their changing patterns—and timely 
revision of our Courses—is what 
has enabled NSB to fully unravel 
the mystery or Bank P O exams 
and place our students—arnl 


resultantly NSB—on the Top—as 
a coaching Institute of All-India 
repute and unrivalled distinction. 

No worKler our students join 
Banks as Probationary Officers and 
Clerks, in their thousand^. 



NATIONAL 
SCHOOL 
OF BANKING 


Inclidn EdiK-anon Society Campus Ash Lane 
(Babrekar Marg) Off Gokhale Road (Norm). 
Dadar. BomtMy 400 OZB 
Phone 46OZ80. Grams BANKSCHOOL. 


JOIN OUR BANK RECRUITMENT PROBATIONARY OFFICERS COURSE TO PREPARE FULLY FOR THE 
FORTHCOMING STATE BANK OF INDIA P.O. EXAM. 
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Be((inninii a new series on recent 
developments on the solar enerfty 
scene 

17 Harnessing the Sun 
byR. L. Datta 
19 Water heaters 
byH. P. Carg 
24 Cooking hy the Sun 
by H. P. Garg 
27 Solar driers 
by K. D. Mannan 



36 The beginning of ‘the end of cancer 

hy Sushilkumar G. Devare 
Whal causes cancer^ How does the 
normal cell division go haywire? 
Bookshelf/Nodelling the mind 
Kxcerpts from the best-selling 
critique of computers 
by Joseph Weizenbaum 


47 Controversy^Hexagon grid 
smoothens traffic flow 

by R. Subramanyan 
The case for the hexagon is so 
strong that it is surprising that it 
has been ignored so far 

50 Leukaemia laid low 

byAnuradha Sowani 
The bone marrow of a nine-year-old 
blood cancer victim was 
transplanted in Bombay last year 

54 When Shigella struck... 

Dysentery in epidemic form raged.in 

West Bengal 

byBimalBasu 



64 Close encounter of the fourth kind 

Science Fiction byArun Sadhu 
An exciting new serial 
70 Resources for tomorrow 
Zirconium: Atomic apparel 
hy C. K. Gupta 

4 

COVER ILLUSTRATION BY MUKUND TALWALKAR 


7 

This World of Science 

hy R.K. Laxman 

9 

Close Encounter 

Scientific developments have set in motion changes in social mores 

10 

Feedback 

Potable water - a pipe dream 

12 

Science Shapes Life 

Tricksters do not do it with cold tiand.s/The big banger shoots kidney pain dead 

30 

Consulting Room 

Tuberculosis: The killei tamed A *.Ranytiekar 

r 

Fun with Naths 

Exciting calculator keyboard/Magic square/Number mosaic 

34 

Round-up of Research 

Growth factor receptor In a new domdin''/Viral foot-prints m breast cancer 

39 

Scientifically Speaking 

Tinted tones Av (•iliion Valladares 

40 

Women and Science 

Soybean: The wonder food hy P. Cupta 

57 

Review 

Scientific photographs that literally made historv 

58 

Awards and Appointments 

l)r. Bliidc, Pc»ona Varsity VC /Dr. S. Varadarajan, Director General. ('SIR 

58 

Brain Teaser 

Island of questioners hi/ S.G. Deshmukh 

59 

Youth Forum 

Letter to a young scientist hy Prof. Yaah Pal 

63 

Blurs and Bright Spots 

Laughter unmasked* Grin and bare it! 

f. 

Ideas and Inventions 

Easy method to detect jaundice hy C Copmathan 

79 

Tell Us... 

What 1 $ stereophonic sound hy Kissan JosephiSanjay Kumar Shrivastava 
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The single source Company in Steam, Water and Air Technology offers... 

Standard Demineralisers 

7 

lAIC Standard Demineralisers 
can be used for any kind of raw 
water. They have a low capital 
running cost and are very handy 
for demineralising small ' 

quantities of water. 

These Demineralisers are available in 
a standard range of 50-1000 Itr./hr. 
beyond which they are custom-built to 
the customer's specifications. Exclusive 
to these 'package units' are-their acid and 
alkali resistant FVC construction and 
operational simplicity. lAXCare pioneers 
in Standard Demineralisers and 
leaders in this range. 



Manufactured by 


lArc 


INDIA LIMITED 


Regd Office & Works 196, LB S Marg, Bhendup, 

Bombay400078.Tel 5616191 (5 Lines) 

• 43, Dr V.B. Gandhi Marg, Bombay 400 023 
Tel: 244019/244033/244120 

Branches-•Batoda#Delhi• Kanpur /KssociaieOffices: aBangalotaeCalCMnaeMydefabad •Madras. 


Dattaram lAEC 529 /V/84 


START A PROFITABLE 
INDUSTRY 

a) 150 Brief Project Profiles based on Machiner¬ 

ies from Taiwan, West Germany, & India Also 
some Profitable'New Processes developed at 
N.R.O.C. Investment range 5 Lakhs to 100 
Lakhs Rs. 150/- 

b) 50 Project Profiles: Investment upto Rs. 5 

lakhs Rs.50/- 

c) 50 Project Profiles: Investment upto Rs. 1 lakh 

Rs. 50/- 

The cost payable in advance by 0.0. or M.O to 

M/S. Mona Associates, 

15 S.J.P. Road. Bangaiore-2. 

Also available complete feasibility Reports/ 

Assistance/Know-how/Collaboration/Import/Con- 

sultancy in Marketing 



Do-it-yourielf kits 


Jefking kits are designed to let your child pick up the basics of 
e'ectronicsiwhile he builds a number of interesting and 
engrossing protects And at Rs 125/- it's the 
best way to introduce him to the electronics 
age 



Jellclng: 350, Lamington Rood, Bombay>400007 
Phone 357101 Jetking Electronics Pvt. Ltd. 3830 
Patoiidt Hou%- Doryagoni, New Delhi - 110002 Phone 
260458 Jotoge Eloctronict: Lomingfon Road. Bombay- 
400007 Phone 350041 India's HoMy Contre : Opp 
Plazo Cinemo, Connaught Place, New Delhi 110001 Phone 352111 


APPROVED IN ELECTRONIC CLASSES OF SECONDARY SCHOOLS 


, a SCIENCE TODAY. SEPTEMBER 1984 
*• ao • - 
































PHIUPS] 


Fast, economical analysis for the iron & steel industry 


6 reasons to choose 
Philips PV 8020 spectrometer 



For further information on PV 80?0. please contact 
Philips India Scientific & Industrial Equipment Division. 

Block A Shivsagar Estate. Dr Annie Besant Road. Worli, BOMBAY 400 01B 


1 UaworlefiMBifBlMi 

The spectrometer measures 20 pre¬ 
selected elements, and is factory 
calibrated for low to medium alloy 
steels and cast irons However, it also 
has the capability to analyse stainless 
and high speed steels, should this 
be reouired 

2 Compact oonstniclloii 

Compact, rigid construction, with 
built-in thermal and mechanical 
insulation means that no special 
facilities are necessary Hence 
expensive installation costs are 
avoided 

3 Prodalon mamifactuffo 

Special laser alignment and precision 
manufacturing techniques are used to 
ensure that the highest standards of 
construction are maintained A long 
trouble-free operational life is 
therefore assured 

4 Easy to use 

You do not have to be a trained 
analyst or computer operator to use 
the PV 8020 Shop-floor personnel 
can prepare and load the sample, 
type Its Identity on the typewriter-style 
keyboard, select the analysis 
programme number and push the 
start button The instrument does 
the rest 

5 Total cusloiitor support 

Comprehensive documentation is 
provided by us on how to make the 
most of your spectrometer - 
if necessary, arranging on-the-spot 
instruction 

6 Powerful capability 

The system offers the advanced 
performance of the HP 85 computer 
and a comprehensive software 
package 


Philips—the trusted Inclisn household name for over fifty years 
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POTABLE WATER- 
A PIPE DREAM 


Wc arc happy to read “Potable water 
within our reach” (June, 1*^84) The Con¬ 
sumer Guidance Society of India tested five 
brands of water filter candles and only 
Sudarshan brand yielded sterile water. M/s. 
Sudarshan Klee trical Industries Pvt. Ltd. 
Thane, (MaharashtraL are our licensees fur 
the manufacture of water filter candles 
developed at the Central Glass £ Ceramic 
Research Institute, Calcutta. The candles 
developed at the Institute have been thur- 
oufjhly tested at the National Environmen¬ 
tal Enftineering Research Institute, Nagpur. 

Even sewarage water with high bacterial 
count was bacteria free after filtering 
through the candles. Indigenous law mate¬ 
rials are used in Ciindle-manufacturing. 
The candles are impregnated with culloidal 
silver which disinfects watei. Several 
hypothesis are there to explain this disinfec 
tion action; silver ions interfere with the 
metabolism of bacteria ultimately killing 
them; the bactericidal action of silver ions 
destroys coliform, staphylococci and 


typhoid bacteria in water; and silver in ionic 
concentrations, as low as 0.006 to 0.005 
part per million, is lethal to E. coil. 

Tile published article gives an impression 
that ceramic fillers eliminate bacteru by 
filteration. This might only be partially true as 
It is the bactericidal action of silver ions that 
gives completely sterile water. Candles impre¬ 
gnated with colloidal silver are often marketed 
as stersyl candles. 

P S. AGGARWAL 

//mtf. f'eramKs Ikvision. 

Cmtral Jit Cenamn Hmfonh Institute 
Cukutta m tm 

The article is informative. Almost all 
common water contaminants are men¬ 
tioned except fluoride ions 

Fluoride concentration in water is almost 
negligible in India, though in some villages 
of southern Andhra Pradesh and northern 
Tamil Nadu, it is one of the major water 
contaminants, ranging from 3 to 8 ppm. 
The use of this water causes decay and 


yellowing of teeth, and weak gums. Thi.s 
observation was made by a team of Delhi 
doctors in a survey of a f^ew villages in AP. 

Fluoride concentrations, well below 0.5 
ppm as in tooth pastes, is good for teeth 
and gums. But slightest increase in its 
concentration is harmful. A few wells in 
south-east Africa have water with fluoride 
content of 30 to 35 ppm and a lake has 
fluoride ion concentration of 60 ppm! The 
problem wherever present needs attention 

PRADEEP SHENOY 

P C Sandodkhiq, 

Kotshet, lhane 4006(17 ' 


Nora colleges in AP 

Tlie article "There is unemployment 
ahead for engineers” (May, 1984) by Mr R 
G. Varshney and Mr. B L. Agarwal. is 
informative and analytical I would like to 
add the names of .some more engineering 
colleges in Andhra Pradesh.' 

Name of the Imtitu- Type of Dura Qualiti- 
tion& Affiliation Institu tionnt cation 
turn (ourse 
(years) 

VasaVI College of Govl 4 Inter 
Engg H/derabad, aided 
Osmania Univer¬ 
sity 

Matun Ver.tata 
Subba Rao Engg 
College. Hyrier- 
obad Osrnnnia 
University 

BapallaEiigg Col¬ 
lege, Bapalla, 

Guntur Dt Nagar- 
]una University 

K.L. College of 
Engg, Vaddesh- 
warain. Guntur Dt 
Na^arjuna Univer 
sity 


From 1983-84 the intake in all private 
engineei ing colleges in ap is restricted to 40 
in each course, as the AP government has 
banned capitation fees 

V. SUDARSHAN 

turvr m (mi/uw 

!• numeerinff i hU»'qf 
HuderabadSnOOU 


lOvekananda knew it all? 

Regarding the article, “Two Cheers For 
General Relativity" (May, 1984), the simi¬ 
larity betw*een the conclusion.s of spacetime 
singularity and the Vcdic teachings by 
Swami Vivckannnda showing that Hindu 
philosophers visualised the evolution and 
involution of matter and Universe in a 
similar way. is being realised by .scienlisLs 
today Volume II of 'T/ie Complete Work of 
Swami Vivekananda" reads. 

"Out ol what has this Universe been 
prodiued then^ From a preceding fine 
I’nivei.se Out of what ha.s man been 
produced’ The preceding line form. Out of 
what ha.«; the tree been pioduced’ Out of the 
seed, the whole ol (he tree wa.s there in the 
.seed It comes out and become.s manifest. 
So, the w'hole of this I niverse has been 
cieated out of this very Univer.se existing m 
a minute form. It has been made manifest 
now. It will go back to that minute form, 
and again will be made manifest Now we 
find that the tine forms slowly come out and 


become grosser and grosser until they 
reach their limit, and when they reach their 
limit they go hack further and further, 
becoming finer and finer again. This com¬ 
ing out of the fine and becoming gross, 
simply changing the arrangements of its 
parts, js it were, is what in modern times 
called evolution. This is very true, perfectly 
true, we see it in our lives. No rational 
man can possibly quarrel with these evolu¬ 
tionists. But we have to learn one thing 
more. We have to go one step further, and 
what 15 that’ That every evolution is 
preceded by an involution The seed is the 
fine form out of which ttiP big tree come^. 
and another hig tree wa.s the fi^rm which is 
involved in that seed. The whole of this 
Universe was present in the cosmic fine 
Universe. The little cell, which becomes 
afterwards the man, was simply the in¬ 
volved man and becomes evolved as a man. 
If this IS clear, we have no quarrel with the 
evolutionists. " 

Hence, the Hindu philosophers had con¬ 
clusively visualised the nature of all matter 
and Its existence in a cycle of evolution and 
involution Scientists having understood 
evolution are now also approaching the 
theory of involution based on mathematical 
theorems of general relativity according to 
which all matter would be compressed to a 
point with infinite density. 

PRADUMAN KR. JAIN 

1! Mandevttie Gardens 
Calcutta 700 OJ9 
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Proton decaiy 

Five experimental groups with detectors in 
India, Japan, Switzerland and in Ohio and 
Utah in the US, say they have recorded 
phenomena that could possibly be inter¬ 
preted as occasional decaying of protons, 
the building blocks of all matter. But they 
j "yli out that the ribservations could be 
e\rfl^ined in other ways too. 

The actual proof of such decay would 
have sweeping implications, for protons 
exist in the nucleus of all atoms and their 
decay \^uld gradually destroy all matter in 
the Universe. The destruction would not 
occur, however, before the passage of 
billions of years. 

The reports of the five groups were made 
at a meeting recently in a ski resort near 
Salt lake City, USA. The Japane.se experi¬ 
menters came clo.sest to making an out¬ 
right claim of finding proton decay. They 
said that the advanced equipment placed in 
a mine at Kamioka appeared to have 
^recorded two such instances. 

The physici.sts working at Lake Erie 
USA, have concluded that the average 
proton lifetime must be greater than 
200.000 billion billion billion years. The 
experiment appears to have mled out one 
postulated process in which a proton would 
decay into a position and a pion of zero 
electric charge. 

One reason for the intensive search for 
proton decay is that it has been predicted by 
several so-called grand unification theories. 
Such Ihefirics seek to incorporate most of 
tlie basic forcr s of nature within a single 
theuietical framework Over the last two 
\edrs a team, with a detector m the Kolar 
gold mines of India, has reported several 
.suspected proton decay'. Us representatives 
told the Utah meeting of a new one, 
bringing the number of seemingly strong 
candidates to four. 

PRITHPAL SINGH 

-Yi Orfti fttiaJ 

luhu/ta >11 014 

Resources for 
tomorrow ' 

The article "Vanadium —the Vitamin 
Metal" (June, 1984) hy Prof M.A. Nabarwas 
informative. J would like to add some more 
points about its medicinal value in 
homoeopathy. 

Meta-vanadate of sodium is used as a 
•j^nic for the stimulation of appetite in eail)^ 
tuberculosis, in anorexia with states of 
irritation of gastro-inte.stinal tract and in 
aneamia. In homoeopathic Materia Medica, 


mention is made of a cure of fatt>' degenera¬ 
tion of li\'er and atheroma of the arteries 
with vanadium in a man of .seventy. 

N. SOLAIYAPPAN 

/hfntm^thic Clmn 
h^%t Bargt Ntigar 
Dnt hdial/Hir. M P 


Seminar on 
environment and 
human survival 

The Nafional Council of Science 
Museums. Govt of India, is organising a 
students' competitive science .seminar on 
Environment and Human Survival' during 
July, August and September 1984 

The seminars will be organised in each 
State and Union Territory at block, district, 
state and national levels, the top winners of 
all the block level .seminars in a district will 
also participate in the district seminar and 
so on The top winners of the state level 
seminars will finally compete in the nation¬ 
al seminar at New Delhi, on 12 October. 


r. K. PALIT 

Sr IrUbrrt'dtHin Awt 

Nittnnal (hum il uf Vntn r Museums 

19 A Curusaday Hoad. Cakutta TOO 019 
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A second look at 
earthumrms 

The popular belief that earthworms vastly 
improve soil fertility ('Crowing Greenbacks 
From Worms'. April 1984), could well be a. 
myth. 

The estimate that earthworms in rich soil 
turn over about 27 tonnes per hectare in a 
year, amounts to hardly 0.25 cm per year, 
even when spread out .uniformly. This 
cannot contribute significantly to impro¬ 
ving soil structure or chemistry. Moreover, 
earthworms cannot survive in poor soils 
and hence they lannot improve soil fertil¬ 
ity They cannot carry out photosynthesis 
or nitrogen fixation, and are. therefore, 
con.sumers of energy leading to a decfine in ‘ 
soil fertility, and not iLs producers. The 
allegedly higher potassium and phosphorus 
content in earfliworm castings (as com¬ 
pared with surrounding .soil) is due to 
vegetable matter in the worm's diet. 

in .short, presence of earthworms in soils 
that were already rich in fertility has led to a 
confusion between cause and effect. It is 
high time scientists took a second look at 
the matter without preconceived notions. 

T S. RAMAN 

MHrabtiiloyy Iktnswn 
lAHl. Neu> Mht 110013 


Animal communication 

1 am a scholar in animal behaviour. The 
article *How Animals Communicate* (May, 
1984) was .superb, though mainly putting 
forth general viewpoints 

1 would like to mention the latest de¬ 
velopments in faunal-communication, 
known as Traco-Analysis Models (TAM) Tam 
also has its branches in chemical communi¬ 
cation of animals For example, the sex 
pheromone, trans-? dodecenvi acetate, of 
the false coding moth. Argyroplacv Icucot- 
reta^ is used by the oriental truit moth, 
f'^irjphuliiQ molcata), as an intermediate 
pheromone between sex and alarm basics. 

'l\vo modes ol the action ol pheromones 
have been recognised on their recipients 
The first has a relcaser effect of a particular 
phi'romone by which the behavioural re- 
sponse.s or cur immediately The second, 
the priming effect, is slower, but often 
longer-lasting response is oriented with 
endocrine glands or is of morphogenetic 
nature. 

K. RAVISHANKAR 

Ihtdupei Mount Road Host, 

Madras 60 tKXKl 
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MMIRD-SHAIVBRS and utefcstan in 
%nteffon are often depicted with colil, 
aimmy hande. Though ky fingen miy 
«dd a einlster touch to the Idot. they are 
tneomictent with vHlalnoui behaeiour. 
Cold hande, in fiwt, impair manual 
deitcriiy. y/bf b thii ao7 
The anawer liee in the fact that hand! 
have a relatively large lurface area to 
vohmic ffltio and 10 are pMifeulariy 
auioqitible to odd. Under arid oondi* 
Hone* Anger eensftlvily or dcitcrity la 
fMiicb ivdttG0d« 

Sdei^ at the Nattaial BuHding 
flciearctt imtitute, Pretoria, South Afri- 
ea, tevee ti ga t e d the dWerencee betwewr 
vadoui groupe (men and women, efaitee 
and hhckl) in their peitbrmanoee with 
Ooid Angeri. Snhiccta wore normal fac- 
teiy gear (boiler auRe for men and lab 
ooBte for women) over their everyday 
cjMhes. 

> Thor were made to tie knots, thread 
glodli, scriw nuts onto piates and insert 
tgllndrieal pegs Into holes at teirgiersp 
lures ffC. 17K, 18^) and 84C. Their 
< Anger akm tempemturcs (Psn) were 
recorded by means of Uwrmooouples 
taped to their middle fingers. Ihey 
‘ found that at air temperatures below 
, gd’C, vHUtes tend to have warmer fin- 
dm than blacks. At an air temperature 
' «AC,whites performed at 87 percent 
* of their performance at 24*C whereas 
blacks dmwed the same per cent per¬ 
formance at 12*C. White femaies re¬ 
tained the highest dexterity among the 
groups followed by white males, black 
femaies and black males. 


Bums get computerUed 

T he mhabitants of Caen in France 
need no longer be impatient wait¬ 
ing anxiously for their bus every day 
Thairics to microchips, the bus has 
become an ideal means of traruport 
The central depot of the CTAC (the 
Transport Company of the Caen Am) 
has bmn equipped with an extremely 
sophisQcated computer system ciriled 
"Alex” Alex’s brain never stops think¬ 
ing, calculating, seeing and foreseemg. 
The buses, fitted with microchips, can 
be inonitorcfLfirom a central station. 

Since GaMT buses got their mic- 
.rochips. the busdrivers’ proeedwe hat 


ISO 




"fop ilfor"!r Tfte efadfoafc fodkufor 
SUttI 9t ku afop 


t 


bcoome a ritual. Every morning they 
tdie a bluck ceesette into their buam and 
put it into a eoit of oonaote near their 
steering wheel. Then they hear a voice 
giving detaib about the dally mutes of 
all the lines. The different phases of the 
routes are visually reproduced on a 
amali acreen near the microchip. 

Also, eveiy driver knows if he is 
behind or ahead of schedule, where die 
nest stop IS, and what alternative 
routes to tala If there is too mudi 
traffic. The microchips can abo diagnose 
mechanical faulb, and, with a sy*tom 
linked to the et^, even record die 
number of passengers who get inside the 
bus. Eadi atop is fitted with a 'Top 
Ales”, whidi b a computerised panel 
linked to the central station, so that one 
can know the arrival and fopaiture of 
the next bus, at any tune. 

ChrlsHane Fdgvrstlea 


Ndw cheminb found 
on comet 

C OMETS arc believed to be as oM as 
our siriar system which is nearly* 
four billion years old. They are said to 
oruiinate ui a huge spherical cloud 
surrounding the solar sy*fo>n (Oori 
cloud), where they are present as frag- 
molts of ices (frosen gases) and dirt. 
Once they enter the sobr kingdom, 
sunehlnc vaporises the iocs, the mixture 
of gases and dirt forming the famfllar 
tfowitig tall. The oompact region whidh 
hohb the solid matter is called die 
cometny nudeus. 

Astronomeri are ttymg heed to flgbre 
Old the chemical ooaHneitioooifeeiMti. 
Itbugh ctthefa iiroi* fonned tt dtt se^ 
time as dtojofor Qbteto, dofwece 
MbiiMJtoiMtngtaMMfo 
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86MnMWim ••" 
tMtol Hi wmi^ 
vjiwt AiBfipi^ mpf^ 

M tiiMd br 
fMlb tifUcil. 
AliMMbAniNflWPf 
11 MMtain UMtttM: Mmm of 
fl^iMi, iifii^t iUUMc 

flionw^• iMttnr. tfUbrttis mirii nkh 
w ledlunb iMtHihwA Mdoa^^ 
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nnniig iw iipK iv^ 
lBr«tilgMjA 

■llQBOniACH k An IM oMipulir 
n^yitm kMeh ohooioi At conoct 
Mbot fer ooInFAc In^uiM tiA* ft Ino 
boon A o o lo i M b)r llolwt TBipm and 
Hnv noMF of Aa ComiNrtir 
DoOMTliMnt of Goaocrf Mdton, (MA. 

tnow and ndnM a onn en f nd od on 
robot fnalnmning tFiFlM niMch 
iDifittf AmIm Mbof MolldMi. Thiit 


tm i m u ik tlkB IlfllMbil 

iMeoiMtiHiroMiftiwantidpiilcil 
FtilldllM M HfW of tflKlIlit^^ 

VQDOli illrHUIUIIillL 

RoWAwbf collNN^^ 
jfiWBiiiniPi ui nii fnwwpniif 

robot Md AciMi^ ofMhoid 
Anaand AonF A tcMniiimnM 
Ar taiimk. ft can oonMoir 
Mitation or a ^ wlA mb 
lion of a«v aM and laibct An 
tftHt fa II 

fto o b ainio i o o t i dt fttbnlftAoantn 
to i^iob'Bfii M fa wovk* 
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Mot an cboRiical modoo mnirtad Imm 
boon oonduokoly abown A A tmuk, 

Comot, iniiadnld^Aleodc, Ao lOu^ 
A ontar Ai aoiar AotoA A MMS, (Mood 
OHila an aaettmamt u it oBrad a 
unAm awMlunlA iA eomataiy obaa^ 
vara ft dona dooor A tia than aiw oAor 
A ftr (at tochaaatnn Mar li UWvIt 
AA annott AA nrilHeii ton ftwi At 
MA, ntlla mofo than 10 Anm Aa 
dWanea AMoon. The oonwt wa dfot 
IdontMed A a niediA Afimad obloet br 
AoJnfmwdAaliononileif SotattiA dOAtt 
And ***** l/dtr dJicoiftrad IndOOindiiltb 
bt> ban ama tiur mtmemtm Gonlehl 
Andd A Jibait and OtoUto Atoock A 
nuRUMiiJi tfliiifvittoni 

mBBBHBW VpHF wOiwWA 

til brief aafoum hawo 
conaldinhft now taMamatlon on 





GiniB out iiidlh fidfaifiB fa tfa Ofiiino^ 
of aulphiir dAwr (mm aaan baibnt) 

J m^alAfa Afam 

BWMl ^ni^Du^nnB liiini UH 

w>'BFfbb ^^rBBBB 

IntaniatmAl intnaMot Aqriorar a^ 
nto. Tho aulOhHr nAioddA. ooidbAd 
A a Adlon doA A Aa nudeoa. oQiild 
bane bain ImtAd, KbA <Ar by the 

faidliltaii Ilf dfl w B4iwh t*».difln(a|nlnrf 
dBiefai bi fldi faia 

iipiim bbhaIi w mmi|w# siiiiinoiiiBii 

bwn Aa Aalaio datnwraical Obaorva* 
Ary A Itriy. hava obotoitaidiad At 
eomat (am ^ aObetreaeopie anafy^ 
da of Aa oiriMa aparinnn hA Avaadod 
many mmf mdaeulaa. Naariy 400 IbM 
ham boon obtained but many am yat A 
ba anaiyaod. The pvAanea of mytmd 
hydragan antybUi and aidahyda tffooi 
bavc been oiwIUbad Ar Aa flrat Ana 
A Ae viaihia apaetnnn (naver obaaived 
baAra on any mtranomiod obfaeri. 
Thfy aim hiM A Adr luipa d Hat 
ArmabAMda, mdaeiilA of deutariuin* 
airbon*eaygtn <ncu). NH 4 . liua* 
iiddMioodt haib A aAirt, fim a bA 
booat A comotaiy chamiatiy. 


BBift pnkr BootfMwtB 

A HUSBAND-wiA toaiiL Dr. Tom 
thtadwhp and Dr. Sw OiacA 
mom* bm* dariiad a mm caiaatt* 

&te Mit JBlilt huiiito iliiB. 
I idM'lNMBfib of Mhfa fttnr 1^ 
ftfifflMnWtWfwHhwiiyilit 

dB oBlftHkfatt lih» miftMiB dyiBtf 


It dljtarlad wlA Aa dacAn’ owb^ 
Mf gM Bmity. dt bhKh BmOy nm|j 

BqppiiBxlV iB|li * i fPBfBWI ymfjf WBU m F ^ 

aounA A Aa ImyAri. TbA Fm Mi 

BIB IM W MWBmfipilllllinillinBM 
him flfloiindi rtiiftiibtn PHliiTid 'TM j 

BjfJFW BfB bb^pb ^fb^hbbvbbb 

■mhiIi diviiid A miiBltt tdivif fafa ^ 
aAlby .onttAg a cord; Bttta A|B(!| 
marioiidAatadiiiiAM A lOffiAuAim^ 
Aa aF A Aur fflonAd 'vl 

^ bdbynyaraAd tape dFir bna bli^ 
r a w a ria iiiiitiiirii a amall af a m i i mQtlliii ' J 
BBT JoiMipinhM a ifitaMPHArn 
ebwiit IVa anna wMb mkronritM'lj 
mtand abom 20 m ouir At oot bmi« 
ThiM an atladied A iMA long lonoAll 



V 







i. 

. tMMrfiW with rittgswMch can Iw 
. i^'lwMAwlhy babies The baby, lyins on its 
I.) back, can easily gnb the rinif and thus 
•'hpefidb (he cassette player To play both 
'"'taiaette players simultaneously is hw> 
^'^eealto as pullmt on one han^ auto- 
c inatically disengages the secamjl pliamr. 

* And the baby must continue tahm the 
handle for music to eonUmia. 

In a few trials carried out on bbbies 
‘ between seven months and two years 
using three types of mus i c ■baby- 
soothing sounds, nurs^ rh y me s and 
classical music, induding Beethoven^ 
Third Symphony-ointcsestiiig reniits 
were obtained. Dr. BbehoMse observes: 
"In one eaperiqient, over a yerfod of 24 
days tbeir tastes changed. At ftut th^ 
pnlerrid the baby^iother nwf^ 
the nureen' rhymes end flndbf were 
leaSy ‘hooked’ on Beethoven. It would 
seem that though they like niwtlc thsitls 
pillar and predictable, this eventually 
bom them and they prefor aosnethbig 
mote etonpheated.’’ 

/ Now even nucraontniMien have been 
connaeted to the Qwtem. Thqr monitor 
S W number of times a baby ‘pfasM* a 
; V particular type of music at different 
'' ffmea of the day and night Chances of 
’ eommerdaiising such a ‘sytitem’ are 
: Ugh, with advantages to parents. 

;! 11m Ug buitftr shootB 
: ItMmDf palit dend 

MACHINE that shatters kidney 
atones is now m routine use in the 
Johannes Gutenberg University Clinic, 
Mama, West Germany Known as the 
Ifthotr^r, which literally means “inak> 
ing the sUme flow freely”, this revoiu* 
tionaiy machine uses electronic shock- 
, wave bombardment. 

The idea emerged from military and 
aerospace research It was noted that 
: American bombers disintegrated in 
midair during rainstorms. Labomtoiy 
studies later showed that the constant 
impact of ram drops on an airframe 
generated soundwaves that shattered 
' brittle matenals. tn tune the possibility 
^ of using soundwaves to bre^ kidney 
A atones was investigated and the lithcft- 
rtpter was the result. 

During the IHhotripter treatment, the 
patient is mtuneimd in a ic^ bath of 
hmiaed water. Two X'ny television 
cameras QettaiM fight) scan IMS rib<afa 
and abdomcA to locate the Iddncy 


stones. The surgeon can then tram his 
shock-wave gun-lights on them, ready to 
Mast 

The Masts are synchnmised with the 
patient's heart beat which is measured 
by an ECC (electro cardiogram) machine 
The Masts are fired through an electrode 
at the base of the bath 

The litliotnpter treatment has several 
advantages over cnventionai surgeiy 
The maxunum duration of a single 
treatment is 45 minutes, the patient can 
be up and about %vithm four hours and 
can be discharged after three diQrs. The 
harmful effects are negligible and the 
maximum Mood loss u about 20 cc. 
Surgery entails a 14-day hospital sby, 
followed by a month for coiniaiescencc 
and the possibBity of wound infectioii) 
inunobHisation, Mood loss of upto four 


litres and ctmsideraMe pam. Besides, 
repeated surgeiy destroys Bte kidney. 

Kidney stones can be formed dirough 
an excess uric aad in ffie system. 
They occur either as densely packed 
balls of calcium-aome even as large as 
a grape fruit, or as antler-shaped 
‘stMhom stones* whose branches All 
several kidney tubules. They are impos¬ 
sible to Aush out since tiny are likely to 
cause bfockages that could infodt or 
permanently damage the kidney. 

fdsai Futures) —4UB Sp tewr 

A mmly pioUmb 

F M maiVt excessive peiipirtition is IB 
emMariwtipg piMiltm wBfc sasilb 
ly liMg^ rottbtoilMeaandiiiifrM 
add Atotoa. Vito saint te 




nr iliMiiaiii m 
wtfBiilb WBMNit' 



wyftjjy- ^ 

■ to»iwy j pw fr i wft 
( il tt^ 'IlM I|k0« 

ill»MM(««r4i>ltl(> 
(henfarrintete 

itof 

*<4^1.4 iHto-^fcct flf Wi 

tiKliit* i> tlMl tbe 4d^ 
aora iv the acUM^ «f At MtHito 

lAible enmeioing atrapine imp he 
malkd A thoM whp awaat A Adriiandi 
and felt Ihh <hiig aleen the actMhP df 
the tfhtMh. But it alee has sMe »«tfcc U 
iflee stamaeh upsets, Ay tfaraats and 
awulh» and tdwrad idsien. 

A .hpAmdue hnomi as iontophensb 
mey sUse be uscfid. A kw>levehelcctrie 
cunertt is passed iMo the skn which 
plugs the glands and avoIA the 


As a last resort suffeieia can also opt 
Isr surgery. SUn in the armpit contain¬ 
ing tho largest concentration of neeat 
tfiindsinaybereimived.Otheraltema- 
twc IS Am severing of nerve Supply to the 
armpits. 


New tfarngg to tmt dUbitet 

[lABETIC patients need worry leu 
'now as drugs. oQier than msuhn, 
arc on their vny. 

Espe n ments conducted by Dou^ 
Coionan and his colleagues at the 
Jackson Laboratory, Bar Harbour, USA, 
(Endocrinology, US. 1, 1964) iuwe 
'Aehown that certain set-steroid metabo- 
'«htes prevent diabetes m mutant mice. 
These imce, which arr prone to obesily 
and adult-onset chahetes, serve as good 
models for tests. 

Diabetes m humans is a lesidt of*a 
hormonal imbalance on agemg. Hits can 
now be corrected by dietary hormones 
or metabolites The researehen found 
the two metsliolttes of dehydro^ian- 
drostcrone—and 3g hydroxy 
etwcholanohin e " Wny efbetive. These 
were able to prevent the degeneration of 
insubn-producing pancreatic cells and 
avert diabetes. 




SjpMesAilMtticiqp 

lifHBN Itatfh B. SMp I# (he Har- 
IRfmird Ecfa^ ef Hidielnc. (MA. 
Mgtfia^ fw a cmhwhW enm at 
na m tfAUWl hi MMttt 


Aiato found g u d bm i^o n alaH-metai 

cwtato d r awbad a andheOaroed tothe 
ctfwidk indiiiliy Hot httktf UiBie Ht 
Ibnnd his ^enwaV hi A* wim of a 
crystalline, higli-aliimina eeramic. 
whidi was orlgtaifB^ used to iMit‘‘tpaw 
fMMrii fil fticifwki wl otter 
hiduslHei. KbIm as Ce ra i tar a Croim, 
the BMlertai It rnade by (toofs Bartdialn 
Coraptny and httroduced bp Johnson 
and Johnson l>ntai Anoducto Oornpan^ 
It has a ptensa Ih, naluiai ku^ It 
eaeeptio ns hy strong and highly resistaHt 
to hast and eold. lit Aegginp above, tha 
tootti taeond from the left wears this 
onwn. An added aAuitagB h that it 
decs not blodi dental Items as melal- 
contahiing caps do, 

EavimuiitaliBitg Klim «n 
nadnarwulg dHKipliig 

F our years of legal struggle between 
the Uraversih' of Caltfomia at Los 
Angeles (UCLM and ttie (fommittee 
to Bridge Aw Gap (an antfnuclaar, 
anvirenmenlal greup) hm led to the 
decMon of dienianAiiig Aw ucu re- 
jwarch leactar. Attempts to renew the 
Uccnee of the reector have foiled. 

The (kmunlttee in Its legal ergunwnts 
daimed that the reactor posed un- 
aeewtaUe risks as a potential source of 
nuhation end a target for terrorist 
attach”. Daniel Hirsh, president of Aw 
Committee has put m hard work to 
unpiess on afl Aw uiuvemtws to initiato 
s(^ to “improve safely and security 
measures”. He has forAwr hibbwd for 
sMdlching from hiAi-cnnched (bomb- 
grade) hid to low-enridied uramum m 
ail university reactors 
Ucu authorlAes, however, claim that 
Aie reactor was being closed purely for 
economic reasons, not many nuclear 
engineering students or focidty mem¬ 
bers were usmg it Oiw professor cannot 
justihi the hi^ cost of operation. Overt 
period of next Ave years, the reactor wiH 
be dwinanAed at a coat of S300,(X)0 to $ 
1 million. 

Envitonhcntalists have scored a vw- 
toiy un amttwr rriated front too-dw 
dnpDsd of ladioacttve nudear wiites. 

US Pbry was recently foiodd to 
abandon a pirn to gieman^ and duMip 
Mite 30ft Aaifoim itedtar nAteiriMii 

^ * . -b , 


Ktot. baeause of pmmim hmif 
totoKKnM flroupfedlh CaUfeHtt 8^ 
iMAdtensiod the (B BnvlniMiiMM 
PnScOMi Aii^ SN fhe Mavy todto V 

itetoppr-’ ---* 

mentsatl 

merit focUWesI 

OMPftltae 

IhouAi the epent Bial SWto^ 

marine maotoia wen to bo r 

FiP^f in® cwwpppimiiWpi _ FI u 

vpMd foaie of peaPla mo veaw wt gjj^ 
mdieactMto tom AwintooiKiae I 
to inarine Bfo. Sutonariha partly 
te¥f mite 4ee>M a 

kfeMauel rwhoaetlm 
when toadumping has been I 
bp the US in 19701 wr .4 



CsaywiBifiPklldb 



and Hema G., tom 
Nagar, Bonfotor have sent to 
In teto Ato g hdbamattofi. They toy 
they cMek Atoir finger ntfe or 
tatnehlil’ under ap water in a 
pfootic bod^ a dUinh mctoBiC 

b iMduced. 




‘The same (kH nmmttaitt 
budify. Kw can come oof 


IlMy mede sure Aiet the louad was 
not produced by any mdaltlc vibmtkm 
by removing Aw handle of Aw budnt. 
Hw laignr the vdume of water. Aw 
more metallic and unpreisive was Aw 
•ound 

They abodfehrimeldlh; tongs under 
suMilar cmdAioK Kd found that the 
mctaific sound wee pcodoced only A a 
poiAon of the fmgto'Wd* oiiteMa wafer, 
Wwii the tongs wore cntiwly ffippad, 
Ihe sewidl wMdifll and irnMnetaSh 
AnpetotoMSm 









£cieiiceJ1astef 


UNIQUE POSTAL COACHING 

I IT (JEE) & PMT (CPMT) 


SALIENT FEATURES 

* Course is open to all students irrespective of their percentage of marks 

* Only course employing DRILL TECHNIQUE. 

* Comprehensive and Detailed Study Material 

* Answer sheets thoroughly checked and evaluated. 

* Practice papers patterned after actual question papers 

* Students' difficulties entertained and answered 

* All study material is sent by registered post in four instalments 

* Free copies of Dictionaries (Physics. Chemistry, Maths/Biology) 

+ Directory of Engineering Colleges/Medical Colleges -f SCIENCE 
MASTER upto June, 1985. 


FEE: 

* Rs. 700/ 

* Rs. 600/ 

* Rs. 500/ 

* Rs. 350/ 

* Rs. 150/ 


age of 


- - less than 70% marks in the last examination 

- - with more than 70% marks in the last examination 

- with more than 80% marks in the last examination 

- - with more than 90% marks in the last examination 

- - WITH MORE THAM 93% MARKS IM THE LAST 

EXAMIMATIOn LIMITED SEATS IN EACH CROUP 
marks refers to %age in PCM in last exam. 


Send remittance with two copies of passport sized photographs and one 
photocopy of marks sheet to; 

fidnieei^kwtmr CorfMpondtiiM Cowms 

B-9. Rattan Jyoti. 18 Rajendra Place. New Delhi-110 008 
Phone 5712137 
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HARNESSrNG 


THE SUN 

R. L. Datta 


I n a remote village in Bihar, tribals 
draw water using solar pumps. Near 
Bangalore, a railway station is run 
on solar cells. I-arge hotels and 
industries in cities use solar energy to 
heat water, and .so on 
Despite such sporadic bright spots 
acro.ss the land, the solar energy scene 
in India is still dim, or is the Sun just 
rising over the energy .scene? Future 
developments—both technological and 
economic—will decide. 

Why solar energy? India has a high 
intensity of .solar radiation for much of 
the year m many regions (on an 
average, 550 calories per square metre 
per day). It also has vast arid and 
semi-arid areas and a high percentage 
of the population living in widely 
dispersed rural areas and which is 
avers to sophisticated technologies. In 
the rural areas, covering over 466,000 
villages, the essential requirement for 
energy is for cooking, lighting, water¬ 
pumping, drying of agricultural pro¬ 
ducts and their transport; though 
mainly farm-based, small indu.stries are 
slowly emerging in these areas, need¬ 
ing some power, locally produced. 


To obtain this energy for rural areas, 
at least 20 million tonnes of coal and 
2.5 million tonnes of oil are burnt 
every year besides the use of a huge 
quantity of electric power. Much of this 
energy requirement is at temperatures 
below 200”C. Such energy, in most 
cases, can be obtained from renewable 
and sun-derived sources, while the 
large power needs of the urban areas 
can be fed from the national grid by 
increasing conventional power genera¬ 
tion. This will go a long way m 
conserving our scarce resources like 
oil. More important, it will reduce the 
relentless pressure on forests for fuel- 
wood. And. with increased use of such 
renewable energy, agricultural and 
scattered small-scale industrial de¬ 
velopment could be spurred in rural 
areas. 

In general, .solar energy can he put to 
a variety of uses—heating water, cook¬ 
ing, drying crops, pumping water, de¬ 
salination of water using .solar stills, 
refrigeration, heating and cooling of 
houses, mechanical and electrical pow¬ 
er production, conversion of agricultu¬ 
ral wastes into energy (biomass conver¬ 


sion), energy plantations, etc. Of the 
three main solar energy conversion 
processes, thermal conversion(convert- 
mg into heat, for example, for heating 
water, cooking, drying and low- 
temperature production) and biomass 
conversion seem to be on way to 
making a dent; conversion of solar 
energy directly into electricity (uSK^y 
photovoltaic or solar cells), although 
technologically feasible, has still to go a 
long way to be economically viable. 

The problem with .solar energy is 
that it IS too diffuse and intermittent. 
Devices to collect and concentrate it 
are, therefore, crucial, and so also 
devices to store it for use and materials 
with desirable radiative properties for 
making solar gadgets. Though exten¬ 
sive developmental work has been done 
in India and other countries on collec¬ 
tors and concentrators, storage devices 
and materials development are the ^ 
weakest links. 

Dr. Datta, who has been for long associated 
with research and industries relating to 
solar energy applications, is a member of 
the UN expert group on non-conventional 
energy sources. 


Status Of Some Solar Technologies 


iwUh tadutoUH^es used) 
AtaOCULTURE 
. trrifliUon punqiing, 
uiingiobrruiiune, 
sterling engine, solar 
cells, bi^igas engine and 
windmills 
Drying 

coilectoTS and 
chambers) 

Fdodstroage 
(Solar nftlgeration, 
solar cells, wind 
generators, biogas 
engine) 

Pertiliscr/hiel 

(BioconversionI 

INDUSTRY 
jHeding and cooling. 
(CoHeetoir. concentrator, 
adketlve'Suffke)' 


Except windmills, others are 
expensive now. Require MDto 
improve materials, collection and 
storage problems.' 

Mirror-boosting with drying to be 
extended to tea, tobacco, timber and 
all kinds of foodgrains. 

Feasibility established and substantial 
RAD required to increase efTtcieney of 
perfarmance of low-temperature 
devices. 

Works reasonably well. Studies to 
improve quality and quantity of gas 

Limited uses, for houses, hotelsand 
industry. RAD for honeycomb' 
colledors. solar pond, concentrating 
collectors of refractive and reflective 
optics, mirror booster, vacuum tubes 


Process heat for 
industries 
(As above) ' 


Being used tor low-pressure steam 
upto 120% ter^ and in hurndry. 
textile, dairy iri^tries. Possible uses 
for milk pasteurisation, sterilisation, 
phartnaceutical and chemical 
industries. Hot water and hot air (say 
110%) systems and higher pressure 
steam are to be develc^ 


Power production Except; windmills, others are very 

(Solar Ranfcine, sterlhig expensive. 

engine, solar cells, 

biogas engine and wind 

generator) 


Salt and marine 
chemicals 
(Salt and marine 
chcndcaisriowery 
technologies) ' 


Being used extensively, ()ptirdh«l o.'- 
design of salt forms foR^tlei;.«Ueiq| ^ 
ao)Bret«sigyneeded;'inc>efj|toaMi''' 
dFee,fffli!fom-|Mdue(ioB#;-'' 
foixed^ for'marOie c^k^x 
:... 
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Water 

H. P. Garg 

F all the commercial uses of 
solar energy, heating water is 
the only one that is econo¬ 
mically viable. Solar water 
heaters find wide applications in large 
establishments like hotels, hostels and 
hospitals, industries such as textiles, 
paper and food processing, in homes, 
.rid even in heating swimming pools in 
winter. 

Work on solar water heaters has 
been in progress for nearly a century 
now. Over 30,000 solar heaters had 
been installed in the US by 1950 but as 
cheap energy from fossile fuels became 
readily available, their popularity began 
to decline. Rapid technical advances in 
the last 30 years have made solar water 
heating viable again, and the obvious 
benefits can no longer be overlooked 
where the climate is ideal, particularly 
when the energy shortage is getting 
* acute. Simple to construct, they need 
almost no running and maintenance 
cost, and are competitive with electric¬ 
al water heaters. And they can be fitted 
into existing houses. 

Initially, of course, a .solar water 
heating system may cost four to six 
times higher than a system of the same 
capacity working on electricity, gas or 
other fuel, but over four to six years 
this IS more than offset by savings in 
the cost of operation and maintenance 

To heat w<iter with solar energy, you 
«need to trap and collect that energy and 
•'convert it into heat. For healing water, 
it IS not economic to concentrate solar 
radiation because the mechanism re¬ 
quired to follow the Sun through jhe 
year is complex and costly. Almost all 
solar water heaters are, therefore, 
based on flat-plate collectors—general¬ 
ly metallic or plastic plates (with tubes 
on them) which absorb the .solar radia¬ 
tion and heat water or any other fluid 
flowing through the tubes. The plate is 
covered with transparent or translu¬ 
cent glass or plastic which helps retain 
heat by reducing heat losses from the 
plate; the cover lets in shortwave light 
radiations (0.2-2.5 micrometre 
wavelength) from the Sun but does 
allow the longwave (4-40 micro¬ 
metres) heat radiations reradiated 
from the absorber plate to pass through 


it. trapping them inside (the ‘green¬ 
house effect’). The plate may be 
polished or painted black or otherwise 
suitably treated to increase heat 
absorption and also insulated at the 
side and the black to reduce heat loss 
(see box on p.22). 

Many variations and sophisticated 
systems can be built on this. And much 
pioneering work has been done in the 
USA, the UK, Australia, South Africa. 
Israel and India. Depending on their 
applications, range of temperature and 
capacities, solar water heaters can be 
grouped into four: 

(1) Swimming pool heater where the 
temperature rise is very low and where 
a simple plastic collector can be used 
even without any cover and insulation. 

(2) Built-in-storage heater where the 
temperature ranges from 40*^C to 60'’C 
and where solar energy collection, 
water storage and water flow control 
functions are combined into a single 
unit. 

(3) Domestic heaters where the max¬ 
imum temperature required is no more 
than 80'‘C and the collector and storage 


functions are separated; the storage 
tank being placed higher than the 
heater, water circulates naturally hx 
the temperature difference between the 
cold and hot water. While this thermo¬ 
syphon system is largely self¬ 
controlling, its capacity is usually li¬ 
mited because of the rather weak 
thermal gradient. 

(4) Large heaters for community and 
industrial u.se where a large number of 
collector banks (Fig. 1) are used. We 
shall discuss each of these. 

Since a very large volume of water is 
to be heated in a swimming pool, 
heating with fossil fuels, natural gas or, 
electricity is very expensive and, in 
some countries, prohibited. Much heat 
is lost by evaporation from an open 
swimming pool which can be prevented 
if the water surface is covered by a thin 
transparent plastic sheet. In large 
swimming pools, a mechanical roller 
system ma/ be used to remove and 
replace the cover. A double-layer plas¬ 
tic cover with an air space between the 
layers is becoming popular abroad. 
Such covers raise the pool temperature 



Fig, I FM-pkle colhclan 
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. by 5'<} to 10^. Since the temperature pool may be circulated through the rate storage tank. Simple and low in 

rise neded is very low, simple low-cost filter once about every 5 to 10 hours, cost, these heaters can provide hot 

.collectors (generally rubber or plastic Alternatively, the solar collector and water only during day. Among such 
panels) without any cover and the pool cover can be combined and heaters are the shallow solar pond 

insulation are also used. The collector floated on the water. Such floating water heater, built-in storage heater 

is placed between the filter and the heaters are now being marketed. and other low-cost heaters, 
pool. When there is enough sunshine. The shallow solar pond heater (Pig. 

the Altered pool water is circulated Built-in storage heaters 6 ) is essentially a pillow-like plastic- 

through the collector tubes where it is The collector in a built-in storage water bag, normally 4 to 15 cm deep, 

heated by solar radiation before it heater absorbs solar radiation as well as with transparent plastic at the top and 

returns to the pool. All the water in the stores hot water and there is no sepa- black plastic in the bottom; it may have 












Fig. 6 Some buOl-ln itangt mturhntm: shattm iokrpvad (above, left) plutiegHIm 
water beatar (above, right) and tttted waterdteaOng bay with glaas cover 



arrangement, a large funnel can be fixed 
at the top of the heater and connected 
to the inlet tube. Hot water can be 
taken out immediately by putting the 
same amount of cold water in the 
funnel. The water gets hottest, about 
50^, around 5 pm and then starts 
cooling. 'Hierefore, this type of solar 
water canot be used in the night. 

Hot water can be stored in the heater 
during night by covering the heater 
with about a 5-cm thick insulation 
blanket at around 5 pm till the next 
morning, or draining the entire hot 
water from the heater into a separate 
insulated hot water storage tank, or 
providing an insulated baffle pattle in 
the rectangular tank 
(a simple plate of some insulating 
material which divides the water tank 
and reduces heat losses from the lower 
side to the upper side) or providing a 
honeycomb structure (made up of spe¬ 
cially designed sheet of thin transpa¬ 
rent material such as glass or plastic) 
between the absorbing plate and the 
glass cover which reduces convection 
losses to the outside considerably. 
Built-in storage heaters are not 
generally preferred because they 
cannot provide hot water in the morn¬ 
ing and their temperature range is 
limited. 

So more than 90 per cent of the 
solar water heaten used around the 
world have saparate collectors 
and storage tanfci. In a conventional 
domestic water heater, cold water from 


the feed cistern is passed into the 
collectors where it is heated by solar 
energy. The water then passes to the 
hot water cylinder which is heated by a 
boiler (solid, gas or oil-fired) or an 
electric'heater. Generally, the heater is_ 
within the storage tank itself, thus 
saving one cylinder. A temperature 
sensor in the middle of the tank 
controls the temperature and activates 
the heater when necessary. In hot 
weather or tropical countries, auxiliary 
heating may not be required. 

Several designs of solar water heat¬ 
ing systems are possible, and no com¬ 
mon design can be recommended for 
use in all situations. Some of the solar 
water-heating systems are: direct natu¬ 
ral circulation thermosyphon system, 
indirect natural circulation thermo¬ 
syphon system, indirect forced circula¬ 


tion system, direct forced circulation 
system, single cylinder indirect forces' 
circulation system, and indirect system 
with air-heating collectors. Some of 
these are shown in Figs 7 and 8. 

Natural circulation systems 

in a natural circulation or thermo¬ 
syphon type heater, the storage tank is 
placed at a certain height (30 to 60 cm) 
related to the top of the collector to 
prevent reverse circulation during off- 
sunshine hours. In the morning, the sun 
heats the collectors, the hot water 
inside rises by natural convection and 
reaches the storage tank and the colder 
storage tank water leaves from its 
bottom and flows into the collectors. 
Thus water circulation is naturally and 
automatically established whenever 
there is enough sunshine, and stopped 


Components of a water heater 


S OLAR water-heating systems con¬ 
sist of flat-plate collectors, storage 
tank, heat exchanger, automatic con¬ 
trols, and pumps, pipeworks, valves and 
fittings. 

The purpose of the collector is to 
absorb the radiant energy of the Sun and 
transfer this energy to the liquid flowing 
in it. There are a variety of flat-plate 
collectors but a tube-in-plate type col¬ 
lector is generally used; it may be 
metallic or plastic with single or double 
cover and selectively coated or ordinary 
black-painted, depending on the temper¬ 
ature of operation and climatic condi¬ 
tions. The absorber plate may be copper, 
aluminium, steel, stainless steel, plastic 
or galvanised iron, often plated, painted, 
or chemically treated. The tub^ may be 
copper, aluminium, steel, stainless steel, 
plastic or galvanised iron, and the fluid 
may be water, air, water/glycol, anti- 
fireese mixtures, oils or silicone fluids. 

The storage tank (made of copper, 
steel, galvanised iron, aluminium, con¬ 
crete, plastic or even wood) stores the 


water heated during day for use when 
needed. The tank should be sized to hold 
between IVi and 2 days’supply of hot 
water. Electric or gas booster auxiliaiy 
heating arrangements are made; the 
thermostat should be in the middle of 
the tank, not in the bottom. 

As for water flow control systems, in 
thermosyphon-type heaters, where 
pumps are not used, there is no need of 
any control system. In a forced circula¬ 
tion or large solar water heater, a 
control is required whose primary pur¬ 
pose is to 'turn on’ the pump only when 
heat can be gained and 'turn off' when 
heat cannot or should not be collected. 
Several types of controls are proposed 
and used: time-switch control, tempera¬ 
ture or radiation-dependent control, dif¬ 
ferential control, proportional control, 
etc. Generally, an electronic differential 
controller is preferred which operates 
the pump at a predetermined tempera¬ 
ture difference between the hot water 
storage tank and collector outlet tem¬ 
perature. 


.JNL. niBOTTrinflAY iWIBTt***” 1984 

























t tg, 7 (right, top) Direct natural circula¬ 
tion or thermosyphon aystem of beaters. 
(Right, behw) indirect natural circulation 
system 

Fig. 8 (Above, left) Direct forced circula¬ 
tion water heater and (right) indirect 
forced circulation healer. 

when it is insufficient. Such a natural 
circulation system may be direct or 
indirect. In a direct system, the potable 
or service water is directly circulated 
between the hot water storage tank and 
^he collectors; in an indirect system, a 
fluid (such as anti-freeze solution, air, 
distilled water, or a heat transfer oil) 
other than the potable or service water 
is circulated in the collectors. A heat 
exchanger transfers the heat to the 
fresh water in the storage tank. This 
protects the collectors from damage 
from freezing in ver)’ cold climates. In 
a forced circulation system, either 
direct or indirect, water is circulated by 
a pump. The mam advantage of a 
forced circulation system is that the 
storage tank can be placed at a conve- 
liient location like in an attic or a 
bathroom. 

Collector orientation and tilt 

Collectors should always face the 
equator,- that is, true south in the 
northern hemisphere, such as in India 
and true north in the southern hemis¬ 
phere such as in Australia. Variations of 
20 degrees east or west of south (in the 
northern hemisphere) or north (in the 
southern hemisphere) are acceptable. 
If the heater is to be used in winter 
season, the collector tilt from the 
horizontal should be equal to the 
latitude (L) of the place plus 15 degrees 
.(L-f 15)“. For summer and year-round 
iise of hot water, the collector tilts can 
be approximately (L -15)° and 0.9°, 
respectively. A few degrees of variation 
in the tilt will not affect the perform¬ 



ance significantly, though. A square 
metre of collector area can heat 50-70 
litres of water upto 55''-60“C. 

Large solar water-heating systems 
can also be used for space heating and 
cooling in houses. Several such sys¬ 
tems are being used in the USA, 
Germany, Japan, etc. Here flat-plate 
collectors are used to heat water which 
delivers its heal, if sufficiently hot, 
directly to .space either through radiant 
panels or liquid-to-air heat exchangers. 
If the water is not hot enough, the 
auxiliary heaters and used. A more 
sophisticated but dependable system is 
the one which can supply hot water as' 
well as heat and cool the space as and 
when required. The Furukawa Electric 
Co., Japan, has dex'eloped such a 
system. 

In India, the direct natural circula¬ 
tion thermosyphon system as shown in 
Fig. 7 is used for domestic purposes. 
Here the hot water can be used for 
bathing, washing clothes and dishes, 
etc but not for cooking and other 
kitchen purposes, since it may be 
contaminated. Where hot water is to be 


used for kitchen purposes, indirect 
systems using heat exchangers such as 
shown in Fig. 8 are recommended. 

A domestic solar water heater of 150 
litres capacity, heating water upto 60°C 
with copper tube collector, costs 
around Rs. 4000. A 10,000-litre-per-day , 
industrial solar water heater, upto 
60“C, costs about Rs. 5.5 lakhs. The 
Government of India offers subsidies to 
encourage use of solar water heaters 
for domestic, industrial and agricultu¬ 
ral applications. 

But solar water heaters have not 
become popUlar for many reasons, the* 
main being its high initial cost. The 
second reason may be due to the fact 
that hot water is required for bathing 
only during 2 to 3 months in winter 
and hence it becomes highly unecono¬ 
mical for domestic purposes. For in¬ 
dustrial applications, solar water heat¬ 
ing holds high promise since hot water 
is required throughout the year and an 
industry can afford to invest the 
large capital if the payback period is 4 
to 6 years. Recently a large number of 
industries have indeed shown interest 
in the installation of solar water¬ 
heating systems. Over 80 large solar 
heaters have been installed in India. 

However, the quality is generally 
very poor There is no ISI specifications 
for such systems; even the collectors, 
storage tanks, etc, are not standarised 
from the performance or cost point of 
view. The user finds it difficult to get a 
solar water heater. Generally, he is not 
aware of its availability, its working and 
other advantages and limitations. He is' 
also not quite sure that the systeni^will 
work at all, as things stand today. □ 

Prof. Carg heads the Centre of Energy Studies, 
Indian Institute of Technology, New Delhi. He 
has been involved with solar energy studies, 
particularly water healers, far nearly two de¬ 
cades. 
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Fig, I Tht NmUoiuu Pnyshu LMbontoty, 
New Delhi, wee the pioneer In developing 
the focusing sohur cooker. The psrebohld 
cooker (ebove) It hed developed Is mode of 
olumlnlum sheet end snodlsed to protect 
Mgelnst corrosion end to ovoid loss of 
reflectivity. 

Fig, 2 (left) Hoi box solsr co^dsers with 
single reflector. The cooker tskes ebout 2 
to 3 hours to cook venous dishes. 

Fig, 3 (below) An improved soler oven, 
with 8 silvered glees mirror reflectors, 4 
sguere end 4 trienguler (see Fig 4), It 
reeches high temperetures, 250* to 35(FC, 
end food cen be cooked in 25 to 75 


minutes. 


T IS a simple tei hnology which has 
received much attention but has 
found no success Not yet anyway 
Much effoTl has been made in the 
last centurv to develop a solar cooker 
And where such cookers have been 
demonstrated as in India Morocco 
Mexico Haiti Mali and elsewheie 
they have been poorly accepted mostly 
outri(;htly i ejected Though there are 
over 10 models of solar cookers around 
the world today none could b( mass 
used 

Why IS this so^ The reasons are 
several--economic, social cultural and 
technical Most of the solar cookers are 
expensive and beyond the reach of a 
common man for whom it is meant 


Almost all conkers cannot cook food at 
night nor on cloudv davs Food has to 
be cooked outdoors The cooker takes 
verv long to cook and can cook a few 
dishes only Finallv cookers now avail¬ 
able are not dependable nor durable 
they cannot withstand rough handling 
and though requiring frequent 
maintenance cannot be repaired Iol 
allv 

If these problems could be tackled 
solar cookers could come to be used 
widely Indeed properly designed and 
carefully introduced they represent a 
much needed appropriate technology 
for millions of people around the 
world For commercial fuels like coal, 
kerosene, electricity and gas cost in- 
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creasingly high or just not avail¬ 
able; the over-exploitation of forests for 
firewood has caused extensive environ¬ 
mental damage (2000 million people 
are estimated to be short of fuelwood 
by the turn of this century, anyway). 

But the point is, one must know who 
S the intended user is, and look at 
technology development and adapta¬ 
tions from this perspective. Solar cook¬ 
ers are advocated for rural people who 
use firewood, agricultural waste and 
dried cowdung for cooking. These they 
get free, though at a great cost to the 
agricultural economy. Because of deep- 
rooted social habits and illiteracy, the 
practice will continue, unless the gov¬ 
ernment intervenes. And this is possible 
only if some alternative means are 
provided. 

^Types of solar cookers 

Solar cookers developed so far range 
from the simple hot box type to the 
sophisticated advanced hot plate type. 
These can be classified into three 
groups: hot box type, direct or focusing 
type, and the advanced type. 

The box cooker is a double-walled 
box made from locally available mate¬ 
rial such as wood, metal dried bricks, 
cardboard and bamboo mat with some 
cheap insulation like dried grass, hay, 
straw, sawdust, gram chaff and cotton 
at the bottom and the sides and a 
double glass cover at the top to retain 
heat inside the box (by the greenhouse 
effect). The inside of the box is black- 
•f^ned to increase heat absorption and 
the cooker is placed in the open to 
receive solar radiation. The cooking 


vessel is kept inside the box. Generally, 
this type of cooker is used only for 
warming food but can sometimes be 
used for cooking food by boiling. 

The performance of this simple box 
cooker can be improved by using a 
reflector, a sheet of polished or electro¬ 
plated looking glass or aluminised plas¬ 
tic hinged to one side of the box, which 
reflects solar radiation into the cooker 
and enhances its energy input. Several 
reflectors, either collapsible or fixed, 
are used on all sides of the box for a 
solar oven (Fig. 3). Some box cookers 
are shown in Fig. 4. 

A typical box cooker is the single¬ 
reflector cooker now being popularised 
by the Government of India. It is a 
double-walled insulated metal box, the 
inside painted black (with boiler paint). 
A looking glass reflector is 
hinged to one side of the box and 
fitted into the lid; a slotted metal bar 
helps adjust the reflector angle accord¬ 
ing the Sun’s position. Four ca.stor 
wheels at the bottom help rotate the 
box. And four cooking vessels, each 20 
cm in diameter and 8 cm in height, can 
he placed in the cooker. The tempera¬ 
ture inside the cooker reaches 100" C 
in winter and 12.5T in summer 

In the focusing type solar cookers, a 
concentrator focuse.< solar radiation 
and this focused energy heats the 
cooking pot. The concentrator or re¬ 
flector may vary—a parabolic, umbrella- 
type or fresnel reflector or a spherical 
dish of aluminised plastic, silvered 
mirror, polished aluminium, etc. 
However, much heat is lost here be¬ 
cause of forced convection by the wind; 


and where the radiation is diffuse, such 
cookers are less efficient. Figure 5^ 
shows some typical focusing cookers. 
The best-known is the Wisconsin cook¬ 
er developed at the solar energy labora¬ 
tory at the University of Wisconsin, 
USA. It uses a 1.2 m-diameter plastic 
reflector with an aluminised mylar 
polyster filmj it can give an output of 
up to 400-500 watts at a solar radiation 
intensity of 1 kilowatt falling on the 
reflector. 

The parabolic cooker, first made in 
India, has an anodised aluminium re¬ 
flector, l.l m in diameter and with a 
focal length of 45 cm; it gives an output 
of about 400 watts. In the umbrella 
type cooker, the framework is similar 
to an umbrella frame, but covered with 
a metallised plastic film laminated to 
cloth; the diameter is approximately 
1.2 m, the focal length 60 cm and the 
output, again, about 400 watts. Focus¬ 
ing type cookers can also be made in 
the ground by making a spheroidal 
depression and then putting an alumi¬ 
nised plastic sheet as reflector. The 
cooking pot is placed at the focus with 
^hc help of a tripod. In the fresnel 
reflector, in place of a single sheet of 
reflector, several strips are arranged 
to focus sunlight at a point. One 
could also use several small mirrors; 
this multifaced mirror cooker has been 
tried in Israel, using 12 concave glass 
mirrors, held together by circular 
rings. The cooker gave an output of 
about 560 watts. 

The advanced solar cookers over¬ 
come many of the technical prob- 


SCIENCE TODAY, SEPI'EMBER 1984 25 
















































Paraboloid oook«: 
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Fig. 6 Some edvenced Bolar cookers in which food con be cooked ewsy from where sdiur 
energy is collected 



lems and limitations of the cookers 
discussed so far, though they cost high. 
In the advanced cooker, solar energy 
can be transferred away from where it 
is collected in the open, and even 
stored for later use. That means one 
can cook indoor.< and, with some cook¬ 
ers, ever* at night. Unlike in the other 
cookers, here water or any other heat 
transfer fluid is heated by solar energy 
in flat-plate collectors (see p. 19) or by 
linear parabolic concentrators and 
steam or the hot fluid is carried away 
and used separately to cook tood (Fig. 
6 ). 

A new solar energy storage concept, 
which promises to put solar heat vir¬ 
tually on tap for cooking, has been 
proposed by C. A. Hall. C. J. Swet and 
others of the USA. They seek to 
use ammoniated salts (magnesium 
chloride and calcium chlorides) to 
store solar heat. A simple plastic lens 
concentrates the Suns heat outside in 
the open; when the chemical heat 


storage system (Fig. 7), where the salts 
are arranged in ,two separate beds, is 
exposed to this concentrated heat or 
charged, it absorbs and stores the heat, 
releasing it when needed at a tempera¬ 
ture of about SOOT. When the unit has 
been charged, it can be stored at some 
convenient place by closing a valve 
until heat is needed when the valve is 
opened. The unit can be thus charged 
and discharged several times, and sev¬ 
eral such units can be used in a family 
depending on need. 

During charging, concentrated heat 
supplied to the system drives ammonia 
from the high temperature .salt bed of 
megnesium chloride (MgCl^) to the 
low temperature bed of calcium chlor¬ 
ide (CaCl 2 ^ where it combines with the 
salt. When heat is required for cooking, 
the low temperature salt bed is slightly 
heated, releasing the ammonia which 
returns to the high temperature bed, 
reacts witb the salt, releasing heat at 
about 300“C. The cooker, however, is 


only at a conceptual stage, but appears 
to be very promising. 

The dismal Indian scene 

Solar cooker if properly studied and 
developed can save considerable ' 
amount of fuels like firewood, agricul¬ 
tural waste and cowdung in rural areas 
and coal, gas and electricity in the 
urban sector. The Department of Non- 
Conventional Energy Sources, of the 
Government of India, has been popu¬ 
larising the box type solar cooker with 
a single reflector. Depending on the 
dimensions and the materials used, 
this cooker costs Rs. 450 to Rs. 650. 
The Government of India offers a 
subsidy of Rs. 150 on each cooker for 
personal domestic use. And a few states 
like Uttar Pradesh, Punjab and Gujarat 
have also recently started giving a 
further subsidy of Rs. 150 on each 
cooker. It means that a buyer pay.s onljr 

Continued on page S2 
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mARDHERS 


K.D. Maimaii 

I N a farm in Ladowal near 
Ludhiana, the National Industrial 
Development Corporation uses a 
large solar drier to dry grains. At 
Rajahmundry in Andhra Pradesh, 
tobacco is cured using solar energy, 
with a supplementary heat source 
4 ihen there isn’t enough sunlight. 

Crops such as paddy, oilseeds and 
maize contain 20 to 35 per cent mois¬ 
ture which is not safe for storing. It 
causes moulds and other microflora to 
grow on foodgrains, rendering them 
harmful for use. For storing, the mois¬ 
ture content should be in the range of 
10 to 30 per cent. 


bacteria and also some loss if the 
products get wet in rain. And generally 
the product is not homogeneous, nor 
of high quality as drying conditions 
cannot be controlled. 

So when a product is required to be 
dried to certain specifications, it be¬ 
comes necessary to dry it under con¬ 
trolled conditions. Where drying condi¬ 
tions need not be so stringent, solar 
energy could be used—as in the case of 
most agricultural produce. The pro¬ 
duce is piled in a bin and sun-heated air 
is blown upwards from the bottom. 
Sometimes, the produce is heated 
directly by solar energy. Drying is 



vides the heat and gets progressively 
cooler as it passes through the pro¬ 
duce. Several factors affect this drying 
process (see box on p.78), the most 
important being the relative humidity 
of the drying air. The drying air tem¬ 
perature is also important; it must be 
below a certain maximum depending 
on the crop and its intended use. For 
produce to be used as seed, the temper¬ 
ature should be lower (between 
and 60°C, depending on the crop and 
the initial moisture content of the 
crop) than when the crop is to be used 
as food or feed. 

There are two types of driers: natural 



Grains, fruits, vegetables, tea leaves, 
tobacco, coffee, cocoa, fish, timber, etc 
have, therefore, been traditionally sun- 
* dried. Products are normally spread on 
ground or hung from chords and 
exposed to sun. Though it reduces 
moisture to safe storage levels, there 
are some drawbacks in this method— 
contamination by dirt, insects and 


Flg.3 Buk fypn of nbr abr boatm 


faster and the product superior in 
quality compared to open sun-drying. 

How is this done? To go a bit into the 
basics, drying is a heat and mass 
transfer process, where liquid water 
from the surface and from inside the 
grains is vaporised, mixed with the 
drying air and the vapour-air mixture- 
removed. The drying air pro¬ 


convection driers and forced flow 
driers. In the natural convection or 
cabinet drier, the produce receives 
solar energy directly and air is circu¬ 
lated by natural convection. It is a 
glas.s/plastic-covered box, usually with 
one or two tran<;parent covers, a black¬ 
ened interior surface and an insulated 
bottom (Fig.l). Moles are drilled 



SCIENCE TO DAILJiERI^MBER. 1 984 27 





through the base and upper sections of 
the side and rear walls to induce air 
flow. The produce to be dried is placed 
on perforated drying trays. 

As solar energy passing through the 
transparent cover is absorbed by the 
produce and the interior of the drier, 
the air temperature in the drier rises 
and the heated air moves up and leaves 
the drier through the holes in the 
sides. Fresh air enters the drier 
through the holes in the bottom, gets 
heated, removes moisture from the 
produce and again goes out of the 
drier. This process continues till the 
interior ot the drier is hotter than the 
surroundings. The air temperature in 
the drier rises sufficiently high, from 
20"C to 40T above ambient, depending 
on the solar intensity. 

Since the air flow rate cau.sed by 
natural convection is rather low, 
drying takes long and such a system is 
not suitable for largescale drying But 
the advantage is that it does not need 
any other source of energy (electrical 
or mechanical). Simple in design, these 
driers can be fabricated easily by village 
arti.sans. 

In a forced flow drier, air heated m a 
solar air heater is forced into the drying 
chamber with the help of a blower. It 
has been used to dry cereals, oilseed.^, 
cowpcas, timber, etc. 

A typical forced flow .solar drier (Pig. 

2) has an array of flat-plate collectors 
(commonly known as solar air heaters) 
for heating air, a drying chamber or bin 
with a perforated floor, a bipwer with 
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solar drier 


an electric motor/engine and a duct 
system connecting the collectors, the 
blower and the drying chamber. The 
flat-plate collector consists of an insu¬ 
lated .solar energy absorber and an 
arrangement to blow air across or 
along the absorber. The collector sur¬ 
face receiving .solar energy is gener¬ 
ally covered with one or more transpa¬ 
rent cf)vers (glass or plastics) and is 
insulated on all other side*-. The collec¬ 
tors are placed fa mg south in the 
northern hemi.sphere and is appropri¬ 
ately tilted. 

Several designs have been worked 
out and they differ on the basis of: (i) 
the shape and type of materials used as 
solar energy absorbers, for example, 
corrugated sheets, mild steel flat sheet, 
blackened glass strips, iron stones and 
pebbles; (li) the number of transparent 
covers used; and (iii) the type of air 


4 


flow conflgurations (the three basic 
types are shown in Pig. 3). The per¬ 
formance of the solar air heater de¬ 
pends on the intensity of solar radia¬ 
tion, the orientation of the collector, 
air flow rates, the number of transpa¬ 
rent covers, the type of absorber and 
the temperature level at which heat #' 
being collected. 

In many forced flow solar driers, the 
roof of the grain storage building itself 
has been used to collect solar energy. 

In one such system, blackened corru¬ 
gated sheet metal was used for the roof 
under which a plywood air duct was 
provided to draw air by means of a 
circulating fan; the heated air was 
forced through the perforated floor. A 
plastic or glass cover over the roof 
improved solar energy collection 
whenever a temperature rise of 8‘*C or 
above was desired. * 

Drying vegetables and fruits has 
been tried out in several places in 
India—^the Indian Institute of Technol¬ 
ogy, Kanpur, Annamalai University, 
Tamil Nadu, Central Arid Zone Re¬ 
search Institute, Jodhpur, UT, Kharag¬ 
pur, Punjab Agricultural University 
(PAU), Ludhiana, Tamil Nadu Agricultu¬ 
ral University, Coimbatore, Rice Re¬ 
search Institute, Cuttack among them. 
Most of them have used simple cabinet 
driers which have a drying capacity of 
1.5 kg per square metre per day on 
sunny days. 

Some innovative work on the design 
of direct driers has been reported from 
PAU, Ludhiana, where a multi-rack 
natural convection drier (Fig. 4) has 
been developed and extensively tested. 
Instead of keeping the produce to be 
dried at one level, here it is spread on 
many levels so that the drying air after 
passing through the produce at one 
level gets heated and passes through a 
second layer, drying it, and then get¬ 
ting heated again, passes through yet 
another layer. Nearly 6 kg of vegetable/ 
fhiits can be dried per square metre in 
two days. 

Studies have also been carried out at . 
the IIT, Delhi, on another design (Pig. 

5), where the air gets heated at one end 
Continued on pt^ & 
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TUBERCULOSIS: 
THE KILLER TAMED 



Sfiutum cup with « dosed lid. ioseiiKoch's bodllus highly msgniilod 


C/OOD evening, Doctor. 

Good evening. What can I do for you? 
Doctor, I have fever, a cough and chest 
pain. My appetite has suffered and / have 
lost we^t I have also noticed blood in my 
saliva. Aren*t these symptoms of tubercu- 
I hsis? 

Now relax. 1 can only answer your questions 
after I have examined you. But don’t worry. 
Modem treatment can cure tuberculosis in 
a vast majority of patients and tb is no more 
a killer. Besides, the symptoms you describe 
are also seen in other lung diseases 


But no one in my family has ever had 
tuberculosis... 

Let me explain. Tuberculosis is not a 
hereditary disease. It is i bacterial infection 
caused by Koch’s bacillus (after Sir Robert 
Koch who discovered the microbe). Myco¬ 
bacterium tuberculosis, tb can be ’caught' 
by inhaling these bacilli, which are expelled 
in the sputum of people who are ’open’ 
cases of pulmonary tuberculosis. 

Once the tubercle bacilli enter Che lungs, 
they spread and cause inflammation of the 
lungs. The lung tissue is literally eaten up 
and a ’cavity’ or hole forms. Inside the 


’cavity’, bacilli multiply rapidly and the 
person develops what is called an ’open’ 
case of tuberculosis. When an ’open’ case of 
TB coughs, he throws out a blast of bacilli, 
infecting others who come in contact witit> 
him. 

Can tuberculosis spread to other parts of 
the bodyf 

Tuberculosis can affect any tissue of 
body, except the nails and hair, but the 
lungs are the most commonly infected. TB 
of the lungs is called pulmonary tuberculo¬ 
sis; other types of tuberculosis are compara¬ 
tively rare. 

Doctor is it true that tuberculosis ‘cau^V 
in childhood can later develop into an 
infection in adulthood? 

Yes. In India we have a large number of 
tuberculosis patients. This is a ’pool’ of 
infection. At any time we have about five 
million active cases in the country. Because 
of this, any one can catch the infection in 
early childhood. The bacilli enter the child’s 
lungs by inhalation and cause a patch of 
pneumonia called a ’primary focus’. The 
glands draining the area also get ••^fected, 
causing a ’primary complex’. 

If a child has pneumonia, does it also imply 
IB? 

Pneumonia is an infection of the lungs 
caused by bacteria, viruses or other diseases 
like cancer. But infection ^ tuberculosis 
bacteria do not always result in the disease. 
If the child has good resistance, that is, the 
capacity to fight infection, then he recovers 
temporarily. But the tubercle bacilli get 
locked in the body and attack the person 
later on in adulthood when his resistance is 
low. 

Doctor, what precautions should be taken 
to protect children from the disease? 
Because of the heavy ’pool’ of infection, it is 
difficult to avoid it. So early diagnosis, 
effective treatment, and building up the 
child's resistance, are the best course of 
action. 

How do you diagnose n? 

Diagnosis involves analysing the symptoms 
first. In children, there may be prolonged 
fever, a hacking cough, loss of appetite, 
failure to gain weight and repeated respira¬ 
tory infections and diarrhoea. In adults, 
fever, cough, chest pain, blood in the 
sputum and joss of weight are the give 
away. 

Doctor, last year my doctor did a tb skin 
test for my baby. What exactly is it? 
It Is the tuberculin test. We inject a 
suspension of tubercle bacilli into the skin 
of the forearm, and watch the reaction after 
48 hours. If the person is infected with tb. 
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the site of infection swells like the sting of a 
bee. We measure the diameter of this raised 
portion or “induration”, and if it is more 
than 10 mms. the test is positive. 
Doctor, does a positive test indicate tb? 
No. It only means that the person is 
infected. To check for the disease, we take a 
chest x-ray in children and a sputum 
^ination and x-ray in adults. 
riCf doctor, my other chiid was given the 
Bcc vaccination at birth and her test was 
positive. What does this mean? 

The BCC IS an artificial infection with 
tubercle bacilli whose disease causing pow¬ 
er IS reduced and whose immunising power 
is increased. After a bcc .the tuberculin test 
can be positive with the swelling extending 
upto 12 mms. 

Doctor, what blood tests are done? 

We test blood for anaemia, infections asso¬ 
ciated with other organisms and in elderly 
persons fur diabetes. K s.r (erythrocyte 
sedimentation rate or the rate at which red 
^ blood cells settle down under fixed condi- 
^ tions) was done in the past but not any 
more, as this test is not specific. 

Doctor, what is the typical picture in chest 
\-rays^ 

In children one finds enlarged glands by the 
side of trachea (wind pipe) or near the 
hilum (an opening in the lung tissue, 
through which blood vessels or air passages 
pass), in adults, tb mainly affects the upper 
parts of the lungs. Nodular opacities or 
infiltration develop initially. Later on, cavi¬ 
ties along with linear shadows called fibro¬ 
sis occur. As the disease progresses, des¬ 
truction and or shrinkage occurs. 

) Doctor, if the sputum does not sh(Av any 
bacilli, does it mean that the person does 
not have TB’ 

No. A positive sputum test confirms the 
diagnosis and also shows that the person is 
infectious to others, but a negative sputum 
test does not m^n. tuberculosis is absent. 
If the sputum test is negative 1^ a stained 
smear examination, then we culture the 
sputum smear on a special medium to see if 
organisms grow. Finally we inject a guinea- 
pig with sputum and then kill it to find out 
if It develops tb 
Doctor, how do you treat tb’ 

Before we start treatment, we have to make 
sure whether the disease is active or healed. 
TB, though healed, may show calcified spots 
on the chest x-ray. This needs no treat¬ 
ment. Once active tb is confirmed, treat- 
^ment consists of proper, prolonged, unin¬ 
terrupted treatment with anti-TB drugs, a 
well balanced diet, with adequate proteins. 



Norma! chest X-rgy (left). X-ray of a tuberculosis patient, shoudog infiltration of 
tubercle bacilU causing cavities and opacities (Right) 


vitamins and minerals, the coirection of 
anaemia, control of diabetes and ultimately 
.surgery, depending on the seriousness of 
the case. 

Does a change of climate help a tb patient^ 
A change of climate was advised in the past 
when anti-TB drugs were not yet discovered, 
but now hawa has been replaced by dawa. 
Doctor, what are the drugs used? 

There are 10 different drugs having anti-TB 
action. They are streptomycin, isinicotinic 
acid hydrazide, para-ammo salycilic acid, 
thiacetazone. ethambutol, pyrazinamide, 
morphizmamide, ethionamide, kanamycin, 
and the most powerful, rifampicin. 
Doctor, I hear a number of drugs are used 
at the same time, are they necessary? 
Yes, TB germs have a tendency to develop 
resistance to the drugs if used alone, hence 
we prescribe a combination of drugs. There 
are two types of drugs. Those which kill the 
tubercle bacilli which are known as bacter¬ 
icidal drugs and those which just stop the 
further growth and immobilise them. These 
are called bacteriostatic drugs. Rifampicin, 
INAH. pyrazinamide and ethambutol are 
“cidal” while others are “static" 

Doctor, if the drugs have to be taken tor a 
long time do they have any side-effects? 
Yes, there are minimal side effects but most 
of them disappear when patients .stop taking 
the drug. Strepto has a toxic effect on the 
hearing and the kidneys Rifampicin. inah, 
ethionamide and pyrazinamide affect the 
liver. Ethambutol has an effect on the 
vision. But these side effects are uncommon. 
How long does the treatment la^t^ 

TB IS a chronic and relapsing disea.se, so all 
bacilli must be destroyed leaving no re¬ 
sidual bacteria Treatment is continued for 
18 to 24 months or even longer. But many 
patients discontinue the treatment in be¬ 
tween. These patients run the risk of 
harbouring resistant strains of the organ¬ 
ism and when they infect other people the 
drugs are ineffective even for them. 

Can’t you cut-short the treatment^ 

Yes, now one can. Rifampicin treatment can 
reduce the time span to 9-12 months. This 
is called short term chemotherapy. 


Doctor, IS the treatment costly? 

Well, once you catch a disease, you have to 
treat it properly and cost becomes a secon¬ 
dary consideration. Moreover tb drugs are 
supplied free by government institutions, 
municipal clinics and hospitals, the TB 
Association clinics and many other volun¬ 
tary organisations. No one should cite cost 
as an excuse for not completing the treat¬ 
ment. It is very important to take the 
treatment without interruption, for the 
prescribed period and not to forget proper 
check ups, a balanced high protein diet and 
plenty of rest. 

What about furgery? 

After the drug treatment is completed, the 
residual disease should be removed by an 
operation on the lungs, to prevent future 
relapses. 

What about life after tb’ 

We cure tb but after effects tend to dimmish 
the capacity of the lungs to function 
normally. The mam function of the lungs is 
oxygenation and oxygen is required every 
second. So after complete treatment, one 
should guard against respiratory infections, 
avoid smoking, alcohol intake and do regu¬ 
lar breathing exercises. 

Doctor, can a person many after recovering 
from TB? 

Certainly. But in a woman, pregnancy 
should be delayed for at least one year after 
the cure is complete. If she gets pregnant, 
she should be under close observation. 
What happens if a pregnant woman gets tb! 
That depends on the .stage of rB and the 
period of pregnancy If rii can be control¬ 
led. the pregnancy may he allowed to 
continue, but if it is advanced, an abortion 
1 $ advised. 

Doctoi. can a tuberculous mother breast¬ 
feed her bahv' 

The mother's sputum must be negative, to 
ensure that the infection does not pass 
through the milk. But even then, the close 
contact during breast-feeding can carry the 
infection to the baby. With proper precau¬ 
tions. however, breast-feeding is allowed. 
Continued on page 39 
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SCIENCE ACADEKT 
HEDAIS 
FOR 
TOUNG 
SCIENnSIS 

1985 

Instituted by the Indian National Science 
Academy in 1974 these medals are awarded 
annually in recognition of outstanding work of 
scientists below the age of 32 (as reckoned on 
31st December preceding the year of award). 

Only those bom on or after January 1,1953 are 
eligible for consideration in 1985. The work done 
in India by the nominee will be taken into 
consideration for the award. 

With the medal there is a cash award of Rs. 5000. 
In addition, the recipient is considered for a 
research grant by the Academy and also given 
preferencial consideration under Travel grant 
scheme for attending international conferences. 

Nominations for the awards for 1985 may be 
made by Fellows of the Academy, established 
scientiftc societies of all India character, 
University faculties and departments, or 
research institutions. 

The last date for the receipt of nommations in the 
Academy is November 15,1984. 

Nominations received in previous year(s) will not 
be carried forward. 

Nomination forms can be obtained from the 
Indian Nations) Science Academy, Bahadur Shah 
Zafar R^arg, New Delhi-110002 by sending a self 
addressed envelope of 28 cm x 12 cm size. 





require a 

SCIENCE WRITER 

for their Corporate Relations 
Department 

THE JOB: 

Mainly involves reporting and 
writing for Medical Times, a 
monthly newspaper for doctors 
established in 1971. The selected 
candidate will be expected to 
cover medical meetings in and 
outside Bombay, and to 
summarise from medical journals 
as well as research papers. In 
addition, there will be production 
responsibilities including proof¬ 
reading and page lay-out. 

QUALIFICATIONS: 

Candidates should be science 
graduates, with a degree or 
diploma in journalism and at least 
two years' writing experience on a 
science or health magazine. Free¬ 
lance writers specialising in 
science matters may also apply. 
Knowledge of print production is 
essential. 

Age: 25-30 years 

This is an appointment in the 
management cadre, and carries an 
attractive salary and perquisites. 
Candidates should apply within 10 
days, enclosing bio-data and 
passport-size photograph, to: 

Manager, Personnel 
Sandoz (India) Limited 
Sandoz House 
Dr. A.B. Road, Worli 
Bombay 400 018 

Please write "Science Writer" on the 
envelope. 
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EXCITING CALCULATOBj 
KEYBOARD 


W ORKING with a calculator can be 
eiciting when you discover that the 
numbers on the keyboard follow certain 
properties. The kQd)oard configuration is as 
follows: 

7 8 9 

4 5 6 

1 2 3 


a counter example for this interesting 
property from any of the readers is wel¬ 
come. 

R. Safyanantyan 

Mr, Satyanaraffon is a student in Bombay. 
Calculus and Number Theory are his fduourite 
subjects. 
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A versatile magic square 


.^rom the keyboard, we have, 123 + 654 
+ 789 + 987 + 456 + 321 
= 147 + 852 + 369 + 963 + 258 + 741 = 
3330 

Let us call this an SxS property (the 
method of addition follows an S). The 
second property of the above configuration 
is 147 + 753 + 369 + 963 + 357 + 741 
= 789 + 951 + 123 + 321 + 159 + 987 = 
3330 

We can call this a ZxZ property (the 
method of addition follows a Z). The 
property is not restricted to these numbers 
above. It is also true for any 3x3 configura¬ 
tion of single, double... upto n digit num- 
^ bers, that is. 


n+6 

n-i-7 

n+8 

n+3 

n-»-4 

n-l-5 

n 

n+1 

n+2 

For example, let us take the following 
digit numbers: 

72 

73 

74 

69 

70 

71 

66 

67 

68 


We see that 666768 + 717069 + 727374 
+ 747372 + 697071 + 686766 = 666972 + 
737067 + 687174 + 747168 + 677073 + 
726966 4242420 (SxS property). Also 

666972 + 72Z068 + 687174 + 747168 + 
4 687072 + 726966 ^ 727374 + 747066 + 
666768 + 686766 + 667074 -f 747372 = 
4242420 

Take an example of 3-digit numbers: 


112 

113 

114 

. 

109 

no 

111 


106 

107 

108 



The sums are equal to 660660660. 

The sums obtained, as we can secure very 
well patterned. In fact, the pattern unit is of 
length 1 digit for the 1-digit sum (3330), of 
length 2-digit (42 42 420) for a 2-digit sum 
and of length 3-digit (660 660 660) for a 
3-digit sum. The pattern unit is 4-digit long 
for a 4-digit sum. Take for example: 


1271 

1272 

1273 

1268 

1269 

1270 

1265 

1266 

1267 


T The sum comes to 7614 7614 7C11 
So the question is whether it is n-digit 
long for a n-digit sum. An answer to this or 


T he magic square formed by 1089 and its 
multiples (Fig. 1) is a versatile one. Its 
magic constant is 16,335. What is versatile 
about this square is that it retains the magic 
instant when some digits are deleted from 
all the nine four-digit numbers occupying 
its cells. For example, if the first three digits 
be deleted from all the numbers then the 
resulting square is magic having a constant 
of 15. By deleting the last three digits, 
similarly, a magic square of constant 15 is 
obtained. By deleting all except the second 
or the third digits, magic squares of con¬ 
stant 12 are produced. 

When the last two digits are deleted from 
all the four-digit numbers, a magic square 


having a constant of 162 is obtained. 
Similarly, by deleting the first two digits 
there results a magic square of constant ' 
135. Deleting the middle two digits from all 
the numbers generates a magic square of 
constant 165. Deletion of the extreme digits, 
from all the numbers likewise leads to a 
magic square of constant 132. With three 
digits four different magic squares are ' 
possible. These squares have magic con¬ 
stants of 1632,1635 1635 and 1335 respec¬ 
tively (Fig. 2-5). 

P. K. Mukheijec 

Dr Mukherjee is a lecturer in Physics at 
Deshbandhu College, New Delhi 


8712 

1089 

6534 

871 

108 

653 

872 

109 

654 

812 

189 

634 


712 

089 

534 

3267 

5445 

7623 

326 

544 

762 

327 

545 

763 

367 

545 

723 


267 

445 

623 

4356 

9801 

2178 

435 

980 1 

217 

436 

981 

218 

456 

901 

278 


356 

801 

178 


Fig. 1 Flg.2 Flg.3 Flg.4 Flg.S 
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GROWTH FACTOR RECEPTOR 
IN A NEW DOMAIN? 

( ’ 


G rowth is the fundamental fea¬ 
ture of life. Every individual starts 
life as a single cell which under¬ 
goes numerous cell divisions to 
I?a multicellular organism. The under- 
standing of the complexities of normal 
L tnwtii is a challenge to all cell biologists, 
vf.' Por a long time now it has been known that 
'^ hormones regulate growth of specific tis- 
'' sues. To these have been added other 
growth promoting substancesj known as 
' growth factors. One of the first growth 
' fKtors to be identified was Nerve Growth 
Fkctor (NGF) by Rita Levi-Montalcini in 
1951. The NGF stimulates sympathetic gang¬ 
lia and nerve cells to divide in chick 
embryos and in new bom mice, but not in 
. adult animals. 

Thus, there must be other factors which 
are involved in controlling normal develop- 
. ment. Growth factors may also be required 
for regulating proliferation of cell types 
with a rapid turnover, as well as in wound 
healing and regenerating tissues. During 
the last deouie, a host of growth factors 
have been isolated and characterised. And, 
we know now that they are low molecular 
weight polypeptides and act on the cells 
through specific receptors which are situ¬ 
ated on the cell surface. 

During studies with ngf in 1962 Stanley 
Cohen, working with R. Levi-Montalcini, 
accidentally discovered another growth fac¬ 
tor called Epidermal Growth Factor (EGF). 
Crude extract of mouse salivary gland, 
which is a rich source of ngf was injected 
into new-born mice to study the effect of 
NGF on the nervous system. To the surprise 
of the Investigators, in addition to the 
growth of sympathetic nerve cells and 
I ganglia, the treated mice opened their eyes 
I earlier than the control mice. Precocious 
I eruption of teeth was also observed. Histo- 
i logical studies indicated these two effects to 

c_ 



EGF neepion an human eella UMed by 
ihunmicaii aniibikhaB and vhUfk aa bright 
nglonM 


be due to an overall thickening of the 
epidermis. This led to the discovery of egf, 
which is present along with ngf in large 
quantities in mouse salivary glands. 

Egf is a potent mitogen for cells of 
epidermal as well as mesodermal origin. 
Like other growth factors, it acts through 
specific receptors situated on the cell mem¬ 
brane. EGF binds to its cellular receptor and 
within minutes the ECF-receptor complex 
is removed from the cell surface by a 
process of internalisation. This sets into 
motion a chain of reactions which finally 
result in dna synthesis and cell division. It is 
not yet clear whether the growth factor 
itself carries the information for the cell to 
divide or whether the signal resides in the 
receptor. 

The EGF receptor has now been purified 
and well characterised. It is a high molecu¬ 
lar weight glycoprotein situated in the 
membrane and associated with protein 
kinase activity which has a specificity for 


Virus foot-prints in human breast cancer 


I N INDIA cancer of the breast is one of 
the most common cancers in women, 
preceded only by the cancer of uterine 
cervix. Cancer, as such, is yet an 
enigma, and hence it is appropriate that 
recent trends in cancer research focus on 
its causes (etiology). In the past decade and 
a half, the role of virus in the etiolog)* of 
breast cancer has been studied intensively. 
This is partly due to the advances in the 
understanding of the mode of replication of 
the viruses, and the molecular events 
'fading to their involvement in neoplastic 
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transformation. The most promising line of 
research in this respect has been the use of 
elegant animal tumo'.r models, particularly 
of mammary tumours. In certain strains of 
mice, breast cancers can be transmitted 
from mothers to daughters. Analysis of the 
milk of these strains of mice, showed the 
presence of virus particles, referred to as 
Bittner virus or Mouse Mammary Tumour 
Virus IMMTV' 

Mmtv is a retrovirus. A retrovirus is a rna 
tumour virus, in contrast to the dna 
tumour viruses. It has a characteristic 


phosphorylating tyrosine. Similar findings 
have been report^ for receptors of other 
growth factors and several viral transform¬ 
ing proteins. It has been suggested by some 
authors that protein kinase could sti¬ 
mulate growth by usurping a cellular 
growth control pathway which uses tyro¬ 
sine phosphorylation. 

A recent paper in Nature (309 270) bg, 
Mroczkowski, Mosig and Cohen, suggekf 
that the egf receptor is associated with an 
endonuclease which acts directly on dna 
and brings about a change in its structure. 
The highly purified egf receptor prepara¬ 
tion can actively nick double-stranded cir¬ 
cular DNA in the presence of atp. This 
activity is similar to that of an enzyme, dna 
topoisomerase U which catalyses topolo¬ 
gical rearrangements of DNA —an important 
step in regulation of transcription an* 
replication. The authors, however, do not 
rule out the possibility of the highly puri¬ 
fied egf receptor preparation being con¬ 
taminated with trace amounts of the en¬ 
donuclease. 

The products of oncogenes (genes acti¬ 
vated in cancerous cells and not in normal 
cells) seem to share some properties with 
the egf receptor. The product of the trans¬ 
forming gene of Rous Sarcoma Virus, 
pp60", has the kinase activity and now it 
has been shown to have the endonuclease 
activity as well. Are oncogene products then 
related to the growth factor receptor? Do 
they also act directly on the dna and 
stimulate cells to divide? A clue to how cells 
are stimulated to divide may help in arrest¬ 
ing cancer which is nothing but uncontrol¬ 
led growth of cells. 

R. Nulherkar 

Dr. Mulherkar is with the Celt and Developmen- 
tat Pathology Department of the Cancer Re- 
search Institute, Parel, Bombay. 


architecture with an eccentric nucleus and 
prominent spikes on its membrane, called a 
typical 'B' type particle. The mmtv has a high 
molecular weight 70S rna genome, and 
replicates through a dna intermediate. The 
DNA copy of the rna tumour virus is called 
the proviral dna The provirus is formed 
from this rna tumour virus by the reverse 
transcriptase enzyme, which is an integral 
part of the mmtv. Interestingly, mmtv is 
known to be present ubiquitously in normal 
tissues. It is either an endogenous virus 
transmitted vertically through the gametes 




1 


of the species, or an exogenous virus 
transmitted via milk. 

Although, NMTV is one of the principal 
causative agents in the development of 
mou&e mammary tumours, the incidence 
and progression of the disease is multifocto- 
rial. Other parameters influencing the ten¬ 
dency to form mammary tumours include 
•4>e genetic background and hormonal sta¬ 
tus of animals. The mammary tumours are 
initially, often hormone-dependent, de¬ 
veloping during pregnancies, and regres¬ 
sing partially or completely between pre¬ 
gnancies. Eventually, the tumour becomes 
autonomous, growing independent of the 
hormonal status of the animal. However, 
the number of pregnancies required to 
establish hormone independence is often 
variable. 

Recently, G. Peters, A. E. Lee and C. 
Dickson (Nature 309 273) have shown that 
in some recurring pregnancy-dependent 
mammary tumours, additional provirus in¬ 
tegration within a certain region in host 
DNA occurs at the earliest appearance of the 
tumour. This region has now been identi¬ 
fied on mouse chromosome 7, and termed 



as int-2. The proviral integration may 
activate specific cellular genes, including a 
putative oncogene. Cellular oncogenes are 
genes which may serve to initiate the 
genesis of tumours and sustain the final 
neoplastic phenotype. They are not 
tumourigenic in their native state. Howev¬ 
er, integration of retroviral DMA into host 


chromosome may activate them to initiate ! 1 
tumourigenesis. Hence, the additional \ 
MMTV proviral integration may then repre- | 
sent an important step in the development ] 
of neoplasia. \ 

The ultimate goal of experimental onco¬ 
logists is to extrapolate the data gathered > 
from the laboratory to the human situation. ' 
In this connection, mmtv studies in mouse , 
tumour, models are of immense value* i 
There have been reports showing presence ' 
of mammary tumour virus-like particles In 
electron micrographs, from human milk. > 
These findings are further substantiated 1^ 
the presence of the 70S RNA, reverse trans¬ 
criptase enzyme and immunological cross j 
reactivities with the mouse mmtv. Thus. I 
there is evidence of specific footprints of the|| 
virus in human breast cancer. Furthers 
studies using mouse mammary tumour 1 
models may provide useful leads to unravel i 
the complexities of human breast cancer. ] 

Dhanai^iiya Saranath 

Dr. (Mrs) Saranath is with the Immunotogy 
Division of the Cancer Research Institute, Rarei, 
Bombay. 


Musical genes 

■ B mHAT has genetic engineering and 
■Hff music got in common? Well, you 
wmwm could trust the Japanese to come 
W up with an original correlation 
between the two. Two Japanese scientists 
Kenshi Hayashi and Nobuno Munakata of 
the Biochemistry Division and Radiobiology 
Division, National Cancer Centre Research 
^ Institute, Tokyo, Japan, in a letter to a 
recent edition of Nature (310 96) have 
proposed an acoustic method for handling 
nucleotide sequences. 

The justification for such a method is 
sought in the enormous amount of base 


sequence data that is constantly accumulat¬ 
ing with rapid advances in gene cloning and 
DNA sequening techniques. In several cases, 
the initial data, read from autoradiograms 
of sequencing gels, are either handwritten 
or typed out to be later transferred to a 
computer through keyboards. Dealing with 
hundreds and thousands of meaningless A, 
T, G and C sequences, standing for the four 
nucleotides adenine, thymine, guanine and 
cytosine is tedious and boring. Chances of 
making mistakes while transcribing from 
handwritten/typed pages to computeis are 
also high and needs constant checking and 
rechecking. No wonder the Japanese’s 
musical scale is already arousing consider¬ 


able interest in those working on nuclear 
sequences. 

Let’s try to understand the acoustic 
method. The Japanese *'chose a tone range 
of a fifth since this occurs in daily speech. 
Avoiding a half-tone, three possible 
arrangements can be considered; bottom- 
heavy (do, re, mi, sol), symmetrical (re, mi, 
sol, la) and top heavy (mi, sol. la, si).” They 
picked up the second one as the symmetry 
can be explored in future use Then the 
pitch-to-base assignment is "re” for G, "mi" 
for C, "sol” for T and "la” for A. 

Using this system, the Japanese found 
that "G + C-rich sequences are low-Veyed, 
while thermally less stable A + T-rich 
sequences are high-keyed Purine clusters, 
which tend to distort dna structure, are 
leaping and unsettled, while 
pyrimidine clusters arc even and placid. 
Sequence-melodies can then be trans¬ 
cribed m a two-line score, which is an 
abridged version of the five-lined score 
(taking out the uppe^ three lines." 

ITie advantages of this method are ob- 
K vious- -sequences can be easily recognised 
I and memorised and a computer equipped 
I with a sound-generating system can even 
^ sing back the sequences to enable confirma- 
§ tion by ear f.ast, but not (he least, will it 
3 not be fun decoding the mysteries of life 
i from singing computer^ 
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THE BEGINNING OF THE END OP CANCER 

Sttshilkumar G. Devare 



fHAT causes cancer’ The 
question continues to per¬ 
plex scientists. What is sur¬ 
prising is that it is only a 
.->911416 cell which defies the whole body 
.'•.tnechanism. This cell, for some reasons 
9tUI not known, refuses to obey the 
laws of normal cell division and arro¬ 
gantly continues multiplying. The re- 
' suit being cancer—a dreadful disease. 

What triggers the cell to behave 
abnormally? What causes the normal 
cell division to go haywire? Answers to 
I these and other related questions are 
rnot yet clear, though recently, scien- 
■tists have made important break- 
Bmroughs leading to a better under- 
fManding of these questions. One such 
I approach which is being considered by 
' ^ scientists is that, in the presence of 
oncogenes (cancer genes), cells manu¬ 
facture abnormal protein(s) which 
cause the malignant cell growth. It is 
intriguing that one such protein hav¬ 
ing a similar structure as the platelet 
derived growth factor (pogf, released by 
platelets present in blood during the 
wound healing process), has been iden¬ 
tified to cause malignancy. 

Before going into the details of puck, 
let us start from the beginning. The 
year was 1910, when Peyton Rous at 
Rockefeller University, New York, first 
demonstrated that a virus was causa¬ 
tive for tumours in chicken Discovery 
of “Rous Sarcoma" virus and its role in 
tumour induction was largely responsi¬ 
ble for his Nobel Prize in 1966. 

We have come a long way since the 
< discovery of Rous sarcoma virus. More 
than .seven decades later, researchers 
have finally begun to understand the 
molecular basis of tumourogenesis— 
how tumour virus converts normal 
cells into malignant cells. The emerg¬ 
ence of recombinant dna technology 
(SCIENCE TODAY, December 1983) 
made it possible to isolate a particular 
gene while the rapid dna sequencing 
techniques assisted in determining the 
, molecular structure of genes; an 
achievement which would have re- 
)nained Actional. 

The ewtence of cancer genes 
oncQgeIiif^4'onco’ for tumour) was 
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hypothesised more than a decade ago. 
The “Oncogene hypothesis” was based 
on research on animal tumour viruses 
known as retroviruses (SCIENCE TO¬ 
DAY, April 1983, p. 27). Retroviral 
genetic information for most of the 
known viruses is present in the cell ahd 
can be induced to express under speci- 
Ac conditions. These retroviruses are 
present in cellular dna and are silent 
most of the time. Several retroviruses 
have been isolated from various anim¬ 


als such as chicken, mouse, rat, cows, 
monkeys and more recently from hu¬ 
man. During the past four years, the 
genomes of the known important re¬ 
troviruses have been molecularly 
cloned using recombinant ONA tech¬ 
nology. Further, the genetic informa¬ 
tion present in these genomes havt^ 
been deciphered using ona sequence 
analysis. 

It has been postulated that 
oncogenes may be expressed during 
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normal cellular differentiation process 
and may be regulated or switched off 
subsequently. Several oncogenes from 
distinct species now show DMA sequence 
homology and appear to contain some 
or closely related oncogenes. Also, viral 
oncogenes have been demonstrated to 
^ evolutionarily conserved. For exam¬ 
ple, if one tries to search for a gene 
similar to an oncogene present in a rat 
virus in human cellular dna, using 
molecular biology techniques, it is 
possible to identify equivalent human 
oncogene. 

Oncogenes and tumours 

Oncogenes present in the normal 
cells are capable of inducing tumours. 
However, under normal circumst¬ 
ances, expression of cellular oncogene 
is regulated or controlled. Researchers 
} have performed experiments in which 
an oncogene isolated from noimal cells 
is linked to control elements which 
regulate its expression. 

Several experiments have now sug¬ 
gested that quantitative over¬ 
expression of an oncogene turns the 
normal cell malignant. In fact, specific 
chromosomal abnormalities are asso¬ 
ciated with certain kinds of cancer. 
This includes gene rearrangement 
leading to activation of cancer gene as 
suggested by George Klein of Karolins- 
ka Institute, Sweden. 

P In search for more cancer genes in 
human tumours, scientists have made 
use of DNA-mediated gene transfer tech¬ 
nology. The genes responsible for. the 
transformation of normal to malignant 
cells have been molecularly cloned and 
structures have been determined. 

Scientists believe that there is much 
complexity in the mechanism of hu¬ 
man cancer and that our present day 
knowledge is a small portion of the 
whole picture. However, using retro¬ 
viral oncogenes or using dka- medi¬ 
ated gene transfer, we have come closer 
towards understanding the mechanism 
of tumourogenesis either of viral or 
non-viral origin. 

I Presently, we have access to around 
20 oncogenes from acute transforming 
retroviruses isolated from various 


animals. We also have the cellular 
homologues for each of the viral 
oncogenes which could be identified 
and molecularly cloned using the latest 
techniques of recombinant UNA metho¬ 
dology. However, the progress in deter¬ 
mining the function of the proteins 
encoded by the oncogenes has been 
disappointingly slow. Of more than 20 
independent isolates of acute trans¬ 
forming retroviruses, certain isolates 
appear to contain same or closely 
related oncogene. The oncogene of 
several members of these acute trans¬ 
forming retroviruses including Rous 
sarcoma virus, encode for a protein 

The pioneer research work 
by Dr. Devare has led to the 
identification of an 
oncogene protein related to 
PDGF, responsible for 
abnormal growth 

which has enzyme activity of protein 
kinase with rather unique specificity 
for phosphorylating tyrosine residues. 
The members of another class of acute 
transforming retroviruses have 
oncogene products which bind specific¬ 
ally to guanosine nucleotide. However, 
regarding the physiologic functions of 
the oncogene encoded proteins, until 
recently, we did not have a single clue 
to understand how these proteins con¬ 
vert normal cells into cancerous. 

The major breakthrough in the area 
of cancer research came from the work 
on the oncogene present in an acute 
transforming retrovirus which is desig¬ 
nated as simian sarcoma virus (SSV) 


Primarily, the viral genome was mole¬ 
cularly cloned in Aaronson’s Labora¬ 
tory at National Cancer Institute, USA. 
Following this, we determined the 
nucleotide sequence of the cloned 
genome. Based on the nucleotide sequ¬ 
ence—s/s, the transforming gene of ssv . 
was predicted to code for a protein ‘ 
with a molecular weight of 28,000. In 
order to identih* this protein in cells i 
transformed with the ssv, we chemical- j 
ly synthesised sis specific peptides < 
based on the predicted amino acid 
.sequence. We next made antibodies to 
these peptides in rabbits. Using these 
antibodies it was possible to immunop- 
recipitate 28,000 dalton ssv transform¬ 
ing protein in cells transformed with 
the virus. Thus, the ssv transforming 
protein was identified. 

Functions of the protein 

Detailed studies revealed that this 
S.SV transforming protein is neither a 
protein kinase nor does it bind to 
guanosine nucleotides. The best 
approach was to match its predicted 
amino acid .sequence with other pro¬ 
teins of known function whose amino 
acid sequences are known or predicted. 
Therefore, we then tried to match the 
predicted amino acid sequence of sis 
encoded protein with the sequence of 
other known proteins using computer 
matching programs. Initially, we could 
not find any sequence homology with 
proteins of known function. However, 
researchers from Harvard University 
and California Institute of Technology 
reported a partial sequence of a protein 
known as the platelet derived growth 
factor (PDGF). Doolittle, a protein chem¬ 
ist at University of California, San 
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EGF receptor—4he faulty ceO-divbiQii protein 


m 


T here are about eight oncogenes 
which produce similar proteins hav¬ 
ing related amino acid sequences. Fol¬ 
lowing the discovery of sis protein, 
researchers from the Imperial Cancer 
Research Fund Laboratories, London, 
Weizmann Institute, Israel and Genen- 
tech Inc., USA, identified another 
oncogene protein (Nature, 309, 5967). 

Scientists at the above three centres 
have purified this protein which acts as a 
receptor for the epidermal growth factor 
(BGF). Subsequently, they matched the 
receptor protein with other known pro¬ 
teins using computer matching prog¬ 
rams. To their surprise, the receptor 
found its look-alike in the protein pro- 


The erthB gene apparently instructs a 
ceil to make only the part of the receptor 
which would send a signal to divide, 
from the receptor site to the inside of 
the cell. This part of the receptor 
probably lacks the control region that 
enables replication signal to be shut off. 
Thus, the presence of erh-B protein can 
well account for the wild growth and 





EOF receptor and keep the cells dividing. 

Hie receptor for egp has been identic 
fled as a transmembrane glycoprotein 
that has tyrosine kinase activity. Howev- 
er^ the specific relationship between 
tyrosine kinase activity and control of 
growth and replication is not known. 
Studies carried out by Mrocskowski and 
his colleagues indicate that purified egp 
receptor is able to interact with the nick 
supercoiled double-standard dna in pre¬ 
sence of ATP (see pgp 34). 

There are genes other than the sis and 
erb-B genes which have been classified 
as members of the las oncogene fmily. 
These genes encode proteins of low '*^)’ 
molecular weight. The only known 







duct of another oncogene (erb-B) whose 
origin is erythroblastosis virus isolated 
from chicken. Further experiments re¬ 
vealed that the protein product of erb-B 
represents only a part of the normal 
epidermal^ growth factor receptor, as 
assessed from the data of the ona 
sequence of erb-B gene. 

It appears that the receptor protein 
made 1^ the erb-B gene is crucially 
different from a normal receptor. The 
normal receptor usually spans the walls 
of a cell. The part which is exposed 
carries the actual binding site for ecf 


proliferation of cells characteristic of 
tumours. 

These findings correlate well with the 
report that certain brain tumours con¬ 
tain high concentrations of the egf 
receptor in their membranes. This 
abnormal condition can explain the 
increased sensitivity of smallest quanti¬ 
ties of growth hormone present in their 
vicinity, resulting in enhanced multipli¬ 
cation rate. Further studies carried out 
at National Institutes of Health (nih) 
USA, suggest that certain growth factors 
released by human tumour cells bind to 


biochemical property common to all 
forms of ras proteins is the ability to 
bind guanine nucleotides. A report (Na¬ 
ture, 310, 5973) suggests that egf 
enhances the guanine nucleotide bind¬ 
ing activity of these proteins. 

The findings of receptor proteins 
being responsible for initiating malig¬ 
nant growth, offers another approach in 
understanding cancer. Perhaps, with the 
development of immunoassays for these 
faulty proteins, detection of cancer will 
be easier. 

Panil R. Shcth 


Diego, using his computer program 
:/found that this partial amino acid 
Sequence showed near-perfect match 
with oncogene sis encoded protein. 

‘ Thus, for the first time, the product of 
^ a cancer gene was shown to be closely 
related or identical to an important 
protein with known physiologic func¬ 
tion. This means, we have a clue for the 
mechanism by which a viral oncogene 
tran.sforms a cell. 

• What is PDGF? 

PDGF is known to have several func¬ 
tions, the most important being its role 
in wound healing. At the site of the 
' wound, the platelets break open and 
. release pdcf which stimulate the cells 
around the wound to multiply, thereby, 

; healing the injury. When the wound is 
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healed the pdcf brought at the site is 
now used up and the body functions 
normally. Contrarily. the SSV trans¬ 
formed cells express abnormal 
amounts of s/s protein. Under the 
influence of s/s protein which would 
have same or similar biological activity 
as that of piigf. the cells would start 
multiplying. Unlike PDGF, uncontrolled 
amounts of s/s protein would lead to 
cancerous growth. 

In certain malignant human 
tumours like fibrosarcomas and 
osteosarcomas, there is an abnormal 
expression of s/s related sequences. 
This is similar to ssv transformed cells 
where there is an abnormal expression 
of s/s or PDGF related protein. It has 
been reported that some of these 
tumours release proteins similar to 


PDGF. Also, the normal counter parts of 
these tumours, have receptors for PDGF. 
Therefore, we now have means to 
understand the process of oncogenes 
by abnormal expression or activation of 
a gene with normal physiologic func¬ 
tion. 

Once the products of oncogenes are 
identified and the mechanism by which 
they induce tumours is determined, it 
should be possible to develop methods 
to interfere or even stop the biological 
activity of these proteim. Prom the 
experimental results it is heart warm¬ 
ing to see that we are getting closer to 
the d^ when we will have means to 
conquer cancer. □ 

Dr. Dware is a nsuadt sckntisi working in 
Mobcular Biology DMshn, Abbott LabmOiorits, 
nOtois. USA 







TINTED TONES 

Gillian Valladares 


D o YOU look at life through Vose-tinted glasses', or are you 'feeling blue’ and 
need to *add some colour to )^ur life? Colour affects the way we look at life 
and even the way we hear things, for sound has colour too—the timbre of 
music. Colour is a universal language and a powerful descriptive tool, in all 
spheres of life and science is no exception. Scientific terminology has many ‘coJourfur 
components. This month wc present a spectrum. Answers on page 74 and 75. 

(B)A tropical squall 
(C) Bubbles formed by a breaking wave 
(D) Fogbow 


(1) Red spot: 

r (A) A red star of low luminosity 
" (B) Hubble Effect 

(C) A semi permanent marking of 
Jupiter 

(D) A hot giant star 
(2f) Ofingc lake: 

(A) A pebbled film surface 

(B) A multileaved grab bucket 

(C) A dyestuff 

(D) Orange pigments 
(3) Yellow salt: 

(A) Piment, A 2 SJ 

(B) Wulfenite. Pb M 0 O 4 

(C) Mercuric oxide HgO 

(D) Uranyl nitrate U 02 (N 03)2 6 H 2 O 
} (4) White rainbow: 

(A) Milky weather 


(5) Green's dyadic: 

(A) A vector operator 

(B) A function associated with a given 
boundary value problem 

(C) Formulas obtained from Green's 
theorem 

(D) A theorem dealing with partial 
derivatives 

(6) Silver flsh: 

(A) Insects of the order Thysanura 

(B) Superficial argentophilic proto¬ 
zoans 

(C) A photographic print made with 
silver halides 

(D) A process causing reduction in 


insulation resistance and dielectric 
failure 

(7) Blue bottle: 

(A) Plants of the genus Edymton 

(B) Lupine 

_(C) Portuguese man-of-war 
(D) A blue-gray mudstone 

(8) Greywicke: 

(A) A non selective radiator 

(B) A casing of gray iron 

(C) A process to polymerize diolefins 

(D) An argillaceous sandstone 

(9) Gold leaf: 

(A) Treated cattle membrane 

(B) A unit for standardisation of 
angiotonin 

(C) Members of the division C/iijf- 
sophyceae 

(D) Gold, rolled or beaten into fine 
sheets 

<10) Black widow: 

(A) A venomous spider 

(B) A noctuid moth 

(C) An aquarium fi.sh 

(D) A t^erbaceous plant 


Continued from page 31 

Doctor lb TB controlled m India? 

The last National Survey of the incidence of 
n3 in India wa:' taken in 19.58. So no definite 
^slat islics can be given about pre.sent trends 
rUut m spite of the growth in population, the 
number of fresh cases is decreasing so some 
control has been definitely achieved. 

What preventive measures would you sug¬ 
gest^ 

In any infectious disease there are five 
principles of prevention. The first is to find 
out the extent of the infection in the 
population this is done by mass miniature 
X rays tsmall x-rays which can be taken at 
the rate of one every minute), .sputum 
examination. mas.s tuberculin tc.>ting of 
children and other methods 

The second step is to isolate the infec¬ 
tious cases. This is not practicable as the 
number of hospital bed.s for tk patients are 
very few in comparison to the incidence of 
the disease in India. But with modern 
drugs, the patient becomes non-infectious 
^ in about three to four weeks and there is no 
danger. But the treatment must be con¬ 


tinued. The patient's co-operation is very 
important at this stage. Sputum cups 
should be used by the patient and "no 
spitting" should be a national slogan. 

Another important step is to educate the 
masses through newspapers. TV' radio— 
through all the media available, bcg vacci¬ 
nation of children should be enforced 
Finally, rehabilitation of cured tb patients 
must be ensured. At piesent, leprosy pa¬ 


tients have better facilities for rehabilitation 
than rii patients who deserve a much better 
deal IB patients can be employed after 
complete treatment, with no risk to other 

employee. ^ IlaB<nd«r 

Dr . Rangnekar is a leading TB specialist m 
Bombay He is honorary chest physician at 
C.T. Hospital and Sewrt TB Hospttaf Bombay, 
He is also a postgraduate and undergraduate 
teacher at Grant Medical College, Bombay. 
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Soybean and its many products are flooding our 
markets. Besides combating malnutrition, enhanced 
soybean production can make significant 
contributions to the economy 



UGSS who's coming to dinner?” 
This announcement by the hus- 
band at the end of a day need not 
create panic in the housewife. A 
sumptuous vegetarian meal can be easily 
dished out by a resourceful wife. Alterna- 
tively, even with a small quantity of kheema 
or mutton, a good dish can be prepared. 
The meal, both vegetarian and non- 
vegetarian, can be tasty and highly nutri¬ 
tious. The trick is to possess soybean 
products, either in the form of chunks or in 
granular form. 

Soybean and its many preparations have 
become increasingly popular judging from 
the number of new products flooding the 
markets. We have soy flour, soy dal, soy oil. 
soy milk and a host of other products going 
under different brand names like Nutrelia, 
Meal Maker, etc. But still a large section of 
our population is unaware of its nutritive 
value, not to speak of its good taste and 
special flavour. 

The nutritive value of soybean is realised 
by several countries like Brazil, Mexico, 
Romania. Paraguay and Argentina. They 
have made rapid progress in increasing 
their soybean production and acreage. India 
too has loined the ‘soybean race’ in its 
agricultural expansion programmes. De¬ 
velopments on agricuPural front, industrial 
processing and marketing of soybean in 
India suggest that demand for soybean is 
gradually growing. There is an advance 
knowledge and experience in technology 
and an increasing awareness, albeit slow, 
among consumers of the potential uses of 
soybean. At present, private and vanaspati 
industric.s are mostiv utilising soybean 
produce in the preparation of soy products 

But advance in India has been slow in 
comparison to other countries The area 
under soybean cultivation about a decade 
ago was hardly hectares with a 

total production of approximately 87.500 
tonnes having an average yield of 700 kg/ha 
It has gone up to 2,80.000 hectares in 
J978-79, and there is an ambitious target of 
8,90,(K)0 hectares to be placed under soy¬ 
bean cultivation by the end of sixth plan. 
Most of soy cultivation is in Madhya 
Pradesh and Uttar Pradesh. The introduc- 
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tion of improved varieties increased the 
average yield of soybean to about 1,000 
kg/ha. While the overall production in India 
was about 3.5 lakh tonnes in 1978-79, the 
total production in the three leading soy- 
bean-producing countries, USA. Brazil and 
Argentina for 1978-79 was 83 lakh tonnes. 
The present production in this country is 
quite insufficient to cope with its require¬ 
ments and the shortage of soybean oil is 
being met by imports every year. 

Food potential of soybean 

Soybean is one of the most nutritious 
pulses. It IS rich in proteins, oil and mineral 
salts. It consists of approximately 40 per 
cent protein, 26 per cent carbohydrates. 20 
per cent oil, 4 per cent minerals and 2 per 
cent phospholipids, ft is a good source of 
pho.sphoriis and lecithin, and thus could be 
used for the cure of nervous diseases. Soy 
flour in diet is specifically useful to diabetic 
patients because of its low carbohydrate 
content. Soybean contains sufficient 
amount of both water and fat soluble 
vitamins. Soy proteins are considered to be 
nutritively comparable to animal proteins, 
except for low methionine content, a sul- 
phur-cunlaining amino acid. No wonder, 
often .soybean is referred to as ‘meat for 
vegetarians'. 

Soybean is a popular foodstuff used in 
various forms, in different countries. It is 
widely used as a protein food, oil seed crop 
and fodder crop. Resides, it has industrial 
uses and is utilised as gelling and aeialmg 
agent in the preparation ol meat analogs, 
gravies, sauce, tempeh and animal feed. 
According lo the 1978 report of the Food 
Protein Council-USA, over one billion 
kiiogrames of edibl'^ sov protein products 
are annually consumed in USA During 
recent years, protein intake in USA has 
cun.siderably increased with rapid growth in 
consumption of sov foods and other vegeta¬ 
rian protein sources In Japan, per capita 
intake of protein from sny is 10 g/day, and 
in some southeast Asian countries, it is 
about 3fi g/day 

in India, ‘dal’ i.s a favourite dish used 
either with chapaties or rice. Previously it 
was not possible to replace pulses by 


soybean as 'dal* because of its poor cook¬ 
ing- ability and undesirable taste. But 
pre-treatment of soybean has taken care of 
these problems thus, improving the quality 
of our diet. 

Processing of soybean for the preparation 
of pre-cooked and dehydrated beans like 
other beans, as practised in USA and other 
countries, could provide great relief to the 
Indian women. Roasted soybean, free from 
beany flavour and undesirable taste, could 
serve as a high protein snack food and could 
be consumed like parched grams or roasted 
groundnuts. It could also be used as a 
valuable protein-enriching supplement in t 
the candy industry. Soybean could also be 
used as sprouted beans like other food 
legumes, a common practice in Indian 
cooking. 

Sc^ flour 

For further improving the nutritional 
value of wheat products, .soy flour has been 
supplemented because of its high protein 
and lysine, an essential ammo acid, con¬ 
tent. Today high protein baby foods and 
preschool children foods containing soy 
flour are quite common in India, eg Bal- 
Ahar and Bal-AmuL The practice of using 
pulse flour like Bengal gram, green gram , 
and black gram in the form of hesan or 
chana atta for mixing with cereal flour in 
various proportions for chapaties, puris and 
other tasty preparations is common in 
India Processed soy flour could also he 
used for such preparations. 

Green beans of soybean {Hardee variety) 
have been used for popularising south 
Indian dishes such as uppitu. hush, thovi 
and samhar. JS-2 and cooker type varieties 
ol soybean are found to be good for 
blending with potatoes for making veget¬ 
able cutlets Replacement of pulses by 
soybean up to 75 per cent in preparing 
thahpith and by 50 per cent in preparing 
idli improves the palatability of these prepa¬ 
rations. However, replacement by 50 per 
cent in case of dosa causes slight deteriora¬ 
tion in the acceptability, whereas replace- ^ 
ment by 25 per cent does not adversely 
affect the palatability of cakes, khurma, 
namkin and khurma-meetha. 





Marketing of soy flour could be realistic- 
ally based on its properties such as water 
absorption, doughmixing-tolerance, col¬ 
our, texture, flavour and other physical 
properties. There is a wide range of baked 
and confectionery items in which soy flour 
IS used. It has been shown that five per cent 
incorporation ol soy flour does not affect 
bread, whereas 20 per cent 
lev« IS safely recommended for other baked 
products 

Soy flour is also being commercially 
processed these days for beverages, soy 
ice-creams, soy candy, extrusion cooked 
products, weaning foods and soy nuts. 

Soy flour is also used a.s a protein source 
for growth of fungus in producing antibio¬ 
tics like streptomycin, penicillin, tetracy¬ 
cline and erythromycine. The annual de¬ 
mand for soy flour ^ the antibiotic indus¬ 
try in India exceeds 10,000 tonnes. 

Soy Production and Research Association 
(SPR.\) at Bareilly, up, has been marketing 
(L soya products on a commercial scale. The 
products include 'Nutri Nugget', based on 
100 per cent defatted flakes (50 per cent 
protein), ‘Protein Plus’, a weaning food 
extruded and ground from maize and defat¬ 
ted soy flour, and ‘Protesnac’, a soy rice 
.snack containing 15 per cent protein. Other 
soy-feedmg products of spra include Nut- 
nahar’(fuW f^at extrusion-cooked soy flour). 
‘Paushtikahar' (.soy-maize-sugar mixture) 
and Soy Panjeen' (a mixture of soya flour, 
wheat, sugar and banana flavour). Nutn 
Nuggets as a vegetable and Nutri Nuggets 
panir (cheese) made from soybean protein 
have become popular, especially among 
^vegetarians in India. 
r There is a substantial demand of soy 
products from poultry and animal feed 
industry too At present, the defatted soy¬ 
bean cake IS being exported for animal feed 
to S.E. Asia, Europe and African countries. 

Soymeal concentrate and isolate 

Soynieal is proce.ssed to prepare soy 
concentrate (containing 68 per cent pro¬ 
tein) and soy isolate (containing 92 per cent 
protein) to be used as a supplement for 
enriching proteins or for breakfast cereals, 
beverage powder and meat 1)115. Incorpora¬ 
tion of the isolate in meat bits improves the 
dehydration property of cooked meat bits. 
Popularising a blend of wheat flour with soy 
flour or soy protein isolate or concentrate is 
an important approach for combating the 
^ problem of protein-caloric malnutrition. 

Soy mUk 

In China and Japan soybean has been 


popular for its specific use as .soy milk and 
milk products to be used for daily consump¬ 
tion. Soy milk is extensively used for 
feeding infants in China. Soy cheese and 
curd are aLso prepared from soy milk. A 
start has also been made in India to 
popularise such products. Indeed, soy milk 
production has a great scope since the 
demand of people for milk in different parts 
of the country has not been met. In the hills 
particularly when the milk supply is m 
short supply, soy milk may meet the 
requirement. 

Use of soy milk is also a boon tor some 
children who are allergic to cow's milk. Its 
simple method of preparation and its diver¬ 
sified uses are encouraging factors for 
widespread use. In Maharashtra, a sm.ill 
plant has been set up to produce soy milk 
and .sov curd. Soy milk fortified with 
vitamins and minerals promotes good 
growth 

Fermented foods 

A number of fermented .sov products have 
been found to be acceptable to people. 
Some important ones include Soy Sauce. 
Mi.so, Natto and Tempeli. Thev are com¬ 
monly u.sed as dietary items in China, 
Japan. Korea and Indone.sid Muso is a 
popular food in Japan foi making soup.s 
Natto IS used a.s a side dish. Tempeh has a 
high nutiitive value and is easily digestible 
Cheese and cheese .spread lermented sov 
foods are also used 

S<^ oil 

Soy oil IS being extensively used in 
vanaspati mdustiy in India It has also 
industrial uses in the making of co.smetics. 
paints, varnishes, enamels, inks. stain.s. oil 
cloth, soaps, etc In USA, it is the chief 
edible oil for making margarine and for 
shortening purposes. In recent years, soy 
oil demand has substantially increased, and 
this IS being met by imports from USA 


Soy oil IS a good source of edible lecithin 
for use as a food emulsifying agent in bread 
and other bakery products, in chocolate and* 
pharmaceutical products. Incorporation of 
soy lecithin in the dough keeps chapaties 
soft and fresh for a longer time. This 
property may be ot particular interest to the 
defence services which are mteicsted in the 
preservation of chapatie.^. 

Future scope 

The future of soybean is bright. But it 
would greatly depend on the development 
of other industries for proper soybean 
utilisation in the preparation of various 
.soybean products and beverages, and also in 
the development of animal and poultry 
feeds For this purpu.se. efforts of food 
technolugi.sts, industrial engineers, nutri¬ 
tionists and home economists are needed. 
Catering training institutes, loo, have an 
important role to play by training people on 
the use ot countless food products prepared 
from soybean. 

Exploitation of soybean for supplement¬ 
ing the cereal-based diet can help in 
combating the problem ot protein-calorie 
malnutrition In Israel and Columbia, addi¬ 
tion ol fivi per cent soy flour in bread has 
been made conipul.sory hy law A similar 
step m.iy greatly help the soybean develop¬ 
ment pMtgramnie in India too Modern 
bakeries Ltd fIndia) has been forti/ying 
bread with soy flour 

Balanced development of agricultural 
and indu.stri.il sectors can gieatly enhance 
soybean piodiiction in tlie country Be.sides 
combating malnutrition, the country’s eco¬ 
nomy will improve since at pre.sent we are 
spending crores in foreign exchange on 
importing soybean oil 

Y. P. Gupta 

Dr Cupta t.s a senior scientist at the Indian 
Ayncultural Research Imtitute, Netv Delhi . 
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MODELLING THE MIND 


Joseph Weizenbaum 



S ometimes a very complex idea 
enters the public constmusness in 
a form so highly simplified that it 
is little more than a caricature of 
the original, yet this mere sketch of the 
original idea may nev'ertheless change the 
popular conception of reality dramatically. 
For example, consider Einstein's theory of 
relativity. Ju.st how and why this highly 
abstract mathematical theory attracted the 
attention of the general public at all. let 
alone why it became for a time virtually a 
public mania and its author a pop-culture 
hero, will probably never be understood. 
But the same public which clung to the 
myth that only five people in the world 
could understand the theory, and which 
thus acknowledged its awe of it. also saw 
the theory as providing a new basis for 
cultural pluralism, after all. science had 
now established that everything is relative. 
A more recent example may be found in the 
popular reception of the work of F. Crick 
and J. D Watson, who shared the Nobel 
prize in Medicine in 1962 for their studies 
of the molecular structure of DNA, the 
nucleic acid within the living cell that 
transmits the hereditary pattern. Here 
again highly technical results, reported in a 
language not at all comprehensible to the 
layman, were gro.ssly oversimplified and 
oveigeneralized in the public mind into the 
now-popular impression that it is already 
possible, to design a human being to 
specificatmns decided on in advance What 
the^ie two examples have in common is that 
both have introduc<‘d new metaphors into 
the common wisdom 
Often the heuristic value of a metaphor is 
not that It expre.sses a new idea, which it 
may or may not do. hut that it encourages 
the transfer ot insights, derived from one of 
its con(ext.s. into its other context Its 
function thus closely resembles that of a 
model 

The results announced b\ Crick and 
Watson fell on a soil already prepared by the 
public's vague understanding ot computets. 
computer circuitry, and information theory 
twith Its emphasis on codes and coding), 
and, of course, by its s(»mc'what more 
accurate unJeislar^Jing ot Mendeiian gene 
tics, inheritanic of traits, and so on Hence 
It was easy tor the public to see the 
“cracking" of the genetic code as an un¬ 
raveling of a computer priigram, and the 
discoscr\’ ot the double-helix structure oi 
the DNA molecule as an explication of a 
computer's basic wiring diagram. The cou¬ 
pling of such a conceptual framewoik to 


one that sees man as a physical object 
virtually compels the conclusion that man 
may be designed and engineered to specifi¬ 
cation. 

The example from molecular biology 
illustrates an overextension of a metaphor 
in another sense: there the extent of what 
we know about the human as a biological 
organism is vastly exaggerated The result 
is. to say the least, a premature closure of 
ideas. The metaphor, in other words, sug¬ 
gests the belief that everything that needs 
to be known is known 

The computer ha.s becor^ie a source of 
truly powerful and often useful metaphors 
Curiously, just as with the examples already 
cited, the pubhe embrace of the computer 
metaphor rests on only the vaguest under¬ 
standing of a difficult and complex scientific 
<oncept (here, the theory of computability 
and the results of Turing and Church 
concerning the universality of certain com¬ 
puting schemes) The public vaguele under¬ 
stands -hut IS noi itheless firmly con¬ 
vinced - that any effecti/e procedure can. in 
principle, he carried out by a computer. 
Since man. nature, and even society carry 
out procedures that are surely “effective" in 
one way or another, it follows that a 
computer can at least imitate man, nature, 
and society in all their procedural a.spects. 
Hence everything (that woid again') is at 
least potentially understandable in terms of 
computer models and metaphors. Indeed, 


on the basis of this unwarranted generaliza¬ 
tion of the words “effective' and “proce¬ 
dure". the word “understanding" is also 
redefined To tho.se fully in the grip of the 
computer metaphor, to understand X is to 
be able to write a computer program that 
realizes X 

One area of psychology was extraordi¬ 
narily well-prepared to benefit from a fusion 
with the kind of proce.ss-<iriented thinking 
characteristic of computer scientcsts, it was 
the irea which concerns itself with the 
cognitive processes underlying the acquisi¬ 
tion and memorization of information An 
enormous amount of laboratory work had 
been done on, for example, the task of 
memorizing co-called nonsen.sp syllables. 
One form ot an experiment that has been 
performed bv countle.ss psychological labor¬ 
atories IS to present a subject with, say. a 
dozen pairs ol three-letter syllables, one 
pair at a time, and to ask him, on each fbut 
the first) presentation of the first of the 
pair, to say what the second is. The syllables 
are carefully chosen to be inherently mcan- 
ingle.ss Thus, for example. CAT is not a 
nonsense syllable, but PAG is. Subjects are 
exposed to the list, one pair at a time, 
repeatedly until they are able to give the 
correct response item to each stimulus 
item. Edward S. Feigenbaum reported: 

“The phenomena of rote learning are 
well-studied, stable, and reproducible. For 
example, in the typical behavioural output 
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of a subject, one finds: 

a. Failures to respond to a stimulus are 
more numerous than overt errors. 

b. Overt errors are generally attributable to 
confusion by the subject between similar 
stimuli or similar responses. 

c. Associations which are given correctly 
oyer a number of trials sometimes are 
^ forgotten, only to reappear and later 
dfsappear again. This phenomenon has 
been called oscillation. 

d. If a list of X of syllables or syllable pairs is 
learned to the criterion; then a list y is 
similarly learned: and finally retention of 
list X IS tested; the subject's ability to give 
the correct x response is degraded by the 
interpolated learning. The degradation is 
called retroactive inhibition. The overt 
errors made in the retest trial are gener¬ 
ally intrusions from the list y. The 
phenomenon disappears rapidly. Usually 
after the first retest trial, list x has been 
relearned back to criterion. 

y As one makes the stimulus syllables more 
and more similar, learning takes more 
trials." 

Feigenbaum. currently a professor of 
computer science at Stanford University, 
conjectured that this sort of learning task 
involved the subject in an active, complex 
symbol-manipulation pro-elementary sym¬ 
bol-manipulation processes of just the kind 
that can be programmed for a computer. 

Of course, nothing would have been 
easier than to write a small program for a 
computer which would have enabled an 
experimenter to give the computer lists of 
nonsense syllables that the computer could 
^len reproduce perfectly after the first 
nnal". The task Feigenbaum set for himself 
harder: to produce, in the form of a 
computer program, a model of cognitive 
processes whose over-all behaviour woi^d 
closely approximate that of human subjects 
engaged in memorizing non.sense syllables, 
and whose detailed internal functions 
would constitute a theoretical explanation 
of the difficulties actually observed in 
experiments. Moreover, he wished his ex 
planations to be at least consistent with 
such psychological observations as, for 
example, that humans have both short¬ 
term memories, in which they can appa¬ 
rently hold a few symbols for instant recall 
during a short period of time, and longer- 
term memories, in which an almost unli¬ 
mited amount of information can be stored 
from which individual items can be 
retrieved only at the expense of some effort. 
If this '‘effort” to remember is thought of as 
the computational effort involved in execut¬ 


We present exclusive excerpts from a controversial and 
much-acclaimed critique of computers by one of the 
world’s topmost computer scientists, the tnan who 
invented the ELIZA programme 


ing a perhaps long sub-routine, it becomes 
obvious how one can begin to apply the 
computer metaphor. 

Feigenbaum's central idea is for the 
computer to store descriptions of the syll¬ 
ables presented to it, not the actual syllables 
themselves. The syllable DAX, for example, 
may be described by the fact that its first 
letter has a vertical leading edge and 
contains a closed loop, that its second letter 
contains a horizontal middle bar, and so on. 
When a syllable is first presented to the 
system, a description of it just sufficiently 
detailed to allow it to be discriminated from 
the syllables already stored is added to 
storage. If it is a stimulus item, that is, the 
first of a syllable pair, then a "cue" consist¬ 
ing of a minimal description of the syllable 
with which it is to be associated is stored 
with it. Because all these descriptions are so 
minimal, the system often makes wrong 
associations when presented with stimulus 
items. But because the correct response 
item is presented whenever the system 


of each relevant descriptor. The system thus 
behaves very much as does a human 
confronted with the same task. 

Feigenbaum’s program, though by now 
very old (it was completed in 1959), re¬ 
mains instructive in at least two respects. 
First, it offers us a relatively simple example 
of what is meant by a model of a cognitive 
process in computer-program form. The 
way it organizes its information storage is 
meant to be a functional description of the 
human intermediale-term memory. As 
such, it explains, for example, how it may 
be that we can totally forget something for a 
long time and yet recall it again under 
certain circumstances. It cannot be that the 
allegedly forgotten item was simply wiped 
out of our minds, for if it were, we could ' 
never regain access to it. In Feigenbaum's 
model no information is ever destroyed. But 
information may be hidden, so to speak, by 
descriptors leading to other associations; 
thus one memory may screen or mask 
another. Sometimes a refinement of the 



makes such an error, the descriptive infor¬ 
mation then in play may be improved by 
adding further description to it. Eventually 
the system learns the li.st perfectly. When 
another list is then attempted, the descrip 
tions associated with it may again he 
confused with those corresponding to the 
first list, and vice versa. The system is thus 
capable of exhibiting retroactive inhibition. 
And clearly, as the items to be learned are 
made more and more similar to one 
another, an increasing number of trials is 
required to refine the discriminating power 


screening image (that is. ol a cue) is, in 
Feigenbaum’s system, all that is lequired to 
uncover (that is, to make again accessible) 
what wa.s previously masked. 

Feigenbaum's system also requires that 
the two syllables to be associated with one 
another be simultaneously available to the 
computer (that is, present in its store) fora 
short time. After a "cue” to the respon.se 
item has been associated with the descrip¬ 
tion of the stimulus syllable, the two 
syllables per se can be erased from the 
computer's store— m other words "forgot- 
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There is thus a part of his system that 
plausibly corresponds to what little psycho¬ 
logists know about the function of the 
hunuin short-term memory No one, least 
of all Feigenbaum, claims that his model 
constitutes "the " explanation for such phe- 
.nomena. But it is an explanation in a 
domain where explanations are rare. 

The second lespect in which Feigen- 
baum's program is instructive is that it 
behaves in ways which were not directly and 
deliberately "programmed in'\ as the saying 
goes. For example, the program exhibits 
what psychologists call interference; that is. 
the acquisition of a new association inter¬ 
feres with the production of an older one 
when the syllables involved have closely 
similar descriptions. The program contains 
no interference subroutine as such. The 
phenomenon arises as a consequence of the 
entire structure of the program, and 
appeared as a surprise to its designer. In 
that respect, then, the model predicted a 
behavioral phenomenon, which enormous¬ 
ly enhanced its plausibility. The progiam 
thus instructs us that the easy and much- 
repeated slogan "a computer does only what 
its programmer told it to do" is in certain 
respects quite wrong and is in any case 
problematical. 

The program we have been discussing is a 
member of a class of programs called 
"simulation programs”. Their object i.s to 
simulate the way humans accomplish cer¬ 
tain tasks, but decidedly not to accomplish 
those tasks in the most efficient way a 
computer possibly could VVe have noted, 
for example, that a computer could easily be 
programmed to “memorize” lists of non¬ 
sense syllables ^n one 'tnal" Rut that 
would teach us nothing about how humans 
might accomplish what appears at lea.st 
superficially to he the same task. 

The modern literature on problem solv¬ 
ing IS punctuated hv two important hooks, 
George Polya’s How to Solve It and Newell 
and Simon s Hurndn Problem Solving 

What Newell and Simon were later to call 
"the meansr- 4*nds method" was first sug¬ 
gested when the wav an early version ol 
their ligic-theor>’ machine proved theorems 
was compared with recordings “thinking 
aloud" sessions ot nonmathematics stu¬ 
dents attempting the same tasks These 
so-called protocols proved highly •Suggestive 
for further work Protocol laking. that is, 
watching other people solve problems, he 
came virtually a hallmark of Newell and 
Simon’s procedure 

The new information-processing psychol¬ 
ogy proceeds from the basic view 
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"that programmed computer and human 
problem solver are both species belonging 
to the genus 'Information Processing Sys¬ 
tem" (IPS)... 

"When we seek to explain the behaviourof 
human problem solvers (or computers for 
that matter), we discover that their flexibil¬ 
ity—their programmability—is the key to 
understanding them. Their viability de¬ 
pends upon their being able to behave 
adaptively in a wide range of environ¬ 
ments.... 

"If we carefully factor out the influences of 
the task environments from the influences 
of the underlying hardware components 
and organization, we reveal the true sim¬ 
plicity of the adaptive system. For. as we 
have seen, we need postulate only a very 
simple information processing system in 
order to account for human problem solv¬ 
ing in such tasks as chess, logic, and 
cryptarithmetic. The apparently complex 
behaviour of the information processing 
system in a given environment is produced 
by the interaction of the demands of that 
environment with a few basic parameters of 
system, particularly characteristics of its 
memories 

"Matters are .simple, not because the law of 
large numbers cancii.s things out. but 
because things line up m a means-ends 
chain in which only the c.id points count 
<ie equitinalit>') 

An information-processing system is 
therefore, in this context, a hardware com¬ 
puting system together with a program 
capable of executing eip's on stored symbol 
structures. It has. of course, input-output 
equipment, such as console typewriters, 
that enable adequate communication with 
the world outside itself. 

The most ambitious information¬ 
processing system that has been built for 


the purpose of studying human problem¬ 
solving behaviour is Newell and Simon's 
General Problem Solver (GPS). 

"The main methods of GPS jointly embody 
the heuristic of means-ends analysis- 
....Means-ends analysis is typified by the 
following kind of commonsense argument: 

I want to take my son to nursery school. 
What’s the difference between what I have 
and what I want? One of distance. What 
changes distance? My automobile. My auto¬ 
mobile won't work. What is needed to make 
it work? A new battery. What has new 
batteries? An auto repair shop. I want the 
repair shop to put in a new battery; but the 
shop doesn’t know I need one. What is the 
difficulty? One ot communication. What 
allows communication? A telephone ..and 
so on. 

This kind of analysis—classifying things in 
terms of the functions they serve, and 
oscillating among ends, functions required, 
and means to perform them—forms the 
basic system of heuristic ot GPS. More, 
precisely, this means-ends system of heuris-' 
tic assumes the following- 

1. If an object is given that is not the 
desired one, differences will be detectable 
between the available object and the 
desired object. 

2. Operators affect some features of their 
operands and leave others unchanged. 
Hence operators can be used to try to 
eliminate differences between the objects 
to which they are applied and desired 
objects. 

3. If a desired operator is not applicable, it 

may be profitable to modify it.s inputs so 
that It becomes applicable. ^ 

4. Some differences will prove more diffi -' 
cult to affect than others. It is profitable, 
therefore, to try to eliminate ‘difficult' 
differences, even at the cost of introduc¬ 
ing new differences of lesser difficulty. 
This process can be repeated as long as 
progress is being made toward eliminat¬ 
ing the more difficult differences.” 

To see how this works on one of the kinds 
of problems to which GPS has actually been 
applied, consider the following cryptarith¬ 
metic puzzle: 

DO 

IT 


TTD 

A subject IS told that the above is an 
encoding of a problem in ordinary addition, p. 
Each letter represents a number, and no 
two letters represent the same number. His 
task IS to assign numbers to the letters in 



i 


such a way that the given expression 
represents a correct addition. He is to 
produce a protocol, that is. to say out loud 
whai he is thinking. Following is one 
possible such protocol, interspersed with an 
analysis in GPS>like terms: 

Subject: D + I must be greater than 9 
because there is a carry to the next 
column. 

Augusts: The subject applied the operator 
''process column". 

Subject: T must be 1 since it is a carry. 
Analysis: The subject applied the operator 
“assign value". He has reached a 
subgoal and reduced the differ¬ 
ence between the given and the 
desired object. The “given object" 
is now 

DO 
+ 11 


HD 

^Subject' 0 must be at least 2. 

Analysis: The subject applied the operator 
“generate possible values" to 0. 
(There must have been some un¬ 
spoken tentative application of the 
operator “assign value" whose re¬ 
sults were rejected f 

Subject Let’s try 0 = 2. 

Analy.sis: The subject applied the operator 
“a.ssign value" Another reduction 
of difference The “given object" is 
now 


113 

Subject. 1 “ 8. 

Analysis: The “assign value" operator is 
applied and the difference between 
the given object and the desired 
obiect removed The goal is 
reached. 

This is a much simpler problem than 
those typically given to subjects and the 
CPS A much more typical example of a 
problem that has been fully analyzed is 

DONALD 
+ GERALD 


1 ROBERT, 



where D = 5. The example we have worked 
out suffers from the additional fault that it 
does not display any wrong moves, back¬ 
tracking, and so on. Neverthele.ss it gives a 
general, if pale, idea of the way GPS works 
and of what a protocol is. 

It should also be understood that GPS is 
not the model of Newell and Simon's 
theory. GPS implies more about a distinct 
level of generality independent of the ti^ks 
to be accomplished than their theory re¬ 
quires, Indeed, there does not exist any one 
computer program that is a model of their 
theory. Instead there exists a number of 
programs, by no means all of them com¬ 
posed by Newell and Simon or their co¬ 
workers, that are substantially consistent 
with the theory and that employ the “mam 
methods of GI’S" listed above. It is the 
information-processing theory of man 
which concerns us here, not GPS a.s such 
And we are concerned with that theory 
precisely because it, in one variation or 
another, sometimes explicitly and some¬ 
times implicitly, underlies almost all the 
new information-processing psychology 
and constitutes virtually a dogma for the 
artificial’inlelligcnce community 

The basic conclusions the theory reaches 
are the following 

“All humans are information proces.sing 
systems, hence have certain basic organiza¬ 
tional feature.s m common, all humans have 
in common a few universal structural 
characteristics, such as nearlv identical 
memory parameters. The.se commonalities 
produce common characteristics ol be¬ 
haviour among all human problem solvers 

“Since the information processing .sys 
tern (i e the human seen as an information- 
processing sy.'item—J W.) ean be factored 
into (J) ba.sic structure, and (2) the con 
tents of long-term memorv (i e., programs 
and data), it lollows that any proposal for 
commonalitv among problem solvers not 
attributable directly to basic structure must 
be represented as an identity or sinitiaiity in 
the contents of the long-term memories 
in the production system or in other .stored 
memory .structures " 

(The theory) “proposes a system that, 
given enough time, can absorb any specifi- 


catton whatsoever—can become responsive 
to the full detail, say. of an encyclopaedia 
(or a library of them). Hence the theory 
places the determination of differences and 
similarities of behaviour directly upon the 
causes defining the content that will be 
stored in the human long-term memory. 

But the.se determinants of content are 
largely contingent upon the detail of the * 
individual's life history. This does not mean 
that the determining processes are arbitrary 
or capricious or unlawful. It means that the 
contents can be as varied as the range of 
physical, biological, and social phenomena 
that surround the individual and from 
which he extracts them ” 

The dream of the artificial intelligent¬ 
sia—a happy phrase the world owes to Dr. 
Louis Fein— IS, of course, to bring into the 
world “machines that think, that learn, and 
that create", and whose ability to do these 
things will increase until “the range of 
problems tfiey can handle will be coexten¬ 
sive with the range to which the human 
mind has been applied”. 

Of course, this euphoric promise is 
predicted precisely on a view of man as a 
GF8-like machine As Dr. Colhy .said, 

“A human therapist can be viewed as an 
information processor and decision maker 
with a set of decision rules which are closely 
linked to short-range and long-range 
goals.... He is guided in these decisions by 
rough empiric rules telling him what is 
appropriate to say and not to say in certain 
contexts “ 

The patient is, in other words, an object 
different from the desired obiecl. The 
Ihciapist’s task is tii detect the difference, 
using difference-detecting operators, and 
then to reduce it, using difference-reducing 
operalors, and so on. That is his "problem”! 
And tliat is how tar the computer metaphor 
has brought some of us. □ 


h ec from 'Computer and Human Reason ’* 
ha Jnsvph Weisenbaum, Penguin Books, J984. 
prne 1295 fdistributed m India by Penguin 
Oi'efseas Ltd 
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hexagon grid 

smoothens traffic flow R. Subnunaqyan 


R oads and highways play a 
prominent role in our lives. 
For transport and communi¬ 
cation they are indispensable. 
The ambitious developmental goals 
that we have set for ourselves make the 
integrated, standardised and automa- 
ti'Mroriented roads inevitable. Hence 
tl.^4election of a most advantageous 
road grid on which future roads could 
be built assumes importance. 

Civil engineers have not ex¬ 
perimented much with the available 
road grids because of their reluctance 
to break away from traditional 
approaches—right-angle crossing, 
long straight roads, convergence at 
focal places like palaces, temples, etc. 
However, the increasing demands of 
automation, high traffic densities and 
snaring costs of transport and route 
.installation make it imperative to 
choose a road grid that primarily meets 
these demands and smoothens the flow 
of traffic. 

A geometrical pattern, be it a triang¬ 
le, square or hexagon, on which roads 
could be built is called a road grid. 
Take, for instance, four roads meeting 
at a junction. These could be so con- 
.structed that they form a boundary of 
blocks in a particular geometrical pat¬ 
tern. 

We shall confine ourselves to three 
grid patterns—triangle, square and 
i^exagon. These arc known as pure grid 
'patterns because they involve straight 
roads meeting symmetrically at all 


Fig. I The Mta0e grid 


junctions in an identical manner and 
forming blocks, all of one regular shape 
and size. Table 1 gives the features of 
these three grids. 

Travel in the grids 

The simplest route between a start 
junction S and an end junction E 
involving a minimum travel distance 
can be identified in Pigs. 1, 2 and 3. 
The route is marked with small circles. 
Taking the triangle grid (Pig. 1), from 
S take that road whose direction passes 
closest to E such that angle STE equals 
120°. At T, turn and reach E. Similarly, 
for the square grid (Pig. 2) angle STE is 
90°. 

Unlike in the other two grids, in the 
hexagon grid (Fig. 3 on p. 48), straight line 
travel ‘through* junctions is not possi¬ 
ble. The main mode of travel in this 
grid is the “zigzag” mode, wherein one 
turns alternately left and right at suc¬ 
cessive junctions. One can take any of 
the three roads at the start junction S. 


But at the next junction one can start 
one of the two zigzags; one by turning 
left (then right, then left, etc) and 
another by turning right (then left, 
then right, etc). Thus six different 
zigzags are available from S. 

The six broken lines drawn from S 
are repeatedly touched by one or the 
other of these zigzags at alternate 
turnings. They can, therefore, be taken 
as indicating the “general" direction of 
the zigzags touching them. 

Six other zigzags are found at the end 
junction E. Two of these will intersect 
two zigzags from S, making an angle of 
12(P between the general directions. 
One of these two intersections is shown 
in Fig. 3 as T. 

The simplest and shortest route from 
S to E, is a zigzag from S to T followed 
by a zigzag from T to E. 

After identifying the minimum travel 
distance route for all the three grids, 
let us now consider the significant 
factors in choosing the best grid. 


Table 1 

Features 

- 1 

Triangle 
grid (Fig.l) 

■ 

Square grid 
(Fig. 2) 

Hexagon grid 
(Fig. 3) 

Angle between adjacent 
roads 

60“ 

90“ 

120“ 

Shape of blocks 

Triangle 

Square 

Hexagon 

Number of sides 

3 

4 

6 

Number of roads 
meeting at any junction 

6 

4 

3 
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Route length factor R 

For all types of service finds, the 
total length of the routes to he installed 
for unit area served will be a very 
important consideration, perhaps the 
most important. As this depends on the 
size of the blocks, we will compare grid 
patterns having blocks of the same 
area, say unit area. All portions of the 
routes of a grid are shared by two 
adjoining cells. The semi-perimeter of 
the unit-area block itself will thus be 
the route length factor R. 

The lower the value of R. the shorter 
will be the total length of routes to be 
provided for a given area; and lower the 
capital cost of the grid. We have R 
equal to 2.24, 2.00. and 1.86 for the 
triangle, square and the hexagon grid, 
respectively. 

Detour factor D 

The minimum distance to be covered 
in moving from a point S on the grid to 
another, E, also on the grid along the 
routes of the grid will, in general, be 
more than the straight line distance 
SE. The ratio of the former to the latter 
may aptly be called the detour factor D. 

D will vary, mainly with the orienta¬ 
tion of SE with the find directions. 
However, average values of I) for large 
areas compared to the blocks can be 
arrived at for the three pure grids. 

The lower the value of average de¬ 
tour factor, the more efficient or eco¬ 
nomical will be the grid in '^operation”. 
The average D for the triangle, square 
and the hexagon grid is 1.116, 1.296 
and 1.289, respectively. 


Traffic intersection factor 

This is an important factor for road 
and other grids involving "'traffic”. 

Consider the square grid junction of fouc 
roads, A, B, C and D in Pig. 4 on p. 49. 

The traffic in road A consists of two 
"road” streams (shown as thick lines 
with big arrows) one entering and the 
other leaving the junction. The road 
stream entering the junction at 'a', 
splits into three junction streams, ab 
turning left, ac going straight and ad 
turning right; and end up as parts of 
the ‘leaving’ road streams of B, C and 
D. 

The road streams entering the junc¬ 
tions B, C and D follow the same 
pattern. 

Thus a total of 12 junction streams 
(shown as dotted lines with vehicles 
on) are formed; four of which (ab, be, 
cd and da) do not intersect any 
other .stream. The remaining eight 
,stream.s intersect one another at 16 
intersections (shown as maroon dots). 
Table 2 gives results of similar con¬ 
siderations with the other two grids. 


The smaller the number of intersect¬ 
ing streams and intersections, the bet¬ 
ter—from many considerations, in¬ 
cluding traffic problems, cost of junc¬ 
tions and ease of automation. 

Turning factor 

In moving from one point to another 
along the grid routes, the fewer the 
turnings to be made, the better. The ^ 
triangle grid comes first, the square 
grid, second, and the hexagon grid last, 
considering this factor. The weightage 
of this factor gets reduced if we consid¬ 
er traffic islands, traffic control, auto¬ 
mation and the ea.se of the standard 
120 " turn of the hexagon. 

Block space utilisation factor 

Effective utilisation of the space in 
the blocks will depend upon their 
shapes. 

The triangle block with its acute r 
corners will be the least satisfactory 
one, while the hexagon block with 
obtu,se angles the most satisfactory. 


fUH* 2 

System 

Number of 
junction streams 

Number of 
tota] Intersecting 

Total 

Intersecting 

ma 

6 

3 

3 


12 

8 

16 

u 'mil 

■1 

24 

120 


The aesthetic factor 

For “visible” service grids-—like the 
road grid—this factor deserves con¬ 
sideration. 

After a look at the three figures, 1. 2 
and 3, it is safe to conclude that the 
hexagon grid will be considered the 
most pleasing mainly because its 
smooth obtuse angles result m near¬ 
circular blocks. The triangle grid will 
be the least preferred. 

The “merit ranks’’ of the three pure 
grids with respect to the various factory 
are given in Table 3 on p. 49. 

Even without quantifying the 
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Fig. 4 The aquan grid JuacUoa of four made 


weightages for all the factors, we c<vi the hexagonal grid is, on an “overall” 
reasonably conclude from Table 3 that basis, superior to the other two, and 


TdUa 3 

Merit ranks of grids 

Factor 

A 





Route length 

3 

2 

1 

Detour (average) 

1 

3 

2 

Stream crossing 

3 

2 

1 

Turnings 

1 

2 

3 

fBlock space utilisation 

3 

2 

1 

Aesthetic 

3 

2 

1 


should be the choice for future service 
gilds. In fact, the case for the hexagon 
is so strong that it is surprising that it 
has been ignored; especially, when we 
are constantly seeing that nature has 
adopted this shape extensively in its 
cellular structures. 

In view of the huge resources being 
spent on the development of all types of 
service grids, the earlier we consider 
the adoption of the hexagon grid, the 
better. □ 


Mr. Subrammyaa is Dquify Oikf Etecirical 
Engineer al Durgapur Steel Plant, WestBengaL 
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LEUKAEMIA LAID LOW' 

Anuradha Sowani 


M arch 4. 1983: Vandana 
Kadam a young girl of nine 
was being admitted in a 
specially prepared room at 
the Tata Memorial Hospital, Bombay. 
Every care was taken to ensure that 
Vandana did not come in contact with 
any disease-causing organisms. Her 
clothes, bedsheets, curtains, pillow¬ 
cases—everything in the room was 
sterile. Even foodstuffs were irradiated 
before going in Vandana's room to kill 
all the bacteria. Only the doctor on 
duty and one nurse could go in the 
room at a time. They too had to change 
their clothes and footwear in a room 
partitioned off from the rest of the 
floor. Then they had to wash their 
hands, nails and face thoroughly, and 
chan^ into a sterile gown, face mask 
and handgloves. Only then could they 
step in her room. 

All these stringent precautions were 
being taken because Vandana was suf¬ 
fering from leukaemia. Leukaemia is a 
name given to a group of diseases 
characterised by an abnormal and ex¬ 
cessive proliferation of leucopoietic 
cells diroughout the body. The bone 
marrow and lymph nodes are the 
tissues of origin and maturation of 
white blood cells (WBC). In leukaemias, 
the WBCs are formed in excessive quan¬ 
tities, are abnoimally developed and 
many immature forms escape into the 
general circulation. 

What causes the normally well con¬ 
trolled process of cell formation to go 
hiQfwire? No one really knows. There 
are many hints though. Defective chro¬ 
mosomes could be one answer. 
Cytogenetic studies show chromosom¬ 
al abnormalities in some forms of 
leukaemias. ‘Philadelphia chromo¬ 
some’—(an arm deleted or broken off 
from chromosome number twenty two) 
is characteristic of Chronic Myeloid 
Leukaemia (CML) Exposure to ionising 
radiation may produce chromosome 
damage and thus start the process of 
leukaemic changes in WBCs. After the 
atomic explosion, there was a pheno¬ 
menal increase in the number of cases 
of leukaemias in Hiroshima and Naga¬ 
saki. Recently, viruses have been 
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shown to be involved in causing 
leukaemias. Adult T cell leukaemia, 
both in Japan and in USA, was shown to 
be due to htlv— Human Tcell Lympho¬ 
ma—leukaemia virus. (T cells are a 
specific sub^*pe of WBC, involved in 
cellular immunity.) But for many 
leukaemias, no reason can be attri¬ 
buted. 

So that was the disease that had 
caught Vandana Kadam in its vice-like 
grip. She had a loss of appetite, was 
growing weaker and paler every d^. 


Her left eye had suddenly protruded 
out of the eye socket. On examination, 
the doctors found that her liver was 
enlarged and both eyes showed internal 
haemorrhage. So leukaemia was high 
on the list of suspects. 

Her blood report confirmed the di¬ 
agnosis. Her bonr marrow was produc¬ 
ing abnormal WBCs in excessive num¬ 
bers. These WBCs were overflowing into 
the general circulation and going to all 
her organs. They were getting cau^t 
in the liver, spleen, lymph nodes, 
behind the eye ball—and growing 
abnormally fest at each place. The left 
eye was protruding because of the 
pressure of such a growing mass. 


Since all die space in the bone 
marrow was occupied by the abnormal 
WBCs no room was left for the RBCs (red 
blood cells) and hence she had grown 
anaemic. Since the platelet number 
was low her blood could not clot 
effectively. So she was developing 
haemorr^es everywhere. 

A chunk was then removed from Her 
hipbone and examined under the mic¬ 
roscope. It revealed the fype of 
leukaemia she was suffering from— 
‘Acute myelomonocytic leukaemia’. 


Treatment begw in October 1982. 
Five different anti-cancer drugs were 
given in combination. These drugs 
were pretty strong. They killed most of 
the leukaemic cells. So in November, 
Vandana went in a remission. The 
percentage of leukaemic cells came 
down from 84 per cent to 5 per cent, 
and remained thus till February 1983. 

But that was no cause for rejoicing, 
as that was not the end of her disease. 
Leukaemia is a recurring disease. Even 
if one leukaemic cell is left behind, it 
will divide, form many leukaemic cells 
which in their turn will beget many, 
more. Unfortunately, the drug-therapy 
cannot be continued in sufficiently 
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large doses with the aim of killing the 
last leukaemic cell, as the side effects 
get worse and worse. The patient suf¬ 
fers more hcom the side effects than 
from the disease itself. Besides, the 
anti-cancer drugs are not as specific for 
leukaemic cells as one would wish. 
The^ attack all fast-dividing cells. So 
theji/kill the normal bone marrow, 
inner lining of the intestines, skin, etc. 
So obviously, drugs cannot be the last 
word in the treatment of leukaemias. 

What is true of the anti-cancer drugs 
IS true of radiation therapy also. Ionis¬ 
ing radiations have adverse effects on 
cancer cells as well as surrounding 
normal cells. So radiation therapy has 
to be stopped beyond a certain limit. 

Does that mean that killing the last 
leukaemic cell in a patient’s body will 
remain an unattainable, elusive dream? 
^o, it can be done but at the cost of 
filing off all the normal bone marrow 
along with the abnormal marrow. But 
there is a way out of such a tricky 
situation. After killing off the last 
leukaemic cell, the normal bone mar¬ 
row can be replaced. Some one else’s 
healthy marrow can be put inside the 
patient’s body and it works just as well. 

Such bone marrow transplants had 
succeeded in dogs and mice. They were 
tried out in human beings in 1950 but 
failed miserably. The patient’s body 
recognised that the donor’s marrow 
not its own. Promptly, all the 
itnmunological mechanisms geared to 
ward off invasion by foreign material 
came into play and the graft was 
rejected. The foreign marrow would die 
off, and so did the patient. 

Slowly, medical research unveiled 
mechanisms involved in recognising 
foreign material, and consequently, 
rejecting it. The discovery of hla sys¬ 
tem (Histocompatibility system) was 
the turning point in bone marrow and 
other organ transplants. 

The situation is similar to that of 
blood transfusion. Just as the blood is 
identified by the blood groups, the 
tissues, including the bone marrow, 

a t identified by the HU groups. Grafts 
laring a different HU marker is 
promptly destroyed by the host. 




Ooefon enoi/m Paodma Aeftirv fftc ffwis- 
pbnt. Tbt gin of the Me swing bone 
maimr to Vanduia came from her brother 
(above) Umeab 

There is only one exception to the 
rule—identical twins. They are identic¬ 
al in every respect, even their HU types. 
So the doctors used identical twins for 
organ transplants—and it worked! 
There was no rejection at all. The 
patient’s body accepted tissues from 
the patient’s identical twin without 
turning a hair. 

Slowly, many other helpful discover¬ 
ies ware made. Drugs that could con¬ 
trol or suppress immunological reac¬ 
tions came to light. Tpn. another mi^or 
discovery, though rather unrelated to a 
bone marrow transplant, made such a 
transplant possible, tpn means total 
parenteral nutrition. While going 
throu^ the rigorous procedures aimed 
at killing all the leukaemic cells, the 


patient’s mucous membrane of the oral 
cavity and intestinal lining suffer heavi¬ 
ly. The patient cannot swallow any¬ 
thing. Giving ordinary glucose prepara¬ 
tions intravenously is no help, since 
the amount of calories that can be 
given in 24 hours are just not sufficient 
to fulfil the patient's every day energy 
requirements. Increasing the glucose 
percentage increases problems, since 
high level of glucose invites fungal and 
bacterial growth. To avoid all such 
problems, very high level of glucose, 
fats, proteins etc. can be put directly 
into the heart chambers—through a 
thick tube inserted in the neck veins. 
The blood flow near the heart is so 
speedy that glucose does not stagnate 
at one place, so there is no chance for 
harmful invaders to grow. 

When HLA type differences and nutri¬ 
tion are taken care of, bone marrow 
transplant is possible even when the 
donor is not an identical twin of the 
patient. 

Vandana was therefore called to 
Bombay for the ti.ssue typing and 
matching tests along with her entire 
family. All the family members under¬ 
went many tests to decide their blood 
groups, general health and tissue 
types—mainly by the hla typing 
method. Scientists at the Cancer Re¬ 
search Institute (CRD at Bombay under¬ 
took all these tests. Out of four sibl¬ 
ings, two matched exactly—Vandana 
and her younger brother Umesh (7Vi). 

The HLA group composition of the 
Kadam family, father, mother and the 
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four children, was as given beiow: 

Mr. Kadam Mrs. Kadam 

Ag/Bss Ag/Bi2 

A1/B15 AI9/B7 

Vcndma Sharda Suresh Umesh 
Ag/Bjs Ai/B] 5 Ag/Bsg A9/B35 
A19/B12 Ai<>/B 7 Aig/B 7 Ai 9 /Bi 2 

Three days after Vandana was admit¬ 
ted to the special ward, that is, on 7th 
March, 19^, prophylactic antibiotics 
were started. Blood, urine, stools and 
sputum were examined repeatedly, to 
detect the presence of infection, if any. 

9th March 1983. A small but very 
important operation was performed on 
Vandana. A thick, siliconised tube was 
put in the right atrium (upper heart 
chamber) through jugular veins. 
Henceforth, all the necessary nutrients 
would be put into the blood stream 
directly through that tube. A carefully 
prepared solution was used for that 
purpose, which contained meticulously 
calculated amounts of amino acids, 
carbohydrates, fats and fatty acids, 
minerals and vitamins. 

12th and 13th March, very large 
doses of a very potent anti cancer 
drug—cyclophosphamide were given 
on those days to kill as many leukemic 
cell as possible. 

15th to 20th March, 1983—^Very 
high doses of whole body irradiation 
were administered to round off any 
leukemic rdls lurking behind. The 
exact position of Vandana’s body to 
receive maximum benefit from the 
irradiation was decided with the help of 
a dummy. The dummy was prepared 
well in advance, exactly matching Van- 
dana's body shape and weight, and 
many trials taken to decide the final 
position. Special radio opaque shields 
were prepared to protect Vandana's 
lungs. Normally a radiation dose of 
500-600 rads is fatal. Vandana. howev¬ 
er, received 1200 rads altogether, dis¬ 
tributed over six days. The aim was to 
make sure that even the last leukemic 
cell was killed. But such a high dose did 
not leave the normal tissues unscatch- 
ed. Vandana developed large and pain¬ 
ful ulcers on her lips and inside her 
oral cavity. She could not swallow any 
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food, not even water. Her hair fell off 
and her skin became pigmented. She 
developed fever that refused to come 
down even after extensive medication. 

On 20th March 1983 the T-time, 
transplant-time had finally arrived. All 
the doctors involved had their hearts in 
their mouths. They were in a difficult 
dilemma—should they proceed with 
the experiment or give it up? Vandana 
was to receive her last dose of radiation 
on the 20th morning. But she was very 
very sick. She was hardly conscious. 
She was running very high tempera¬ 
ture—the mercury in the thermometer 
quickly climbed to 108°P. May be the 
actual temperature was even more, 
since lOST was the last mark. Could 
she toleiate the radiation session? 
What if she died in the process? 

It was a very difficult choice exerting 
a tremendous responsibility on the 
doctors. Should they go ahead as plan¬ 
ned? Should they wait for the tempera¬ 


ture to come down? Should they cancel 
the whole thing—as the chances of 
success were very slim under such . 
grim conditions? 

The doctors made a brave choice and 
decided to go ahead. Vandana’s father 
agreed—^Vandana received her last 
dose. If death was facing either way, th^ 
doctors felt, why not give her a chance 
to live, however blender? 

Umesh was taken in the operation 
theatre, anaesthetised, and his bone 
marrow was aspirated from his hip 
bone. About 300 cc of marrow was 
collected. At any one puncture site only 
2-5 cc of marrow could be collected, as < 
otherwise blood started seeping in and 
diluted the marrow. So his hip bone 
had to be punctured hundreds of times 
by a team of doctors to collect enough 
marrow. Of course, Umesh did not feel I 
a thing, being under the influence o!'^ 
anaesthesia. 

The marrow thus collected was then 
strained through a stainless steel mesh 


The tniupleatMoa of Vandane’t bone marrow in progreat. Sottee the large team 
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to separate it from any bony spicules. 
The marrow, cleared of all contami¬ 
nants, was promptly put in sterile 
plastic bags. The bags were immediate¬ 
ly transported to Vandana’s room and 
attached to a tube put inside her veins. 
Just like an ordinary blood transfusion. 
th;«Aarrow was run in her circulation. 

The next twenty four hours were the 
most critical. If Umesh’s marrow was to 
be rejected, a severe reaction would set 
in during that period. So a constant 
vigil was kept by Vandana’s bedside. 
Her pulse, temperature, respiratory 
pattern every minute detail was watch¬ 
ed and recorded thoroughly. 

She could tide over the critical first 
postoperative day fairly well, but a new 
problem arose. She started running 
temperature. The fever was very erra¬ 
tic, had very high spikes and it refused 
.^o budge in spite of the latest, very 
costly antibiotics being flown in from 
abroad. All the tests carried out to 
detect presence of pathogens were 
negative—blood culture, urine culture, 
sputum culture failed to reveal the 
causative organisms. 

Ultimately, antifungal agents were 
started on the off chance that she may 
have had a fungal infection in her 
blood. That therapy was started on the 
llth postpoperative day. It produced 
prompt results and the temperature 

« ttled back to a normal level. So those 
edicines were continued for the next 
eight days. 

Giving bone marrow cells just like a 
blood transfusion sounds funny, but jt 
can be done because of an interesting 
characteristic of all bone marrow 
cells—they have a ‘homing’ mechan¬ 
ism. They have receptors on their cell 
surfaces. These receptors recognise the 
bone marrow, cavity when the cells 
reach there. The cells then settle in and 
Stan multiplying and differentiating, 
producing the three different cell 
linesr--WBCs, rbcs and platelets. Even 
one viable bone marrow cell may be 
enough to repopulate the whole mar- 
*Tow, but to ensure success, many cells 
lare put in. The exact amount is calcu¬ 
lated on the basis of the patient’s body 
weight. 
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These processes of multiplication 
and differentiation take time. The pa¬ 
tient’s own marrow is already destroyed 
by the extensive chemo- and radio¬ 
therapy. So replacement is necessary 
from time to time. A cell separator is a 
specialised instrument that separates 
donor’s blood into four components— 
serum, RBCs, WBCs and platelets. Any of 
these can be given to the patient as 
necessary. 

The cell separator was kept running 
day and night to satis^* Vandana’s 
needs. RBCshad to be given only thrice, 
but repeated platelet transfusions had 
to be given, as her own platelet counts 
remained dangerously low for forty-two 
days. 

On the 17th postoperative day, Van- 
dana started eating orally. The silico- 
nised tube in her neck was removed. 

Various tests were done to confirm 
success of the bone marrow transplant. 
Vandana’s WBC count increased steadily 
and reached normal levels on the 21st 
postoperative day. Her bone marrow 
biopsy revealed all three cell lines— 
WBC, RBC and platelets growing nor¬ 
mally. 

One objection could still be raued. 
How could one know those were 
Umesh’s cells? They could have been 
Vandana’s own cells that had escaped 
destruction and had started growing 
again’. 

Sudi an objection could easily be 
answered. The proof for success was 
very neat and noncontroversial—the 
sex chromosomes! Vandana’s cells, 
being female cells, possessed 'XX' chro¬ 


mosomes. Umesh’s cells, on the other 
hand, were ‘XV. Since only the marrow 
cells that were dividing and repopulat¬ 
ing her marrow had come from 
Umesh’s body, those cells and their 
progeny were showing XY chromo¬ 
somes, whereas all the other cells in 
Vandana’s body were showing 'XX' chro¬ 
mosomes. Presence of Y chromosome 
was a very convincing piece of evidence 
to prove that Umesh’s cells had taken 
root in Vandana’s body. 

The whole success- story, of course, 
had a price tag—a whopping Rs. 
1,93,000/-. 'The very cost raises many 
relevant questions. Is it morally and 
ethically right to spend that kind of 
money for one procedure when even 
basic medical facilities are beyond the 
scope for most? Or is it another pri¬ 
vilege that only the rich can enjoy? In 
short, can our country afford to do it 
again and again? 

It will be wVong to jump to any 
conclusions or get scared by the mas¬ 
sive figure. The first marrow transplant 
was so costly because it was the first. As 
the basic unit is set up and functioning 
on a regular basis, unnecessary precau¬ 
tions and duplications can be curtailed 
and time and money can be saved. 
Then the procedure will not remain 
more costly than the advanced surger¬ 
ies being carried out on heart or brain 
in our country at many centres. 

The most important argument in 
favour of a transplant is that it cures a 
disease that was hitherto uncurable— 
that too in children, who have all their 
lives ahead of them. 

The first successful bone marrow 
transplant has shown very clearly that 
in our country, nothing is impossible 
when the latest knowledge, instru¬ 
ments, sheer determination and hard 
work come together. □ 


Dr SnuHttu rt a prachsmg consultant Physt- 
ctan at Putk. She had earlier receiivd training in 
cancer chemotherapy at The Tala Memunat 
Hospital, Bombay and has conducted carKer 
research at the Institute of Medical Sciences. 
Tokyo, lapan 
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When ShigeUa 
struck... 

dysentery in epidemic form 
raged in West Bengal 




S HIGELLA has become almost 
a household name in West 
Bengal signifying panic. The 
dysentery caused 1^ the bac¬ 
terium of the genus Shigella affected 
nearly 80,000 people this year with 
death toil crossing 2,000, 80 per cent 
casualties being children. Wild 
rumours, ignorance and the furore in 
newspapers substantially further added 
to the panic. But strangely, these same 
factors spurred the administration into 
action, howsoever belated, and people 
who were generally averse to doctors 
and health centres, rushed to them at 
the slightest symptom of the disease. 

It was around middle of March, 
1984, that the dysentery epidemic 
struck West Bengal. Within two 
months all the 16 districts of the State 
came under its deadly spell. In West 
Bengal, extensive curative and preven¬ 
tive measures brought down the rate of 
incidence and death to a considerable 
extent. The epidemic started spreading 
to other states like Assam, Tripura, 
Orissa, UP. Bihar, Himaclial Pradesh 


and Rajasthan in July 1984. Perhaps it 
may have turned into a national prob¬ 
lem but for the timely rains. 

Shigellosis - a global prablem 

Shigella bacillary dysentery or 
shigellosis has a global distribution 
with highest prevalence in countries 
where hygiene is poor. Of the various 
types of shigellosis, the infection due to 
Shigella shigae (Shi. dysenteriae 1) is the 
most virulent in character and often 
spreads in epidemic form. This type of 
infection has been uncommon in 
Europe and North America since 1920. 
But developing countries have a diffe¬ 
rent story, with frequent epidemics 
claiming several thousands of lives and 
rendering a vast majority weak and 
helpless. 

Shigella shigae or Sh. dysenteriae 1 
was discovered by a Japanese scientist 
Dr. Shiga in 1896 and was named after 
him. There are 34 serotypes of Shigella, 
intimately related micro organisms dis¬ 
tinguished only by their antigenic com¬ 
position. The hrst member Sh. rfysen- 


teriae 1 produces the most severe 
disease with various complications. On 
the basis of biochemical and serological 
reactions, the genus Shigella is com¬ 
monly divided into four species: Sh. 
dysenteriae, Sh. flexneri, Sh. bqydii 
and Sh. sonnei. There are 10 serotypest 
of Sh. dysenteriae, eight of Sh. flexneri 
and 15 of Sh. boydii. The varied sero¬ 
types of the Shigella bacterium should 
give us some idea of the complexity of 
the disease, especially in its wide spec¬ 
trum of symptoms and the line of 
treatment to be followed. 

The most common symptoms are 
frequent passage of stools with blood 
and mucus, abdominal cramps, painful 
and ineffectual straining to relieve the 
bowels (tenesmus) and fever. Persons 
affected with Sh. dysenteriae 1 may 
pass any number of stools from 10 to 
70 per day. Visualisation of the interior 
of large intestine with an endoscope 
reveals a diffuse inflammation of lining,, 
of colon, mostly confined to the rectum 
and sigmoid colon and sometimes ex¬ 
tending as Iv as the caecum in the 
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The author writes about the recent West Bengal 
epidemic on the basis of field visits and talks with 
several government and health officials 


abdominal cavity. Ulceration and per¬ 
foration of the intestinal wall with 
bleeding may also occur, and pa¬ 
tients often die of septicaemic shock or 
blood poisoning, when the infection is 
disseminated in the body through the 
bloodstream. 

' *^udies show that virulence of 
Sftgella (fysenteriae 1 lies in the three 
kinds of toxins liberated by it. Of these, 
the cytotoxin is responsible for inflam¬ 
mation and ulceration in the large 
intestine and enterotoxin causes watery 
diarrhoea, which, according to some 
experts, has been misunderstood as 
common gastroenteritis in the present 
epidemic in West Bengal. The third 
kind of shigae toxin, the neurotoxin, 
may give rise to several complications 
like paralysis, seizures, ieukemoid 
reactions, septicaemia and pulmonary 
involvement. 

Man is both the reservoir and natural 
host of all types of Shigella. Infection is 
by the faecal-oral route, from hand to 
mouth—^water taps, door-handles, 
lavatory seats often act as transmitting 
agents. It also spreads through con¬ 
taminated food or drink and water, 
though Shigella bacilli are not essen¬ 
tially water-borne. Where excreta dis¬ 
posal facilities are inadequate, particu¬ 
larly in rural areas, flies may be an 
important vector in the transmission of 
shigellosis. But the most common 
^ode of spread is by person-to-person 
transmission. 

It has been established by both 
laboratory and clinical studies that 
Shigella (fysenteriae 1 has multiple 
drug resistance. It responds to few 
specific drugs like furazolidone, 
neomycin, gentamycin and nalidixic 
acid. Doctors handling large number of 
patients in different parts of Wf.«t 
Bengal have al») been facing the prob¬ 
lem of drug resistance. 

West Bengal scene 

At the request of the Department of 
Health, Govt, of West Bengal, a team of 
scientists from the National Institute of 

f holera and Enteric Disea.ses, I.C.M.R., 
alcutta, carried out an investigation 
on the outbreak of acute diarrhoeal 
diseases in a village in Hooghly district. 


72 kms from Calcutta. Sh. (fysenteriae, 
type 1 in six cases and type 2 in one 
case was isolated from 22 samples 
collected from 91 affected persons. The 
percentage of Shigella isolation was 
31.8. As Shigella type 1 is known to 
spread like wildfire, the Health Depart¬ 
ment was immediately alerted by the 
lastitute to take quick measures 
against the disease. Since early April, 
this unusual type of dysentery 
began to spread from village to village, 
from district to district, truly like 
wildfire, which is a typical characteris¬ 
tic of Shigella (fysenteriae 1. Urban and 
municipal areas were also not spared. 

According to an expert from the All 
India Institute of Hygiene and Public 
Health, Calcutta, the start of tlie epide¬ 
mic may be traced back to October 
1983, when a village named Kaladanga 
in the Murshidabad district of West 
Bengal, was struck by a virulent type of 
dysentery affecting 45 persons and 


Im* ofpolabk water forced peopk to tap 
any water aouree 



causing seven deaths. The incidence has 
been gradually increasing since then. A 
number of experts and doctors believed 
that most of the cases were due to 
chronic amoebiasis, giardiasis, worm 
infection, gastroenteritis, and even 
cholera, which has been plaguing this 
state for centuries. In foct, cholera is a 
regular pre-monsoon feature. They say 
that this year, a severe type of shigello¬ 
sis has been added to this age-old 
malady, but its occurrence is not more 
than 10 per cent. 

A 10 per cent isolation of Shigella 
(fysenteriae 1 was obtained by the 
School of Tropical Medicine, Calcutta, 
which is a state govt, research institu¬ 
tion. On the other hand, tests under¬ 
taken in the prestigious National Insti¬ 
tute of Cholera and Enteric Diseases, 
Calcutta, where the most modern tech¬ 
niques of identification are being ap¬ 
plied, revealed 32 per cent isolation of 
Shigella (fysenteriae type I. Out of 447 
stool samples examined from 
different hospitals in and around Cal¬ 
cutta, Shigella dysenteriae type 1 was 
found in 158 (35.3 per cent) and all 
species of Shigella from 52.3 per cent, 

A team from Nilratan Sarkar College 
and Ho.spita) obtained 25 per cent 
isolation of Shigella type 1 in stool 
samples collected from the most 
affected Coochbehar district of north¬ 
ern West Bengal. According to the 
eminent microbiologist Dr. S. C. Pal, 
Director, National Institute of Cholera 
and RInteric Diseases, Calcutta, the 
picture would be more or less the same 
in other affected districts also. Moreov¬ 
er, the rapidity and mode of spread of 
the epidemic, the specific symptoms in 
large number of patients, clearly indi¬ 
cate Shigella dysenteriae 1 as the chief 
causative agent, which is new to West 
Bengal. The r.asc.s where watery di¬ 
arrhoea or even gastroenieritis were 
found, may also be due to shigellosis, 
which often starts with watery di¬ 
arrhoea. 

Sources of infection 
How the infection of Shigella bacilli 
started in West Bengal is not definitely 
known. One of the chief causes may be 
scarcity of potable water in rural areas. 
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Drought at the beginning of summer 
and over-use of tubewells for irrigation 
resulting in the lowering of water 
table and compelling people in many 
villages to drink unsafe pond-water 
might have resulted in spread of infec¬ 
tion. Interestingly, water samples col¬ 
lected from different affected areas did 
not show presence of any Shigella 
pathogen on laboratory tests. 

The second transmitting agent is 
undoubtedly flies. In almost all villages 
in West Bengal there is no excreta 
disposal system and people defaecate in 
open fields and flics are in abundance. 
While visiting several affected villages 
in Murshidabad district, flies moving 
like shuttlecocks between fresh excreta 
of diseased children and uncovered 
food materials could be seen in a 
number of houses. 

Malnutrition, especially in children 
makes the poor more susceptible to 
.such diseases and ultimately death. In 
West Bengal, mostly children below 10 
years of age but above six months have 
died due to this epidemic. But those 
below six months have been rarely 
affected as they are mostly breast-fed 
and thus adequately immune to several 
diseases. However, well nourished chil¬ 
dren or adults are equally attacked by 
shigellosis. Mere nourishment cannot 
prevent the disea.se. but only smothers 
it. 

The fourth and probably the most 
prominent cause behind the epidemic 
is complete lack of sanitation and 
personal hygiene, which stems from 
absence of health education. A doctor 
of Berhampore, Murshidabad, narrated 
how one of the patients swallowed a few 
halogen tablets thinking that these 
would work as a vaccine against dy.sen- 
tery. Another young doctor from a 
Primary Health Centre expressed his 
harrowing experience of a village 
woman who used the same piece of 
cloth to clean both the anus and face of 
her diseased child. And the doctor 
failed to convince her how dangerous 
this practice was. Under such condi¬ 
tions) person-to-person transmission of 
the disease through food or water 
chain ts probable and that is 

what has adtually happened in West 
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Bengal. The epidemic has spread in 
jumps, from one house or village to 
another, leaving a few neighbouring 
houses or villages completely un¬ 
touched. 

Work on war footing 

At the onset of the epidemic the state 
government officials, health author¬ 
ities and field workers were utterly 
baffled and unprepared. But soon pre¬ 
ventive and curative measures were 
adopted on a war footing. Millions of 
halogen tablets, though far below the 
actual need, were distributed in 
affected areas. Shallow tubewells, espe¬ 
cially those with no cement platforms 
and open wells were disinfected by 
adding bleaching powder. Para-medical 
staff, panchayet members and workers 
of a number of voluntary organisations 
started campaigning for do’s and don’ts 
like: (1) drinking boiled or halogenated 
water, (2) covering faeces with soil. (3) 
covering food to protect it from flies, 
(4) avoiding the consumption of ex¬ 
posed raw vegetables and cut fruits, (5) 
washing the hands and mouth with 
soap before eating, and (6) using 
sufficient water for domestic work, as 
the disease is said to be “water- 
washed”. 

As for curative measures, the gov¬ 
ernment of West Bengal had already 
spent about three crores of rupees. 
Primary and subsidiary health centres, 
normally suffering from a dearth of 
drugs, were flooded with both conven¬ 
tional and sophisticated drugs. Para¬ 
medical staff was employed for door 
to-door treatment and for distribution 
of drugs in remote areas. Doctors and 
nurses worked round the clock with 
full dedication; voluntary organisations 
like Health Service Association and 
Junior Doctors' Council sent medical 
teams to the re • notest parts of the 
worst affected districts, where 
thou.sands of patients were treated in 
temporary camps. 

Generally a five-phase therapy was 
adopted for treatment. The first two 
phases consisted of using conventional 
diarrhoeal drugs and antibiotics of 
tetracycline group. 80 per cent of tlie 
cases responded to this treatment. On 


non-response, the patients were hospit¬ 
alised and kept on a furazolidone sus¬ 
pension. When this also foiled, gen- 
tamycin or nalidixic acid tablets were 
given. A few patients died even after 
that, maybe due to complete dehydra¬ 
tion or some undiagnosed complica¬ 
tions. X 

However, it is most unlikely thht 
such systematic therapy was under¬ 
taken in every affected area. The re¬ 
ports have been otherwise. In most 
areas drugs have been used according 
to supply and availability and not 
according to the needs ascertained by 
proper pathology tests. No specific 
directions of treatment were issued to 
the operating medical staff. A foil 
course of treatment could not be given 
to the maiority of the affected popula¬ 
tion. As a result, they developed drug 
resistance, aggravating the situation 
still further. 

Points to ponder 

This is not the first time that severe 
diarrhoeal diseases have occurred in 
West Bengal. May be Shigella dysenter- 
iae has made its first appearance in the 
state, but that does not minimise the 
previous record. According to a Bulle¬ 
tin of the Junior Doctors’ Council, 
Calcutta, diarrhoeal diseases took 
76,874 lives from 1970 to 1976 in West 
Bengal. In 1971 alone the death toll 
was 19,184. In fact, the maximum , 
death rate (3.6%) due to this year’s 
epidemic is much below the state’s 
average rate of death (5.75%) from 
such diseases. Somehow the state gov¬ 
ernment rose to the occasion this time. 

But the point is not to contain the 
present epidemic and heave a sigh of 
relief. Control and preventive measures 
must be a sustained process. To wait 
for a disease and then to cure it is a 
negative approach, affecting the gamut 
of our health programmes. Unless a 
positive and a scientific master plan for 
prevention of diseases and health edu¬ 
cation of the masses is adopted “Health 
for all by 2U00 AD" will remain a 
utopian dream before us. 

Mr, Boat is a science miter and Journalist 
attached to Ammda Bazar MrUat, Calcutta 



I ERE is a book to definitely expand your mind; a 
j collection of one hundred historic scientific photo- 
I graphs accompanied by lucid summaries giving details, 
I background and anecdotes associated with each image. 
Each IS unique in some sense, some photographs are classics like 
Kontgene’s radiogram of his wife’s hand or the discovery of Pluto 
plates. Others, like the photographs which launched aerial 
ar-^<»cology, are Jess well known. There are curiosities like 
Mv^ay’s first unbroken filmstrip which catches a falling cat in lull 






Multiple exposures showing the Sun '5 annual path which has the 
shape of an analemma (top). Seen at left is life before birth. 
Above right is a false colour microwave image of the Antarctic 
winter. The ultraviolet veils of Venus are seen at bottom left 


somersault An unknown photographer has caught the last gape of 
the Tasmanian Tiger (which is now believed to he extinct). 

Beyond Vision more than a idtihv title |our own cover 
story (December 198.3) on the .subject was "Hevond the limits of ' 
the human eye*' | It nicely defines wliat is meant by a scientific 
photcigraph, "namely one which pn^vide.s intormation inaLce.ssihle 
to the human eye On all sidles, froni the submicro.scopic to the 
ci»smic, phologriiphv has ifie ability to expand our vision, to reveal 
invisible radiation, to caplun- fleeting events, to freeze vanishingly 
laint images, to reach remote regicnis of space and ocean which the 
naked eye cannot capture" Francis Thompson could be describ¬ 
ing scientific phfitography when he wrote, "0 woild invisible, we 
view thee 0 world unknowable, we know thec'Inapprehensible, 
we clutch thee " This siipeihiv designed and lavishly produced 
book also contains a concise histnr>’ of scientific photography □ 

‘^Beyond Vision" by Jon Darius, Oxford Ujriversity Press, 

£ IS 
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DR. BHIDE, POONA VARSITY VC 



D r. VISHNU CANESH BHIDK. Profes¬ 
sor and Chairman, School of Enei){y 
Studies and Materials Science. Poona Uni- 
versity, Pune, is appointed vice-chancellor 
of the university with elfeet from 23rd Auitust 
Dr. Bhide, a renowned phvsici^t. has 
made valuable contributions to several 
branches of solid state physics such as 
Mossbauer and X-ray spectroscopy, fer- 
roelectrics and liquid crystals 


llPfilAlN T6AS6R 


The field of Mossbauer spectroscopy is 
his speciality He showed experimentally, 
for the first time, the existence of the soft 
mode and its temperature dependence in 
ferroelectrics His studies on the after 
effects of decay of Mosebauer sources in 
various lattices brouftht out the existence 
and life times of non-equiIibrium charfte 
states 

His research in the field of ferroelectrics 
includes a suggestion of a new method to 
picture its domain walls He has also 
studied the domain dynamics in ferroelec¬ 
trics and ferromagnetics. 

He pioneered research and development 
in solar energy. He gave a new concept of 
structured selective coatings for solar ener¬ 
gy applications. 

A fellow of Royal Astronomical Society, 
Indian National Science Academy. Indian 
Academy of Science.s, Dr Bhide. is a 
member of the International Commission 
on the Application of the Mossbauer Effect 
He is also the director of the International 
Solar Energy Society. 


Dr. S. Varadarajan, 
Director General, CSIR 

D r S. VARADARAJAN has taken over as 
the Director General of Council of 
Scientific and Industrial Research fcsiRi 
and Secretary to the Government of Indii). 
Department of Science and Technology 
(DSTi. for L.MR affairs Until now he was 
secretary at DbT 

A.ssociated with csir for a long time. Dr. 
Varadarajan, was on its scientific commit¬ 
tees and the executive committee of the 



ISLAND OF 
QUESTIONERS 

T he island of questioners derives its 
name from the tact that the inhabi¬ 
tants never make any statements, they only 
ask questions The que.stions are answerable 
by only an yes or nu. 

Each 'nhabitant is one ol the two types Y' 
or N. The Y-type ask only those que.stions 
whose correct answer is'ye-s'.tho.se of type N 
ask questions whose correct answet is 'no' 
I once visited this island and met a couple 
named Suresh and Sumitra. 1 heard Sure.sh 
ask someone “Are Sumitra and I both hpe 
N"? 

What type is Sumitra^' 

(Solution next month) 


S. G. Deshmukh 


panel MbMui loaur 



Solution to August teaser 

Necklaces 



There are 18 different neckla ces. as 
shown in the figure. Sixty-three beads of 
each colour (we have used green colour 
instead of red) will be required. 


Central Food Technology Research Insti¬ 
tute, Mysore, since 196i He w'as the 
chairman of the Research Advisory Council 
of the National Chemical Laboratory. Pune 
He has been a member ot the editOMal 
boards of Indian Journal ot Cbemistn\ 
Research and Industry and othei t. sir jour¬ 
nals 

Fellow. Royal Institute of Chemistry. Dr 
Varadarajan is distinguished tot his original 
contiibution in the determmatum ot nuc¬ 
leic acids through X-iav crystallography 
His re.search wutk al.so includes the fields of 
chemistry of natural products, .synthesis 
and structure ot ksa and L)N\ and then 
functions 

Appleton Prize-1984 

T he Appleton Prize for Ionospheric 
Physics for 1984 has been awarded to 
Professor K D Cole of La Trobe Universih'. 
Melbourne. Australia, in recognition of his 
distinguished contributions to understand¬ 
ing the fundamental process taking 
place in the magnetosphere and ionos¬ 
phere. 

Professor Cole has played a leading lole 
in the Scientific Committee for Solar Ter¬ 
restrial Physics, of which he has been 
President since 1977. 








A LETTER TO AYOUNG SCIENTIST 


Yash Pal 
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Colony 

Alto PolLVOAl ^1 

QOA - 
^ Tvatul 

5c(Lr *VcUJUfOJl, 

'iKut Q# <yjlXAL«vU va)VviaU OiIiIMC. 

•VWL dLUKAA^ LdLr AUo»wwa.'s AjXUX. uaOJU. AaaA 

COLtUlUl^AAiJl • 1 VA)04 aL( 1 be nrJUjJkt olfti A < | Odt ‘>{Oaa, C^A» t d ^MiK* (/JWC JUaJUiT 
(XjaJUUICM - 

0 Itww Quuw OaooiomwioaI 0^ vAAjkxro ’ ^nxjoOCik^ 0*1 xriO'^rouLKAAj ' 

o) ^ bo<U£ «A i/sAlf ( 4 Lul umIja ' i^joUji, Ja^ b»aJU \\ dbnui ouuvjd. jjujlia- 

[icNted a |Arvm bAJlA UiXxiLne «A)ttMJLdL JU^jl sAjolLh bc Ao I aao Da I 
XkAi bdOJU? 

Il) \ bsOiJL KX JIaOL| ^AUxd. vA>0uu. ujOJCC/. JQLaaA* bGAXU. VA KAfl OfCtA. 

U jaMCd •Vt. Om |amaa. bOJA. umJLL Xaaa vAjotot vaa. Xaaa. 

boQLU ^ woOUl X cava4. •aaI JOUa 

c) U)o£lp VA AfiJJjui. iaa. oJ9»aaL & db^OAAAX pLOJtJU> AAaM woexUn 

KAc ubA. ^OHAA. <|iiNaAiXi4 buiC woUL Iaajuc <|cJC olKh' 

XA •4aA,'0uuuB(jlaA>I Xa dKAjL bAi| xaaOU. Cij |AooJUaa/| uioloi^ 

^ l,Mt CA*^ VdOfidL* XiO'^Vi^AAJU>*A, (yAACoM* dLhs|> be A d»is/A« a» ifp i ^ f gt 

£» Ou ptHOiA*? Hjr MS LAsas? 

^ *iA yoVw^Aj «A«lo lAipO^ V AAUVOAeA J^C* 

^or jCuol plMObl o| X» a a<>A CU^dl rdtur^ Xa JUjA 

•VOA^iNL 'U bAAR. CMa* WbrCUi.MHay^ (U*A JO^ 


wjAaaX (4 IAaI. 


^OwdUr IAaU ^iOwCk? 1X U oiM AO^d <aaoX AAaaaaLaaaAJ 

dexJlfipA PICAUmM wia. JL»X0| ^fCO>i4 dLuA 46 Xbu4 ^aacUcmi 
UL Tjuii aV uw- Xu*yX hwJC wod<jida«.'X jUaa waL^oU. b»4AC Q^jdCc d 

ai|(£r qJUL yJL yow ct| »tAat bowA yvA>^ 

1 ouaa. q( ou/xd. chAAA a. (fuel adUA^MA^o) •AAntudO ceeAAPWxulJ l j 

ti: t-i^s a koL lit&l to JU^oax luxMA ua, (^oa. Caicja. ^ vl \jjoa |(K iajjJ- Ok.doj|. 

] h rnf jOUl pKM a»^A|e^OAii. JUdd jUax. ^ OMJUr duuX«yofjk| 

ft wjoa ^icoX |9^ ^ jAAki^e lAAode Om ACAop beo fc » oaai Xaaa 4|boxl 

OwAd a*AA. (^ajIc plOud o| X ld«AA- iA'VffxAAj^ X vA^'X KA()2io AAjg4i%/ 

1 JiinAU CaaJI OA^d 1 X wIaa'C loo iaamcIa. 0 ^ 0 . tiH**ir, S 

vmJU^ be ujaiXiA»/| Oaaaa.^ , 

Y>^ iwUeLKl^ 

^n|QLb Q(UtilKo. 
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Prof. Yash Pal, who is Chief Consultant to the Planning 
Commission, writes to a young girl about the marvels of 
micro-gravity 



litalnm oi WMier (tap) on Earth and In 
Mpaea. Above: 

Bulbs wHh liquids and rsspsoUve vapours. 
Notice varying angles of contact, is) Too 
little liquid forms a semilunar bottom 
layer, (b) Excess liquid forms a top vapour 
s^ere. (c) Liquids with a small angle of 
contact result In an island of vapour In 
UqukUn non-wetting liquids (a ==180} like 
mercury, we have exactfy the reverse con¬ 
ditions 



(SjL«-r 


S OME of the questions you have 
asked, and many others, can ^ 
answered if you realise that in 
micro-gravity condition, the effect 
of surface or contact forces becomes domi¬ 
nant. For example a blob of water would 
float as a sphere, no matter whether large 
or small. However, if you placed it at the 
bottom of a beaker, the shape of the surface 
would depend on the surface interactions 
(or forces) between water, glass and water 
vapour.This is usually quantified in terms of 
giving an angle of contact between glass 
and water surfaces. 

This interaction is responsible for the fact 
that water seems to want to rise a little near 
the walls of the beaker. This surface force is 
also responsible for the phenomenon ot 
capillarity. For water and glass, the angle oj 
contact is less than 9(P. For mercury aniT 
glass, on the other hand, it is more than 
90". This IS the reason that water surface is 
concave near the glass surface, while the 
mercury surface is convex. Same physics is 
responsible for the fact that water wets 
glass, while inercury does not wet glass. 

Coming back to your question, in micro- 
gravity the shape of the surface of water ' 
placed in a beaker would be curved all over 
and not only near the edges because of thi 
absence of hydro-static pressure in micro- 
gravity (see left). 

So the picture would look as at left: 
Therefore it does not matter whether the 
beaker (or bottle) is closed or open. One il 
assuming that the atmospheric pressure is 
normal. Because in a vacuum the water will 
boil even at a low temperature. 

1 have come across some illustrations 
which you may find useful. These indicate 
the disposition of liquid and vapour in a 
spherical bulb, under conditions of micro- 
gravity. 

You would notice that spherical surfaces 
are preferred. This is because the force of 
surface tension on the liquid vapour inter¬ 
face causes a liquid sample to assume the 
smallest possible size, which is a sphere; in 
other words, the ratio of surface area to 
volume is minimum for a spherical shape. 

Thus if some blobs of water are brought 
in contact, they would coalesce to form a 
single spherical blob (provided of course 
they are free and other material surfaces are 
not involved). 

You might be interested in another 









•4 Aar of icecream (top) Just melts dawn 
mto a puddle on Earth. In space, however, 
it behaves oddly. It too melts, but under 
micro-gravlty, instead of a puddle the 
liquid coalesces into a hollow ring and 
eventually ydu get a spherical lump at the 
end of the stick 



interesting example. If I hang an ice-cream 
stick in a space ship, it will of course melt, 
because of conduction and radiation of heat 
from the surrounding. Convection will be 
absent because of zero gravity. So the 
melting would proceed as shown at left 

As you know here, on earth, at normal 
gravity conduction, radiation, and (most 
important) convection lead to melting, and 
the melted portion keeps dripping on the 
ground and on your clothes 

Your question about blood-transfusion, 
or the drip lias an obvious answer. You 
must provide a force other than gravity for 
the liquid to How You could have a syringe, 
which l^ driven by gas pressure, for exam¬ 
ple Oi a small pump. The need to pump 
fluids in spaLe is encountered in many 
different ways. For example, pumping of 
fuel and Oxidizer foi the rocket engines is 
done with gas pressure and/nr turbo¬ 
pumps. Kven on earth you didn't depend 
only on gravity to ensure movement of 
fluids. Indeed you often pump against the 
forces of gravity and fiiction. 

Your last question is about the temporary 
increa.se in height of astronauts, or cosmo¬ 
nauts (if they ply on Rus.sian space craft). 
You perhaps know that there are disc like 
structures between vertebrae. These arc 
compressed on earth because of body 
weight, and weight of things we wear and 
carry. In micro-gravity there is no weight 
and these intervertebral discs .stretch a bit, 
leading to increase in height However, 
when the cosmonauts come back to normal 
gravity, they slowlv compress back again, 
and the person comes hack to original 
height. 

There are many other physiological 
changes which occur in space, and not 
everything is fully understood Some atro¬ 
phy (wasting away) of skeleton and muscles 
occurs Rones are demineralised and there 
IS a lo.ss ot caUium. Other changes happen, 
in different degrees, in all org.!ns and 
functions of the body, though some of these 
can he reduced through proper exercise. 
.Study of space physiology and space medi¬ 
cine IS important tor understanding many 
things that happen, and perhaps also to 
gam better insight into processes, which 
occur even under normal gravity. 

(1 hope I have been able to an.swer your 
question.*; to some degree.) 
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(dath^ immHUjr «f 

tunc, air flew rdc, ifllflal nioilitun 
oonlMt of the proAm infl'tlic final 
fiednd moiatun oontef^of the produce. 
The HMct important of. theie is Uw 
rdetiye humidity of the' firylnfi 
the initial stage of drying, the 
moisture removal rate (main^ from the 
surface of the grain) is Mgh. When die 
surface moisture hat bm removed, 
further drying depends upon the rate at 
which the moisture from vnthin the 
product moves to the outer surface. At 
this stage, the increase in the tempera- 



[;ln flaw nile'hiiiiii^c 
Thhpcifftnmance of ddtn.air iw_ 
evafcia^-fit terms of stflar‘margy.oi* 
JectiOn cjneiency and pressum)^,'oM^ 
ficient. Tbeaolar energy-ooHoction 
(jency refers to the 1^ of us^eftarglip 
coDccted (hdat ufliised in heating air) to 
the solar energy fafiing on the oollectar 
in a given interval of time. The pressure 
lost coefficient is a measure of media* 
nkai power required to pump the air 
through the absorber. The pressure tost 
coefficient refers to the ratio of pressure, 
drop in the air heater to die dynamic 
pressure in the air heater. 


SOLAR DRIERS 

Continued from page 28 

and the heated air passes through the 
produce to be dried which is stacked at 
another level; a chimney is used with 
this drier to augment the air flow rate. 
Such driers have been designed and 
tested in other countries too, including 
the Asian Institute of Technology, 
Bangkok. Efforts are continuing at 
various institutions to use alternative 
materials such as plastics for design 
and fabrication of natural convection 
driers. 

For drying grains such as paddy, 
maize and oilseeds, forced convection 
driers are used. Much work on this is 
being done in India, particularly at 
Annamalai University, and nr. Kharag> 
pur. and several demonstration sys¬ 
tems have been installed. In the last 
five years, work has also been initiated 
on crop drying systems at many other 
institutions—the Central And Zone 
Research Institute, Jodhpur, PAif 
Ludhiana, Central Rice Research Insti¬ 
tute, Cuttack, Taniil Nadu Agricultural 
University, Coimbatore. M.L.S. Uni- 
veristy. Udaipur. IIT Delhi, Central 
Building Research Institute, Roorkee, 
Agricultural Universit>’. Pant Nagar, 
and many others. 

In many forced flow .solar driers, an 
array of solar absorbeis forms the roof 
under which the motor blower set 
and the drying chamber are installed. 
Such .solar driers have been built at 
Annamalai University, nr. Kharagpur, 
etc; the one-t(/n-per-day solar paddy 
drier built at Annamalai University in 
1976 has a roof-cum-soldr flat-plate 
collector with a gross collector area of 
50.75 square metres. The sloping 
asbestos roof of the Amul Dairy milk 
plant at Anand, Gujarat, has been 
converted as a solar air ficater to act as 
a pre-heatei for spray-drying of milk 

One ot the large solar driers is the 
lO-ton per-day drier installed at the 
State Farm. Udowal, near Ludhiana, 
by the National Industrial Development 
Corporation INIDC). The size of the 
single glass absorber is 160 sq m at an 
optimum angle of 45" with the horizontal. 
The NlUC has also used solar ene.vgy, 
with a supplementary heat source, to 
cure tobacco at Rajahmundry in 
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Andhra Pradesh. Solar energy meets 
the major heat requirement up to 50"C 
to .55"C during day; the supplementary 
heat source meets any shortfalls. 

Sea.soning of wood in solar kilns has 
been studied at the Forest Research 
Institute Dehra Dun, Central Building 
Research Institute, Roorkee. and at 
many other places including Maharash¬ 
tra and Punjab. The initial capital and 
operating co.sts of solar kilns have been 
found to be lower than those of conven¬ 
tional steam-heated kilns. 

Studies are also being carried out at 
many institutions to determine the 
technical and economic feasibility of 
drying various other crops with .solar 
energy. 

Solar driens are likely to be used first 
for drying crops, such as tobacco, 
cardamom and tea leaves, which are 
already being dried with conventional 
fuels. It IS here that solar crop driers 
can prove their usefulness in reducing 
fossil fuel consumption. 

Foi crops such as paddy and maize. 


COOKING BY THE SUN 

Continued from page 26 
Rs. 150 to Rs. 1100 for a box type 
cooker. Despite these subsidies and 
despite public and media demonstra¬ 
tions of the cookers, they are not being 
.sold. Only about 30,000 solar cookers 
have been sold in the *ast three years 
against a target rf 50.000 in a country 
where about 100 million families live. 

Obviou.sly, something is lacking in 
our efforts to introduce solar cookers. 
The Government should reexamine the 
whole issue of introducing solar cook¬ 
ers for if we fail now we may become a 
laughing stock again. Efforts to popula¬ 
rise the focusing paraboloid cooker in 
the fifties had failed. 


solar driers, though they give a better | 
product, are more expensive to be used 
by an individual farmer. Therefore, 
work should be undertaken to study 
the economic viability of using large- 
scale solar crop driers for use by 
agencies handling and storing large 
quantities of foodgrains. 

Studies should also be carried out to 
use alternative material such as black 
and transparent polyethylene sheets to 
make solar air heaters. All-plastic/ 
polyethylene solar air heaters have^ 
been used in other countries for drying^ 
purposes. They have an added advan¬ 
tage of being portable. 

As far as drying of vegetables and 
fruits is concerned, natural convection 
driers. e.specially the multi-rack type, 
are quite efficient and hygienic. The 
economics of these dryers is fairly 
independent of the size. □ 

hx)f. Mannan is with the Department ofMechan- 
aat Engineering, Punjab Agricultural Universi¬ 
ty. Ludhiana 


The failure may be due to a variety of 
technical, economic and social reasons. 
There are several problems with the 
present box type cookers: the black 
paint chips off, the window glass, the 
glass reflector, the wooden frame, 
hinges and castor wheels break, mois¬ 
ture condenses within the two glasses 
and much heat is lo.st. More research 
and development is needed if we are to 
develop a solar cooker that will be 
accepted by the people. But the fact is. 
nobody is seriously working on mod¬ 
ifying the cookers. A few institutions 
are, of course, trying to introduce thenT 
in rural areas just to sho^ the progress 
of the institutions. □ 



S tudent: Dostoyevsky): in his novel 
A Raw Youth, says, ''Gaiety is the 
most distinguishing feature of 
man.,. You may not be able to 
understand the nature of another person 
\for a long time, hut if the man laughs 
genuinely at some point, his entire being is 
suddenly revealed... If you want to scruti¬ 
nize a person and know the depths of his 
soul, then study him not when he is silent, 
or when he.speaks, or when he cries or even 
when he is excited about a noble idea, hut 
look into his heart when he laughs. If he 
has a good laugh, that means he is a good 
man. Laughter is the most accurate mirror 
of the soul.'* What do you think of this 
ionclusion? Dostoyevsky is considered a 
great expert of the human psyche but is 
laughter really the most accurate mirror of 
the soul? 

? 

Professor: 1 would have to agree with 
Dostoyevsky. No two people laugh in exactly 
the same way. A diagnosis of a person's 
individuality on the basis of studying his 
laughter can be highly accurate. 

S:Do you mean to say that a person's 
laughter is like his fingerprints? 

P. I wouldn’t put the two on the same level. 
S: Then could you please explain exactly 
what laughter is? 

P. All right. (Smiling.) Have you read John 
Keats? 

S'. Yes. He was an English romantic poet at 
the beginning of the 19th century. 

P. Then you probably remember that the 
rainbow was one of his favourite images in 
his early poems, though in his later works 
^here is no mention of it anywhere. It is said 
^at once Keats read Newton’s explanation 
of a rainbow from the point of view of 
physics and after that seehng a rainbow no 


longer delighted him as much. Aren’t you 
afraid of losing your laughter if you learn 
what it is from a physiological point of 
view? 

(Laughter from the postgraduate student). 
P. You have reassured me. Physiology, 
psychology and neuropathology define 
laughter as the manifestation of a particular 
class of positive emotions. Man inherited 
the mechanism of emotions from his anim¬ 
al predecessors. On the basis of emotions, 
in conjunction with the interaction of the 
intellect, feeling developed, though it is 
sometimes difficult to distinguish between 
emotions and feelings. The term “emotion¬ 
al state” refers equally to emotions and 
feelings. 

Any information perceived by our sense 
organs is initially evaluated emotionally (or 
instinctively), not rationally: pleasant- 
unpleasant, necessary-unnecessary, danger¬ 
ous-safe. Nature made sure that our organ¬ 
ism reacts to a phenomenon hefoie it is 
assimilated and analysed. 

In this way, we pull our hand away from a 
hot tea kettle before we consciou.sly think 
about the fact that we will be burned if we 
did not. Or, for example, at this very 
moment \ see by your face that you are 
dissatisfied with my explanation since it is 
emotionally perceived by you as not having 
any relation to laughter. Am 1 right? 

(Postgraduate student smiles sheep¬ 
ishly.) 

P; But emotioii even anticipates an event, 
and in fact, does this very distinctively: the 
more doubtful the anticipated result, the 
happier the reaction when a person learns 
that the goal is near. 

S:But it seems to me that not every 
positive emotion, even the greatest joy, 
causes us to laugh. 


P: You are right. Laughter arises only when 
one of several specific circumstances occurs 
simultaneously. 1 cun name four 

The first we call "false prediction". A 
person laughs if the information received 
exceeds, and at the same time depreciates 
the anticipated result. That is if he suddenly 
rcalies that whit he expected only seemed 
true and significant. We can use a joke as an 
example: 

“Waiter, there is a fly in my beer!” 

“Don’t worry. The flics here don’t 
drink much.” 

After hearing that simple joke, one per- 
.son will laugh heartily, while another will 
only grin. Why^ The first man was the most 
mistaken in a prediction. Obliging listeners 
such as these are usually unsophisticated, 
naive people who are easily fooled. The 
more deeply the person was sure of the 
truth of the prediction and the more clearly 
that error is brought to light, the stronger 
the release of positive emotions and the 
stronger the laughter. 

The second is "black and white". A 
person laughs if the difference is what he 
anticipated and the subsequent information 
received is immediately perceived, without 
any agonising thinking or lengthy compari¬ 
sons. A talented comedian tells jokes fast, 
not relying on his listeners’ analytical 
powers but on their emotional orientation. 
Here a fraction of a second is enough, 
laughter arises involuntary, intuitively, 
and IS immediately followed by an outburst. 

The third is called "watching from the 
side". Laughter arises on the basis of 

Continued on page HO 
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I^lose wiooiiiiters 
^ the fourth kind 



G eneral Vishwajit Pemande^ was 
angry Sixty eight wa& no age to 
feel tired—not after a mere 
morning walk in the forest, the 
br&k jaunt he had grown used to for (he last 
11 years since his retirement from the 
army He had tome to live in that bunga 
low And be it sun or ram General Per 
nandes never missed his heady walk With a 
beret and a blazer, casual shoes, a walking 
stick and a revolver he would be off on his 
**constitutionar an hour before sunrise He 
would return two hours later after covering 
fifteen kilometres to a hearty breakfast 
^ ^ Today General Fernandes felt out of 
IWOifit end confused. *'Have 1 lost my wgy or 


my mind.*' he thought irriUbly The sun- 
rays slanting through the foliage indicated 
that he was rather late in returning home 
How could he possibly have lost his way^ He 
knew (he jungle like the back of his hand, at 
least that part of the forest near his 
bungalow l^ry tree, the shapes and the 
hollows of the trunks, the dense canopy of 
the foliage, the little rocks and rivulets, the 
slopes and the narrow jungle pathways, 
and, above all, that oval meadow in the 
middle of the forest Oh yes, today he could 
not even reach to the edge of that natural 
lawn Not that he went there every mom* 
mg But he loved the sense of heavenly 
tranquillity it offered, the virgin grass 


untouched by coarse human feet, the chital 
and hares browsing on the grass under the 
morning sun It was a superbly secluded 
place unknown to most people General 
Fernandes had known of it from army files 
The forest had been cleared several d^des 
ago here for a prisoner of war cs^p After 
the war the camp had been dismantled But 
the clearing remained like a light emerald 
in the middle of the dark green forest 

General Fernandes abruptly found him¬ 
self out of the woods He was startled. 

“Oh damnation'" he muttered "Am I 
getting on to dotage?'' He gave a barlongv 
laugh and turned to look at the forest 
quiexicaJly ^'Ah, no." he deoded, “I am 


^ aqKNC£,TODi«y; 
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neither old nor senile. Something's wrong, 
definitely..." He tapped his head and walked 
briskly home. 


The Gurkha soldier guarding the gate of 
his bungalow saluted smartly and the 
General suddenly realised that he was late 
by nearly half an hour for this morning’s 
appointment with a young man. He 
frcavned. 

*Good morning darling, are you all 
right?” his wife greeted him in the porch 
with a trace of concern in her voice. 

"Oh, oh... Good morning Pamy..." Gen¬ 
eral Fernandes looked flustered. "Tell me 
Pamy, do you think I am old and senile?" he 
asked. 


Pamela Fernandes was not surprised 
though her husband asked this question for 
the first time in their married life. She was 
well-preserved at sixty, with only the crop¬ 
ped grey hair betraying the years. Already, 
the first cigarette of the day dangled from 
her lips. 

"So you do realise this today, Vish," she 
^said gravely. Fernandes laughed and turned 
to go to his bedroom to change. Pamela 
blew out a cloud of smoke and said, "You 
are late for breakfast... I was worried^at your 
age, Vish...". 

"I was thoroughly foxed in the jungle 
today. Nearly lost my way... Has that young 
man turned up? Come darling, why don't 
you join us for breakfast for a 
change...?". 

Breakfast was laid on the lawn. The 
dazzling white cane chairs and table set 
against the green grass, birds twittering in 
the trees, the nip in the air and the golden 
sjanting sun rays lent an intoxicating 
couch to the scene. A young man of hardly 
19 years sat in a chair engrossed in 
newspapers. He was Parikshit Bhasme, a 
doctoral student. Fernandes made it a point 
to look up his name in the visitor’s book: 

"Good morning young man." 

"Good morning sir." 

Parikshit rose to submit his slender hand 
mto the grizzled paw of the General. 
Fernandes shook it carefully. Parikshit was 
boyish, slightly built with a hint of a 
moustache and a pale complexion: all this 
made him look even younger than his years. 
But the redeeming feature of his personality 
were his large, brilliant eyes, General Fer¬ 
nandes was taken aback 1^ their penetrat¬ 
ing luminosity. He was impressed. 

"Sit down my boy, relax," Fernandes said 
jsmovlng the newspapers from the table, 
^d what tidings of disaster these papers 
have broui^t us on this very fine 
morning?" 



"Nothing unusual," Parikshit smiled 
wryly, "except that we are a few moments 
nearer to nuclear doom." 

Fernandes picked up a newspaper and 
looked the front page. 

"My God... stupid... idiots...," he ex¬ 
ploded. "They are insane.;." 

He read a couple of columns carehilly 
and suddenly threw away the paper sighing. 
"You know, my boy... Ah, well, Parikshit... 
How stupid and senseless we human beings 
are. You see, this new missile developed by 
the Americans... it costs as much as one 
hundred medical colleges. The new version 
of the Russian MiGfighter... with its price, 
you can build a dam to irrigate 10,000 
acres. You can build houses for nearly one 
million people with the money saved on one 
modern nuclear submarine... Ah... how 
senseless..." 

"Yes' sir, 1 do agree," Parikshit said 
eagerly. "I have facts and figures which 
prove that we can turn the earth veritable 
paradise if only half the world s nations 
spend their five years' defence budgets on 
simple amenities and food." 

"That’s why I say, we are fools. These 
power-seekers... Ah. but sorry. 1 forget my 
manners. Where are you staying?" 

"The tourist home at the hill station." 

"Good. How's the place?" 

"Charming., rolling hills, green plains 
and the jungle. I never imagined you had 
such a lovely forest here." 

Fernandes was pleased. He knew that 
Parikshit was here to interview him for his 
thesis on psychological conditions of sol¬ 
diers during actual combat. That's why the 
General had set aside the morning for the 
boy. A bearer brought platefuls of hot, thick 
omiettes. Fernandes picked up a half 
roasted toast and said: 

"Take some more butter, my boy. By the 
way, who pays for your travelling for the 
thesis? The University?" 

‘’Well... no. Not for this subject. 1 have 



capacity of the aborigines. Financed by a 
social science institution. They pay me. 
Then I have a handsome scholarship for 
pure mathematics." 

"My God, 1 thought you were a psycholo¬ 
gy student working on soldiers' psycholo¬ 
gical..." 

"Of course..." Parikshit intervened apo¬ 
logetically. "I am studying psychology with 
the University. In fact, that's the subject 1 
got a medal in." He was feeling embarassed 
now, "Still, my main interest is pure 
mathematics. I have a French scholarship 
that allows me to pursue some mathematic¬ 
al problems in my spare time..." 

"Well... well. You seem to be quite 
versatile. What mathematical problems...?" 

"Oh, its rather difficult to explain,” 
Parikshit chewed a piece of toast, "It's like 
this. The present mathematical systems are 
rather inadequate to understand the re¬ 
lationship between time and space. Take for 
example integral calculus..." 

"Enough. Enough...," Fernandes 
laughed, raising bis fists dramatically with a 
fork and a knife in each. "I am not exactly a 
genius in mathematics. Let’s talk about ^e 
subject 1 know. Eat plenty my boy and keep 
fit... well... Who told you to interview me? 
There are many competent professional 
psychologists in the armed forces..." 

"Nobo^. It was my own decision. You 
see, 1 talked to many officers of your time. 
And they spoke about you. They tell me if 
anybody knew of the soldiers’ psychology 
really, it was General Fernandes. You see 
sir, you are quite famous.. 1 have heard 
stories... How you used to personally lead 
soldiers in the thick of battle... how they 
loved you..." 

General Fernandes smiled. He knew his 
zeal for fighting and hand-to-hand combat 
had gone against him in the records, lie 
was deemed "irresponsible". No officer of 
his rank was ailowed to risk his personal 
life. In fact he had missed the top post in 
the army because of this proclivity. But 
Fernandes had no regrets.. He knew he was 
an officer of high calibre and he loved his 
soldiers. The soldiers loved him too despite 
of his famous profanities. Pamela was often 
embarassed by his legendary invectivei. 

Parikshit was not an ordinary boy, Gener¬ 
al Fernandes realised. He was intelligent. 
He had done his homework thoroughly. His 
knowledge of military affairs and the sol¬ 
diers’ psyqliology was astounding. Fer¬ 
nandes talked to him freely and answered 
his questions for more than an hour till 
Pamela came on the scene. 
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The micro-joumey takes place beyond the restraints of 
space and time dimensions. Once you are in microspace 
you can land anywhere anytime... 


Xome Puny, help us finish this break- 
tet," he pointed at the empty plates. 

Ftoela ignored the joke, lit a fresh 
cigarette from the stub in her lips and 
served a large slice of toast to Parikshit. 

"Eat, young man. You are frail. You must 
eat more.'' Then she turned to her husband: 

"Darling, have you read the newspapers? 
Your stupid military people... What are you 
doing to this world...?" 

“Oh, no, Pamy, don’t provoke me..." 
Fernandes said. “I am against nuclear 
weapons, you know that. It's not a manly 
weapon. No fun in a nuclear war. War is a 
game, you know..." 

“To you, to wamKingers, may be it is a 
game... See what you have done. All those 
atom bombs... How I wish, we could 
horsewhip these warmongers and pack 
them off to Sahara. Their entire nuclear 
arsenal should be dumped into the Pacific 
ocean...” Pamela puffed at her cigarette 
violently. 

“Now...now. Stop It darling.” Fernandes 
said, turned to Parikshit and winked. “You 
know, she is a pacifist, ont of those 
anti-nuke activists. She believes that I am 
the culprit responsible for ail the trouble 
.. JVh, forgot to introduce you. Pamy, this is 
Parikshit Bhasme. Studying psychology of 
combat soldiers. And she is Pamela. Young 
man, don't be infatuated with her She is 
my wife. You may think she is a young lass. 
But she is getting old. How old are you 
darling? Thirty? Twenty-five? ha. ha.- 
..ha-.ha .” 

Again Pamela ignored General Fer¬ 
nandes’ hamhanded attempts at humour. 
She lit another cigarette, as if by magic and 
served tea to Paiikshit 

“Don't pay any attention to his silly jokes. 

He is getting senile.” 

“Ah. come on That isn't fair 1 am not 
old. You know, young man. A strange thing 
happened this morning 1 go fur a walk in 
that forest. And 1 lost my way today.. " 

“Oh, it happens. ” 

“No...no I just can't lose my way. 1 know 
this jungle thoroughly,” Fernandes' smile 
narrowed, “come to think of it Pamy, I am 
quite sure 1 did not see the meadow. You 
know, Parikshit. there is a grassy basin, 
right in the middle of the forest Few people 
know of It...” Fernandes stopped suddenly. 
His face clouded with hesitation and confu¬ 
sion. 

“Yes. Pamy." he whispered, “I did not see 
that pasture .today It was not there!” 

Pamela laughed, showing her sparklingly 
white teeth. Parikshit was surprised but 
soon realised that they were dentures. 
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“Look, how miserable it is to be old. And 
I have to live with him." 

“Honest, Pamy, I am positive. It was not 
there.*' 

“Do you mean to say it vanished...?" 
Parikshit intervened eagerly. 

“Well... ah... well... Yes, vanished... 
but..." 

“Forget it darling. Get up and put on 
some decent clothes. You are supposed to 
meet the Navy people at 11.” 

Pamela winked at Parikshit and put her 
forefinger on her head, “Getting old, you 
know. Don't take him seriously. But you are 
a good boy. Come tomorrow for breakfast 
and stay for the lunch." 

Parikshit was baffled and yet excited 
when he came out of the gate. How could 
that thing vanish^ Incredible. And yet... and 
yet... His thoughts raced with electric 
speed. 

W ITH an imperceptible lurch the giant 
spaceship left the micro-space to 
enter the proto-space. The massive glass 
windows were suddenly illumined with 
millions of stars. Particles atomised during 
the micro-journey fused instantly, reviving 
the frozen life in the ship. But the duration 
of the micro-journey was so infinitesimally 
short, that it cannot even he felt. The 
micro-journey takes place beyond the res¬ 
traints of space and time dimensions. Once 
you are in micro-space, you can land at any 
desired intersection of time and space 
almost at the same instant. How else could 
that spaceship arrive 1,.500 light years away 
from its mother star system? 

Shouts of jubilation resounded in the 
ship Commander Hemaketu looked 
through the glass window of his cabin. In 
the vastness of space, one star glowed 
especially bright and it was rapidly growing 
in size and luminosity. That was the target. 
He turned towards internal communication 
and the screen before him came to life. 
Chief pilot Vijecta and her four colleagues 
were busy with navigating tlie ship. 

"Congratulations." Hemaketu said, 
“Right on target " 

“Right,” said Vijeeta withcAit looking up. 
Then becoming aware of her own terseness, 
she smiled mechanically at the screen and 
said. “Thanks.” 

Thai was Jiy. But Hemaketu could per¬ 
fectly understand. Micro-spacc pilots were a 
special category. Above all, the women 
micros. Breaking the barrier of micro-space 
and landing at the exact desired intersec¬ 
tion in proto-space was a demanding task 
requiring intense concentration and skilful 
capacity for making instant (and cool) 


decisions, an area in which women micros 
excelled. So they were much in demand, 
pampered and glorified. 

“Vijeeta, how long will it take to enter 
this star system?" Hemaketu asked. 

Vijeeta pressed a few buttons and without 
looking at the screen she replied, "Fifteen 
hundred matras." 

“Good, good. Thanks." 4 

Hemaketu shut off the screen. Fifteen 
hundred matras long enough to make 
decisions. A matra was an absolute unit of 
time evolved through complicated proces¬ 
ses of juxtaposing relative speeds of diffe¬ 
rent electrons and the average pumping 
rate of human heart. 

Hemaketu pressed buttons to work on 
the information. With the press of another 
button, the boyish-looking Kalpaksha came 
on the screen. Kalpaksha was the most 
brilliant and gifted among the life-detectors. 
The computers did supply information ab¬ 
out life. But the ultimate decisions were 
made by human minds and Kalpaksha 
excelled in this skill. ^ 

Young Kalpaksha was bubbling with 
enthusiasm. His eyes brightened when 
Hemaketu filled his screen. He raised his 
hands, “Hail commander." 

“Hail!" Hemaketu responded. He liked 
Kalpaksha. And encouraged his friendship 
with his own daughter, Viplava, the univer¬ 
sally famous musical prodigy. 

“Congratulations, Kalpaksha. Your cal¬ 
culations are completely correct." 

“Perfect," Kalpaksha laughed with boyish 
pride, “almost a replica of our own sun. 
Nearly the same diameter, luminosity, rate 
of energy emission and revolution. The 
difference is between zero point zero zerc^ 
five and zero point zero one. 

“Excellent.” 

“But I am wrong in one guess,” Kalpak¬ 
sha said with hurt pride. “1 thought there 
were seventeen to twenty planets to thi.s 
star. There arc only ten." 

“Doesn't matter,” Hemaketu reassured 
him. “You studied this star from 1500 light 
years. Isn’t it enough to detect a planetar>' 
system from such a distance?" 

“Well, yes," Kalpaksha. was reluctant 
Life-detectors were as sensitive as they were 
intelligent. Actually, an infallible system to 
calculate the strength of planetary system.s 
of distant suns was yet to be found,and yet. 
talented life-detectors like Kalpaksha made 
inspired guesses. And one small guess going 
wrong meant a personal defeat for him. 
“Yes," he said, “but there are only ten. 'HiSt 
means our choice is limited." 

“Rejoice, Kalpaksha. Ten is enough. Now 




get on to work. Soon we enter the system to 
encounter planets. What is your present 
reading?" 

“The three outer ones sir. they are dead, 
useless..." 

“One moment." Hemaketu recalled Vi- 
leeta and said with cool authority. “Vijeeta. 
(he three outer ones in the system. Located 
thc'^r positions? Avoid them. Avoid their 
gravity pull, ff you want, use their tangents 
for finding direction. Now Kalpaksha. what 
else...?" 

The star’s shape was now clearly visible. 
Its mellow light coufd be discerned. ITie 
Spaceship still moved at hyper-speed. 

“The fourth is interesting," Kalpak.sha 
consulted his computers. “But only for its 
rings. Remember we noticed the same 
electro-magnetic phenomenon in the Z 294 



“Don't hesitate Commander,” Kalpaksha 


room in the tourist home was to grab a 
pencil and papers. He began jotting down 
the formulae he was thinking alwut. It 
seemed silly to assume that Fernandes was 
talking of something sensible. And yet... he 
must work and find out. 

In his bungalow. General Fernandes had 
a busy schedule throughout the day, howev¬ 
er. the strange morning incident kept 
gnawing at his mind. What was going on? 
Had he lost his mind? He tried to laugh it 
away. But it would not go. The memory of 
the tangled forest would not leave him. 
Where had the meadow gone? How could it 
just vanish from the forest^ 

Just before he went to bed. the telephone 
rang. It was Parikshit on the other end. 
General Fernandes was rather irritated: 
“Yes, Parikshit. what is it?" 


system " 

“No use* wasting our time on it... one 
moment... Vijeeta, avoid the fourth one loo. 
Keep to hyper-speed... Kalpaksha, now 
what...^" 

^ The team got bu.sy. This was the most 
critical phase of the mission. The compu¬ 
ters fed the data about the system, each 
planet, its ma.ss, size, temperature, gravity, 
atmosphere, rate of revolution. It was the 
job of the life-detector to intuitively sift the 
data and make the decision which planet 
could support advanced life. 

“Number five: a thick layer of atmos¬ 
phere," Kalpaksha busily relayed informa- 
ti()n “But. Ah .. What a mass and size. . 


said, “it's a beauty. One moon doesn’t 
change things. Don’t expect every planet in 
universe to be the exact replica of our own 
Viplava." 

“All right, guess I’ll have to depend on 
you .. Vijeeta, closer to number seven don’t 
touch its field yet..." 

“Made one more mistake Commander 
There was jubiliant twinkle in Kalpaksha’s 
eyes. Not a trace of hurt pride. 

“Now whal^" 

“I told you there were ten. But actually 
there are only nine in this system. And this 
one IS the seventh... Got it Commander’’’ 

For a moment. Hemaketu could not 
gra.sp it. Then it dawned on him. 


“Sorry to bother you. sir A question." 

“Can’t it wait till tomorrow’’’ 

“No sir, its rather urgent...” No trace of 
diffidence now in Pankshit’s voice. Instead, 
there was a cool authority. “It's about this 
morning. General. Are you sure the clear¬ 
ing in the forest was there till yesterday? 
Did It disappear only this morning?" 

General Fernandes was taken aback 
f^arikshit’s impudence. He felt annoyed. 
“How are you concerned with it boy?" he 
wa.s about to cut the line when Parikshit 
firmly cut in. 

“It’s not mere curiosity. General. I am 
asking the question as a mathematician." 

Mollified, the General fell silent for a 


no... impossible. We shall have lo use all 
our anti-gravity fuel... difficult.. Well., the 
sixth one looks promising. Ideal mass and 
size. Atmosphere too. Reasonable gravity 
'^^Id... should we go closer and peep in 
^Vell really*^.. But no. The temperature 
difference is too sharp. Toe atmosphere's 
not promising Couldn’t support what wc 
are ](X)king for... No... let’s go ahead.. The 
seventh one... Good. Interesting. Quite 
promising... Ah, Commander . on Uni¬ 
verse...! Wonderful.. Ideal mass. size, 
•itmosphere and gravity...” 

“Make sure Kalpaksha. J won’t like wast¬ 
ing time on a primitive sphere with primar\ 
life forms. Wc have had too many." 

Kalpak.sha let out a jubilant cry. 

“Commander.. This is it. The seventh 


“Great Galaxy'," He exclaimed. “Nine 
planets. And this one is the seventh. Which 
means third from the sun Jast like our 
Mother Planet Viplava... Oh. Universe.. 
Vijectd..." 

P ARIKSHIT Bhasme wa.s nonpliis.sed 
when he left General Fernandes' buii- 
galow He felt a slight stir in the .stomach 
and a faint touch of di/ziness. Some 
fantastic ideas crowding around in his head 
What was the connection of this morning’s 
happenings with tho^e brain-storming 
equations he was woiking ori’ 

Parikshit looked beyond the bungalow 
There \VdS a little slope, an unt.ul(ivated 
moorland hal^ a kilometre wide and then 
the forest. For several moments Parikshit 
stared at the forest lost m .strange 


moment. Then he aLsked, “But, how is it 
possible’" 

“That means you are tertain. I just 
wanted to confirm." 

“What the hell .' (lencral Fernandes 
warmed up and again fell silent. Then he 
whispered, “But its not possible. Tell me 
Parikshit, is that possible’" 

Now it was Parikshit's turn to remain 
.silent. 

“Hullo. Parikshit.. are you there? Tell 
me, you know science Is that possible?" 

The line snapped It was a lung distance 
call Irom the hill station and General 
Fernandes desperately wanted to reach him. 
He wanted to send him his car so that they 
could talk. But then, he calmed down, 
laughed at himself and went to bed. 


one, Ideal. Oxygen, carbon dioxide, water, 
atmosphere to protect it from space rays. 
Kverything fils in. Let’s peep in Com¬ 
mander." 

“Are you sure Kalpaksha.*' How many 
iSioons?" 

“One." 

“Only one?" 


thoughts. 

Genera] Fernandes was old. But he was 
fighting fit, in body and mind. Not at ail 
senile. Then was h" talking nonsense? 
Those mysterious formulae once again 
nudged tiim. His head began to reel. 
Parikshit almost ran upto the bus stand. 
The first thiMg he did after rushing into his 


Commander Hemaketu decided to land. 
It was an important decision. For centuries, 
his people had combed the galaxies in 
search of just such a planet and here it was. 
He hoped desperately Kalpaksha’s calcula¬ 
tions were Correct. That would be the mast 
glorious achievement. 

Before sliding into an extended orbit 
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around the planet, a massive radio shield 
was raised around the giant spaceship. It 
was a safety measure. The advanced civilisa- 
tion» if any on this planet—and by universe, 
it better be there—should not get panicky. 
The orbital observations positively con¬ 
firmed the presence of a civilisation. Why, 
there were several artificial objects, though 
very primitive, orbiting around the planet. 
But they did indicate an intelligent mind 
and a developing technology. The spirits 
soared in the ship. The computers pointed 
at several deserted places as sites for 
landing. Hemaketu made the final selec¬ 
tion. A green place away and hidden from 
the civilisation and yet not very far away. 
The ship lumberously lowered its orbit 
keeping itself in the shadow of the planet 
and elegantly glided down to land into a 
beautiful grassland surrounded by a thick 
forest. Hemaketu ordered the first manda¬ 
tory manoeuvre, "Raise the invisibility 
shield." 

The night was dark and the air was cool. 
The wall and ceiling of the massive foyer of 
the ship was transparent. The Viplavans 
admired the brilliant view of the sky of a 
foreign planet. A fixed time was set aside 
after the excitement of landing for relaxa¬ 
tion and adjustment with the revolving 
speed of t!ie planet. It took some time to 
overcome the massive space and time lag. 
The foyer was filled with people rejoicing, 
celebrating and eating. Mechanical robots 
served food and drinks. The faint back¬ 
ground music changed and a hush fell on 
the hall. 

"Viplava," a shout rose. 

"Yes, Viplava... " Hemaketu said proudly. 
It was the music composed by his daughter. 
It also reminded the space-people of their 
mother planet, Viplava. Hemaketu. Kalpak- 
sha and Vijeeta sat round a table for 
preliminary assessment while others re¬ 
laxed. Hemaketu was immensely pleased to 
see Kalpaksha totally enamoured with the 
lilting tunes. But he couldn't fail to notice 
that Vijeeta was visibly annoyed partly 
because Kalpaksha liked the tune and partly 
because she also could not shrug herself off 
from the haunting, gripping music. 

"Shall we start?" Vijeeta made supreme 
effort to disengage herself from the capti¬ 
vating tunes. 

"Yes. let's start working." Hemaketu 
agreed, and pulled the computer data sheets 
before him. 

The aliens relaxed and ^r\joyed the 
excitement of being on a foreign world 
while trained squads of robots meticulously 
performed their assigned talks. A group of 
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The Viplavans make a jubiliant landing on the alien 
Earth. But is their intoxicated joy justified? What lies 
outside their ship? Read on in the next instalment 


robots stepped outside the ship for collect¬ 
ing basic physical data as required by law. 
No alien could leave the ship and expose 
himself to the foreign environment till the 
data supplied by robots was carefully analy¬ 
sed. The most important test the robots 
were to do was about the quality and 
toxicitjf of bacterial presence. Aliens 
could leave the ship only after confirmation 
that the bacterial presence was totally 
harmless. Meanwhile, the ship and a part of 
the lawn outside was. comfortably ensc¬ 
onced in a transparent dome of invisibility. 

"Do we have to activate our gravity- 
equaliser force?” Hemaketu asked. 

Kalpaksha consulted the charts. "What 
do you think Vijeeta? The gravity force here 
is zero point nine four nine compared to 
our own Viplava. Hardly a difference of zero 
point zero five." 

Vijeeta looked around. There was an 
exileration and dance in everybody's steps, 
eyes bright and an intoxicating freshness in 
head. That was the effect of this zero point 
zero five difference. She weighed ninety 
units on Viplava, slightly overweight con¬ 
sidering her height and age. .Here, she 
would weigh eighty-five point four one 
units. Ideal. 

"No need." she said with a grin. “Its so 
cheerful..." 

"Good. Now, let’s take each parameter 
one by one... atmospheric pressure, its 
contents.... oxygen... temperature varia¬ 
tions... energy emissions...” 

The robots automatically fed data to the 
computers beside the table. Each sheet was 
caref^ully scrutinised. 

"Bacteria...?" Hemaketu whispered 
bending eagerly over the last perforated 
sheet." By Universe, can it be possible, "he 
stumbled, "perfectly safe, even better than 
our own Viplava..."! he handed over the 
paper to Kalpaksha. 

Kalpaksha glanced at the paper and 
jumped up with an exultant cry. He whisked 
Vijeeta up from the chair, held her high and 
planted a massive kiss on her mouth. 
"Eeeeoooooh..." he cried. 

Everybody knew what it meant. Shouts of 
joy rent the air. An left their tables and 
began crowding around Hemaketu’s 
group.... "Buck up..." ... "Cheers...." ... 
"Congratulations...." .... "Now, announce it 
Commander...." they shouted. Most occu¬ 
pants of the ship were highly specialised 
experts, technicians, scientists, biologists 
and sociologists. 

Hemaketu disliked Kalpaksha’s exulta¬ 
tion. especially his demonstrative bussing 
of Vijeeta. He had to make the formal 


announcement. He rose from his chair, 
cleared his throat and began sombrely. 

"Friends, this is a great moment for our 
civilisation, a giant leap for the humans of 
Viplava. This moment shall be preserved on 
a platinum film.... At last, our quest 
through centuries and galaxies has 
yielded.” 

"Oooh... no speech...”.... "Just^, the 
announcement,...” People knew their Com¬ 
mander’s penchant to make speeches. 

"Well... 1 am glad to announce that our 
host planet, which apparently has some 
kind of advanced civilisation, is absolutely 
free of harmful bacteria..." 

Shouts of joy, whistles, clappings. Some 
even began dancing. A few youngsters 
cried... "Let's go... come on...” 

"Wait... wait...” Hemaketu raised his 
hand. "You know our rules. There are still 
more tests to be completed. We shall see the 
sunrise here soon. Till then, we are not 
supposed to step out. Meanwhile, each ol 
you will get the basic information about 
this planet on tapes which you can study oi^ 
your personal screens. Our host is an ideal 
planet. Most parameters compare well with 
our Viplava. You might experience a light¬ 
headed feeling, a spring in your legs, 
freshness and a youthful intoxication. Don't 
be carried away. You are not younger even 
by a matra. Its the effect of zero point nine 
four nine gravity here....” 

Hemaketu’s humour was not lost. Some 
of the elder scientists smiled tolerantly. 

After the crowds dispersed for rest and 
study in their respective rooms, an elderly 
physicist approached Hemaketu’s table. 

"Congratulations, Hemaketu, for this 
monumental achievement..." 

"Thank you, Dnyanamagna, but you 
must congratulate these young people, its 
their achievement, Kalpaksha, Vijeeta." 
Hemaketd said magnanimously. 

Dnyanamagna ignored this. He was a 
typical specimen of a scientist. Ill-fitting 
clothes, an irregular beard, long white hair 
and lost eyes. 

"What about nuclear energy...?” he 
asked. 

"Well, we have detected heavy radiation 
But you see. apparently they have not used 
nuclear energy in their primitive satellites. 
We shall have to go out to see....” 

Dnyanamagna shook his shoulders, ad¬ 
justed his glasses, turned back and went 
away without speaking another word... 

T« bt cnlliNiid 

Afr. Sadhu, Bombay ropmantatUm of ih 
Stateman, /i a weli-knom Marathi noMiiit and 
short story writsr. 



NEW HEIGHT is ^ 
an ail new 

scientific method ^ 
based on an exclusive 
Swiss principle whi^ 
reactivates the m 
whole body. m 
NEW HEIGHT is 1 
remarkably effective 
for both men and 
women and has been 



proved m thousands of cases all over 
Europe. NEW HEIGHT can make a big 
difference in your Figure, Height and 
Posture, a difference you can see just 
by standing 
up to the 


WHY GO THROUGH LIFE 
LOOKING LIKE THIS.. 




STAND UP TO THE WOULD 
WITH CONnDBNCE AND 
NEW HEIGHT 
A confident erect posture 
shows a successful person 

J male or female. 

Research has 
proved that a 
tall posture is 
>re appealing to 
e opposite sex. 
lu being denied 
od things of life 
fuat because of a 
poor posture? 
Don't despair, 
whatever be your 
present state, here is 
good news for you. 


NO OADOETS OR 




EXERCISE, NO 
ARTIFICIAL AIDS UKE 




NO APPLIANCES. 


OU CAN LOOK LIKE THIS 
DAYS FROM NOW’ 


BUTTOCKS 


FOR BOTH MEN & WOMEN 

Standing tall makes you look good And 
when you look good, you feel good 
You're more confident, alert and gommand 
more respect When you stand tall, you 
can certainly stand up to the world Now 
spend only a few minutes each day 
following the step by-step instructions 
In 2 short weeks measure your height 
You will find it has increased peihaps 
by as much as 15 full centimetres 
And remember, if you do not obtain ‘ 
satisfactory results, we'll refund j 

your money immediately, j ■ 

(less! handling & forwarding 
charges) No questions asked. i 



DON'T 

SEEINSTAN1 
lESULTS YOU 
MONEY 
BACK IN FUL 



Available by V P P for Rs. 94/- 
NEW HEIGHT, Mehta Mahal. 

15 Mathew Road. Bonbay 400 004 


(Less handling and 
forwarding charges) 

IMPORTANT- 

Pleaie note that the NEW 
HEIGHT PROGRAMME IS a 
BOOK OF INSTRUCTIONS 
on how to be Uiler and how 
to correct your posture 
1^' with the help of certain 
scientific eaercite IT IS 
NOT A MEDICINE OR DRUG 


This is not just any coupon. 

It is your passport to a 
;—I NEW HEIGHT and C! 

POSTURE^^..-.-- 


THIS COUPON TODAY 


NEW HEIGHT Mania Mahal IS Maihaw Road Bombay 400 004 
Pleaie rush me NEW HEIGHT under your 14-dav Free 
Home Trial Offer If I am not fully satisfied with the 
results. I may return everything within the trial period for 
an Immediate refund iiess handling ft forwarding 
charges) pioaio ticb appropriate box ^ 

□ Send by Regd Post Parcel I am enclosing Rs 94/- by 
Drafi/I P 0 /M O No dated 

iPayable to Bullworker Pvt Ltd ) 

. ' □ Seitd by V P P I promise to pay postman 

, V Rs 94/- on delivery 


Signature 



SCIENCE TODAY, SEPTEMBER 1984 69 















ATOMIC APPAREL 

C. K. Gupta 


Z IRCONIUM remained for long 
the problem child of metallur¬ 
gy as it 15 exceedingly difficult 
to free it from its ores, which, 
however, are abundant in nature. Once 
the metal was drawn out of its hiding, 
not only has it been good in behaviour 
but also has come up with many 
delightful surprises. The properties 
that make its extraction inherently 
difficult and expensive are its high 
melting point combined with a suicidal 
affinity for gd.ses when hot: the metal 
can di.ssolve virtually anything when 
molten, including brick. 

This silvery grey metal is somewhat 
lighter than steel and quite strong. It 
has a remarkable resistance to corro¬ 
sion except against hydrofluoric acid. 
In anticorrosion propeilies zirconium 
is close to tantalum, being even .super¬ 
ior in its resistance to alkalies. 

Among the many virtue.s the metal is 
endowed with, the mo.st important, 
perhaps, is its low absorption of slow 
neutrons. This property along with its 
added strength, corrosive .stability and 
workability makes it attractive for clad¬ 
ding fuel material in nuclear reactors 
Though aluminium too has a low 
absorption capacity for sIo\v neutrons 
the corrosion resistance and the 
strength at high temperatures tilt the 


balance in favour of zirconium. Howev¬ 
er. there is one unfortunate aspect of 
this which needs to be mentioned here. 
Zirconium ores normally contain about 
two per cent of hafnium an element 
closely related to zirconium. Though 
the two are identical in their chemical 
behaviour, liafnium has a much greater 
capacity for slow neutron absorption 
(700 limes more). For this rea.son, it is 
necessary to bring down the hafnium 
content to less than .02 per cent in 
nuclear-grade zirconium which by no 
means is an easy task. In fact, there is a 
greater similiarity between this pair 
than any other pair we come across 



in the periodic table. 

Discovery and properties 

The discovery of zirconium goes 
back to 1798 and is credited to the 
famous German scientist, Martin Kla- 
porth. Since its discovery Klaporth’s 
metal waited behind the scene until the 
true calling for the metal came with 
the advent of worldwide nuclear power 
programmes. A phenomenal change 
has. since, come about in its status. 
Today, one witnesses the destiny of the ^ 
metal to be closely interlinked with 
that of nuclear power programmes. 

Zirconium occurs in nature com- 



Zirconium in fioji-jiirc/ear industy. A, Heniing coU*B^ C^si pump CMsind nnd CMst 
vahe bodies. C. Tube and aheU heat exchanger 
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bined with silicon and oxygen as zircon 
sand, zirconium orthosilicate. The dif¬ 
ficulties in its extraction and metallur¬ 
gy have made it belong to the class of 
rare metals though, in nature, it is 
more abundant than all the nickel, 
copper, lead, zinc, tin and mercury 
combined. Zircon is the most widely 
distributed zirconium mineral whose 
zirconium content varies from 61 to 
66.8 per cent and is found in the beach 
sands of Florida, India and Australia, 
yiother zirconium mineral, the second 
^/nost important, is baddeleyite which is 
the native form of the oxide or zirconia. 
It is available in Brazil and South 
Africa. This source of Zirconium goe.<r 
mostly for the chemical markets. 

The metal is described as refractory 
(high melting point) and reactive (ex¬ 
tremely sensitive to impurities uarticu- 
larly gases). These characteristics have, 
in fact, made zirconium metallurgy 
vastly different The refractory nature 
rules out the extraction of the metal in 
molten condition from large furnace 
installations, the familiar scene in 
common metal extraction. The reactive 
nature of the metal (the great affinity 
oxygen, nitrogen and hydrogen) 
dictates that the metal be protected at 
every stage of processing either by a 
blanket of inert gas or vacuum. As little 


as a few parts per million of these gases 
utterly ruin the working properties of 
the metal, rendering it brittle. Hyd¬ 
rogen impurity is somewhat easy to 
control, as during the production of 
ductile zirconium hydrogen gets 
pumped off. The case of oxygen and 
nitrogen is quite different and once 
they report to the metal, there is no 
way of getting rid of them completely 

Zirconium chemistry provides a 
number of other unusual aspects. Its 
compounds range from strongly acidic 
through neutral to strongly basic, a 
behaviour unlike many other inorganic 
compounds, where one expects a range 
from neutrality to either acid or alka¬ 
line compounds, but not both. 

Uses of Zirconium and its compounds 

The current annual production of 
zirconium metal amounts to about 
4500 tonnes with the nuclear industry 
being the major consumer. Water 
cooled reactor systems including boil¬ 
ing water, pressurised light and heavy 
water types make substantial use of 
zirconium for fuel cladding and struc¬ 
tural components. An alloy of zirco¬ 
nium with small proportions of other 
elements rather than pure zirconium is 
used in these applications. The alloys 
retain the desired properties of the 


pure metal and ^Iso perform better in 
the nuclear reactor environment. Zir- 
caloys, zirconium-niobium, ozhenite, 
zirconium-niobium-copper, are well 
known examples of alloys of zirconium 
presently in use. 

Zirconium has found a number of 
non-nuclear applications. Special men¬ 
tion may be made of applications (i) in 
the chemical process industry—in heat 
exchanger tubes, valves, pumps, (ii) in 
incendiary applications as finely di¬ 
vided metal powder, (iii) in grain refin¬ 
ing, and as hardener, in aluminium 
and magne.sium alloys, and ^iv) in 
deoxidation, and gram growth inhibi¬ 
tion in steels In the figure some typical 
ziiconium products used in industry 
are shown 

The application account would hard¬ 
ly be complete without mention of 
zirconium compounds Heavy mineral 
zircon sand blends have foundry and 
sand-blasting uses. Zircon-based 
foundry .sand was reportedly designed 
to provide high quality performance at 
low cost tor critical casting applica¬ 
tions. The zirconium mineral, bad- 
deleyile finds uses in the manufacture 
of alumina-zirconia abrasives and also 
in cerarritbs and refractories. Zirco¬ 
nium chemicals are being used increas¬ 
ingly in the paint, textile and phar- 
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maceutical industries. Among the zir¬ 
conium compounds, the most impor¬ 
tant, perhaps, is zirconia. The bond 
between zirconium and oxygen is ex¬ 
traordinarily stable, and can withstand 
unusually high temperatures. This 
asset makes the material ideally suited 
for high temperature applications. Zir¬ 
conia IS a very popular refractory cruci¬ 
ble material. Partially stabilised zirco¬ 
nia ceramics m the system zirconia- 
calcium oxide have great capacity to 
withstand thermal shocks. Calcia sta¬ 
bilised zirconia is an excellent high 
temperature solid electrolyte. The 
ultrahigh temperature mho (magneto 
hydro dynamics) power generating sys¬ 
tems use stabilised zirconia as elec¬ 
trodes. Zirconia has the remarkable 
ability to emit light intensely, upon 
heating, that it is used in illumination 
engineering. 

Zircon to Zirconium 

Zircon sand is knovi'.'i as a gem 
mineral from Biblical times: it is called 


In honour of toe r en owned metaliur- 
gbt, who bunded entire new Adds of 
technology, W. J. KroO zbeonhffli medal 
hai been eetebUehed to rooegnbe out- 
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ilrcoidum production and utilbation 
and to enoouibge fiiture work In thb 
field. Tho SMord b made by the W. J. 
KroU Institute for Extractive Neteiluigy 
fo OSA. 

jargon in Sri Lanka and hyacinth in 
Prance. Zircon probably comes from 
the Arabic zaigdn for gold or the dark 
ember colour of the common gem¬ 
stone. Zircon is a highly refractive 
material as is evident from its geologic¬ 
al stability. It is cracked only at high 
temperatures and with strong reagents. 
Zircon traverses a long route before 
yielding zirconium. Broadly speaking, 
these are the four steps involved in 
zirconium production. 

The first step is the chemical break¬ 
ing down of the mineral. The objective 
is to obtain water soluble zirconium in 
a form compatible for the next stage. 
Milled zircon is fused with cau.stic or 
caustic soda to produce sodium silicate 
and sodium zirconate. On leaching 
witli water, a hydrous zirconium oxide 
IS obtained which is soluble in strong 
acids. 

The second step is for separating 
zirconium from hafnium by solvent 
extraction. The commercial system in 


use are zirconium chloride-thiocynic 
acid-methyl isobutyl ketons, zirconium 
nitrate—tributyl phosphate-kerosene 
and zirconium sulphate-tri-N- oefyb- 
mine. Reference must be made at this 
point to another method which has 
been successfully employed as a separa¬ 
tion technique, the pyro-chemical pro¬ 
cess. The nuuor drawback of the sol¬ 
vent extraction process u considered to 
be the pollution problem arising from 
nitrogen containing salts and organics 
present in the aqueous effluent. 

The pyro-chemical process begins 
with anhydrous chloride obtained from 
chiorination of zircon sand and coke 
and operates either on the greater 
volatiiity of hafnium tetrachloride over 
zirconium tetrachloride from a multi- 
component molten salt, or on the 
greater ease of reducing zirconium 
tetrachloride to less volatile trichlor-^ 
ide. Separated chloride directly goes for 
reduction. Separation involving the use 
of molten salt extraction system has 
until rurw shown considerable promise. 
A plant has already been built in 
France. This trend of solvent extraction 
being given up in favour of pyro- 
chemical process is likely to continue 
in nuclear-grade zirconium produc¬ 
tion. 

The third step following solvent ex¬ 
traction is the production of anhydrous 
chloride. The chlorination process^ 
essentially involves the reaction of 
hafnium-free zirconium oxide (solvent 
extracted and processed) with carbon 
and elemental chlorine. The tetrachlor¬ 
ide vapour gets collected in the conde¬ 
nsing units attached with the chlor- 
inator. 

The last step is the Kroil process, 
reduction of the chloride with magne¬ 
sium. The process consists of sublima¬ 
tion of zirconium tetrachloride to a 
bath of molten magnesium in a batch 
reactor maintained under a protective 
atmosphere of helium or argon. Mag¬ 
nesium, because of its greater chemical 
activity, takes up the chlorine bound 
with zirconium. Solid zirconium on 
account of its high density settle? 
beneath. Less dense molten magne¬ 
sium chloride resides below the molten 
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magnesium on account of its being the 
lightest among the three components 
in the reduction. Molten magnesium 
thus rests at the top and makes itself 
available to react with the incoming 
tetrachloride vapour and the cycle con¬ 
tinues till the conclusion of a given 
r^uctkm batch. The excess magne¬ 
sium and the magnesium chloride are 
then drained and distilled away. The 
process yields zirconium in a grey 
sponge form. The magnesium reduc¬ 
tion process for zirconium is more 
popularly known as Kroll process (see 
box on page 72). 

Zirconium in the powdered form is 
another industrial requirement for the 
metal as pointed out earlier. There are 
two ways that are in vogue for powder 
production; one starts with the oxide 
and the other with the metal. The 
> oxide process involves chemical reduc¬ 
tion with either calcium or magnesium 
which on account of their higher 
affinity for oxygen reduce effectively 
the oxide to the metallic state. The 
other powder preparation method in¬ 
volves hydriding of the source metal, 
comminution of the hydrided metal, 
and finally dehydriding. 

Powdered form of pure zirconium 
needs to be handled with care as it can 
catch fire ^nd burn easily. Large 
amounts of the metal dust present in 
the air can lead to explosions. Very fine 
/Jiowder, which neecb an inert atmos¬ 
phere or vacuum for storage, finds 
application in photo flash lamps. 

Indian Scene 

There is no dearth of zirconium 
resources in India. Our country, in 
fact, ranks well with other countries 
noted for zirconium reserves. The prin¬ 
cipal source irt India is zircon whicli 
occurs plentifully in the alluvial beach 
sands of Tamil Nadu and Kerala and 
also in the placer deposits of Ranchi 
plateau (known reserve.s are placed 
over five million tonnes). 

The story of zirconium in India dates 
back to the early fifties. It started with a 
‘Reference by the Department of Atomic 
Energy to the Metallurgy Department 
of the Indian Institute of Science at 



Sant bMgtaomiy pndaetd afrconAna 
prafucfs. A. Mafitetium-rtduead voage 
B, Cakkua-ndueed pamkr.C. Wkt.D. 
Ratttd AtH.E. purify ayata! hur.F. 
Zhvafajy (iibes far eoatainiag unaium 
axUe Aicf 


Bangalore for initiating extraction and 
process metallurgy development work 
on zirconium utilising indigenous re¬ 
sources. The programme was later 
brought to the Bhabha Atomic Re¬ 
search Centre at Trombay, Bombay. All 
components of the flowsheet starting 
from zircon to finishing with reactor- 
grade metal production and going 
beyond to melting, casting, alloying 
and fabrication technology for reactor 
application, have been extensively re¬ 
searched and developed upto pilot 
scale. These efforts laid foundation and 
provided the requisite engineering and 
technological inputs for setting up a 
folly indigenous production plant at 
Nuclear Fuel Complex at Hyderabad for 
meeting the requirement of the metal 
for the nuclear programme in the 
country. Successful operation since 
plant establishment in early seventies 
provides ample testimony to the capa¬ 
bilities and competence of Indian sci¬ 
entists and engineers for handling this 
special technology. 

The present Indian practice begins 
with the caustic fusion of zircon. Sol¬ 
vent extraction coming next, is ba.sed 
on the nitrate-tributyl phosphate- 
kerosene system. Prior experience in 
uranium extraction and refining, and 
the possible use of stainless steels as 
suitable construction materials dic¬ 
tated this particular choice of the 
solvent extraction system. The flow¬ 
sheet further on goes over to zirco¬ 
nium oxide chlorination in which first 
the oxide and petroleum coke powder 
mix is wet extruded and coked. The 
chlorination of the coked briquettes is 
then accomplished in a self-resistively 
heated heavy duty silica-brick lined 


shaft fomace. The chloride vapour 
coming out of the chlorinator is conde¬ 
nsed in the attached assemblies kept 
somewhat hot. This facilitates chloride 
condensation in dense form, simul¬ 
taneously resulting in the elimination 
of a large portion of associated volatile 
chlorides of boron, silicon, titanium 
etc. Redistillation of raw chloride in 
hydrogen becomes to some extent 
necessary in large volume production 
to achieve strict control of iron impur¬ 
ity. The purified chloride next passes 
through magnesium reduction and 
vacuum distillation cycle and ends up 
as zirconium sponge which is later' 
melted, alloyed and fabricated to tubu¬ 
lar products for power reactor applica¬ 
tion. 

Apart from the reactor-grade metal 
there is also some production of pow¬ 
der metal mainly for meeting the 
internal market. Powder production 
utilises, at pVesent, the hydride- 
dehydride process with the off-grade 
zirconium metal source. The program¬ 
me however was initiated with the 
adoption of calcium reduction process. 
The change over later to the hydride- 
dehydride route was economically 
more justifiable and preferable too. 
Calcium is by no means a cheap 
reductant. Its indigenous availability is 
nil and therefore its use meant con¬ 
tinued dependency on imports. 

Nuclear energy in India bears, today, 
an expanding outlook. Programmes are 
being launched for the setting up of 
new nuclear power plants. Zirconium 
is destined to play its due share in tl;is 
expansion and the metal’s nuclear fu¬ 
ture stands very much assured in the 
indigenous scene. We can expect a 
good number of modifications and 
process improvements; possible re¬ 
placement of solvent extraction by pyro- 
chemical process, to cite an exam¬ 
ple. Zirconium production technology 
is poised well in India to significantly 
figure with the leading zirconium 
programmes in the world. □ 


Dr. Gupta isr^^, Extraciwe Metallugry Sec¬ 
tion, Mefallu^F Division, Bhabha Atomic Re¬ 
search Center, Bombay 
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1 • Red spot: —C: The r.reat Red 
Spot is a semipermanent salmon col¬ 
oured markinf} of on (he planet Jupiter. 

It 1 $ estimated to span some 40,000 
km X 13.000 km and exhibits a deeper 
tint in some years. The Jovian Red Spot 
has existed since observations of details 
on Jupiter were flrst made^-about 300 
years ago. The gas in the Great Red Spot 
IS found to have a 12-day counterclock¬ 
wise rotation period. At present very 
little is known on the Jovian Red Spot 
and Its true nature remains elusive. 

One school of thought suggests that 
the Red Spot, is the top of a gas column 
that arises because of an obstacle in the 
lower part of the Jovian atmosphere. The 
presence of thi.. obstacle is not proved. 
Other astronomers are of the opinion 
that the Great Red Spot represents a 
giant eddy. 



3 • Yellow salt: —0: Also known as 
uranyl nitrate U 02 (N 03)2 6 H 2 O, yellow 
salt, IS a toxic, explosive, unstable yel¬ 
low. crystalline substance. It dissolves in 
alcohol, ether and water. It melts at 60*'C 
and boils at 118T. Its characteristic 
yellow colour is due to the presence of 
the uranyl lun. Uranyl nitrate finds 
applications in photography, medicine, 
uranium extraction and uranium glaze 
preparation It is also called uranium 
nitrate. 


Orange laJce:— D: The term 
Make’, in dyeing refers to any coloured 
organic dye that has been rendered 
insoluble by interaction with a metal 
compound. The interaction may involve 
the precipitation of a salt, in which the 
proportions of dye to metal are fixed, ox 
It may be a less well defined attraction 
between the dye and the particle sur¬ 
faces of the metal. Orange lake refers to 
any of the various transparent orange 
pigments that are formed by the precipi¬ 
tation of an orange dyestuff on alumi¬ 
nium hydrate or any other base, (Dyes of 
several chemical classes including mor¬ 
dant dyes and basic dyes can be made 
into lakes.) 

I^kes extend the range of colours 
available for paint, cosmetic and ink 
production They are also used to colour 
utility items. 


White rainbow:-D. Fog bow, 
mistbow or white rainbow is a faintly 
coloured circular arc similar to a rain¬ 
bow, but formed on fog layers contain¬ 
ing drops whose diameters are of the 
order of 100 micrometers or less. While 
rainbows have featured often in moun¬ 
taineering lore Perhaps the saddest 
story involving white rainbows 1 $ that of 
the party led by Edward Whymper an 
artist and ardent climber He led a group 
of 19th century mountdineers. who were 
among the first to scale the Matterhorn 
They are .said to have glimpsed a white 
rainbow framing a series of crosses lust 
after an accident in which many of them 
lost their lives Whympers sketched his 
vision for posterity. 



Green's flyadlc:-A: Green's dyadic is a mathematical term. It represents a 
vector operator which plays a role analogous to a Green s function in a partial 
differential equation expressed in terms of vectors. Green's function is a function 
associated with a given boundary value problem, which appears as an integrand for an 
integral representation of the solution to the problem. 


Blue bottle:-- C ‘ The blue bottle Physalia utnculus is a marine invertebrate 
dreaded by swimmers in and around the Indian Ocean. Also known as the Portuguese 
man-of-war, the animal inhabits warm seas throughout the world, and is often seen 
along sandy shores, where it looks like an inflated plastic bag with bedraggled yarn 
trailing behind it The body consists of a translucent pink, blue or violet tinted gas-filled 
bladder-like float, beneath which are clusters of polyps with tentacles that stretch 
behind it like wet blue wool. The Physalia bear nematocysts or stinging cells, that 
paralyse small fish and other prey, prior to digesting them. Its tentacles are constantly 
regenerated. The blue bottle's sting is dreaded and with good reason. It is very painful to 
man and can cause serious effects including fever, shock and interference with heart 
and lung action 


7 • Silver fish: —A. Silver fish Lepisma saccharma, are slendei, flat, wingless 
insects with three tail bristles So called, because of their silvery scales and quick silver 
movements, silver fish belong to the wingless insect order Thysanura. Distributed 
worldwide, they eat their way into libraries around the globe. They consume materials 
with high percentages of starch, including paste, book bindings, wall paper and some 
fabrics. Between five to ten millimeters in size, they live for about seven years, during 
which they moult 40 times. They are destroyed by poisonous baits and other 
insecticides. 













O • Gnywacke: —D: is a variety of 
'Sandstone, rich in clay and grains of 
^ heavy minerals. The name graywacke 
(from the German Grauwacke) was first 
u.sed by the German mineralogist Abra* 
ham Werner in 1787. It describes the 
colour and texture of the rock. 
Graywacke is the name generally applied 
to dark-coloured, strongly bonded sand¬ 
stones containing rock fragments, feld¬ 
spar and quartz of sand size. Almo.st all 
graywackes originated in the sea and 
were deposited in deep water by turbid¬ 
ity currents. Graywackes differ in col¬ 
our, depending on their composition but 
are all various shades of gray. Graywack¬ 
es are found to be associated with mud¬ 
stone. shale, argillite and slate. Volcanic 
graywackes do not show diagenetic (or 
burial metamorphic) effects. Graywack 
es are taken to indicate tectonic activity 
(folding and faulting) in the Earth's 
crust. 


7 • Gold leaf: —D: Gold leaf is rolled 
or beaten gold, of extreme thinness 
(approximately two nanometers), used 
for decorative work Cold leaf prepara¬ 
tion IS a 'de.scendant’ of gold beating, a 
craft which dates back to antiquity 
Homer refers to it and medieval manu¬ 
scripts gleam with gold leaf, which was 
also u.sed in tempera work and gold 
tesserae. Gold tessera is a type of mosaic, 
first used by the Romans. It comprises of 
gold leaf encased in ‘glass' chips It 
became popular around 300 An for use in 
wall murals and mosaic decorations 
Gold leaf preparation is a tedious 
proce.s.s. Traditionally, a hammer and an 
anvil were used to heat the gold into 
ribbons which were later cut into 
squares The squares were then encased 
in sheets of vellum or heavy paper and 
.sheep skin and rebeaten to a still finer 
thinness. 





10 . 


J.\/o Black widow: —A: A de¬ 
servedly bad reputation shrouds black 
widows—spiders of the genus Latrodec- 
tus. The females of the species, devour 
their partners, soon after mating. The 
unfortunate male, doesn't stand a 
chance, he is one-fourth the size of his 
wife! Black widows belong to the insect 
family Thendiidae and the order 
Araneida. There are six known species, 
which are all toxic to man Their bite 
produces pain, nausea, and mild para¬ 
lysis though most bite victims recover 
without serious complications Insects 
also feature among the black widow’s 
diet preferences. 
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Look at the night sky. If s 
beautiful 1 

Look at It through a 
TELESCOPE. If 8 fantastic!! 

The SHARP VISION telescope 
enables you to discover the wonders 
of the Universe yourself. 

With the fine quaiity of optics used in our 
teiescopes, you can see the planets in their 
actual shapes Like rings around Saturn, bands 
on Jupiter's surface and its four major satellites^ 
Venus in its different crescent phases are all 
seen with amazing clarity. Hundreds of craters 
on the Moon’s surface afe seen in intricate 
detail. Star clusters, nebulae and galaxies, 
which are beyond the reach of the unaided eye, 
become distinctly visible. 

To suit your requirement, we have two different 
models to offer: ^ 


^DELUXE model 
gives the highest 
possible resolution 
for Its size with 
60x and 120x 
magnification 
powers Complete 
with tripod and 
accessories. Price 
L Rs 650/- post paid. 





^STANDARD model 
is small and handy, 
yet It provides 
solid 40x and 60x 
magnification 
powers A complete 
unit in Itself, it is 
priced only Rs 490/- 
I post paid 


Both models of our telescopes will provide 
years o' entertainment and learning. 

Both models are equally enjoyable on land 
objects as well. 

We also have a telescope optics kit for the 
enthusiasts who wish to build their own giant 
telescope at a nominal cost The kit (optics onl^ 
is priced at Ra 350/- post paid. 

FREE' With each model you get ‘Treasures of 
the Night Sky, our complete guide to star 
watching including general principles of astro¬ 
nomy as a free gift This book is also available 
separately at Ra 14/- post paid 
You will be proud to possess a SHARP VISION 
telescope. And you will thank your ‘stars’ you 
bought it I 

Write for complete literature to; 

SHARP VISION SCIENTIFIC CO., 

192, DOA Self Knancing Scheme, 

Hauc Khas, Raw Delhi 110016. 
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EASY METHOD TO DETECT JAUNDICE 


I NFECTIVE hepatitis, commonly known 
as Jaundice, is endemic in many areas of 
the country. In big cities, contamination of 
drinking water has created a chronic hazard 
in this respect (SCIENCE TODAY, August 
1984). Therefore, there is an urgent need 
for a simple and cheap method for detecting 
onset of the disease in the early stages. 
A very early indication of infective hepati¬ 
tis IS the appearance of the bile pigment 
bilirubin in urine. In healthy persons, this 
pigment is present in only very small traces 
in urine. However, the onset of hepatitis 
causes significant amounts of this pigment 
to be excreted in urine and detecting this is 
a reliable way of diagnosing infective hepa¬ 
titis. 

The conventional method for detecting 
bilirubin in urine involves several time-con¬ 
suming .steps such as precipitation of the 
pigment, filtration and the use of a colour¬ 


ing agent. Moreover, this method needs 
trained technicians, is relatively expensive 
and can be performed only in a biochemical 
laboratory Strip and pad type of tests 
developed abroad, using specific colouring 
agents are available but are not in use in 
India. 

The Chemistry Division. Bhabha Atomic 
Research Centre (IIARC). Bombay, has de¬ 
veloped a simple, cheap and reliable .strip 
for the quick detection of bilirubin in urine. 
With this strip, detection of bilirubin takes 
less than half a minute compared with the 
20 minutes required for the conventional 
method. The test can be performed by 
untrained persons. 

The new technique uses a detecting agent 
encapsulated in a radiation cross-linked 
hydrogel. The gel is selectively permeable to 
bilirubin only and keeps the other pigments 
out. The gel is a kind of adhesive bonded to 


a white plastic base to provide a background 
for colour observation. 

In a test the strip is dipped in the .sample 
of urine for 15 seconds, then in water for a 
second, and taken out and observed. Pre¬ 
sence of abnormal amounts of bilirubin is 
indicated by the appearance of a clear 
yellow colour in the strip. The strip is 
sensitive to about 0.1 mg of bilirubin in 100 
ml of urine. 

After being tested at the bakc Hospital, 
the strip was independently evaluated at the 
Kasturba Hospital. Bombay The tests have 
shown that the strip is reliable, simple and 
convenient to use. The cost of the strip is 
minimal and it can find large scale use, 
e.specially in rural areas. 

C. Copinathan 

Mr. Copmathan is with the Chemistry Division, 
Bhabha Atomic Research C.entre, Homhay 


Data transmission through telaphonas 


T he Posts and Telegraphs Depart¬ 
ment is gearing itself to make the 
most of modem day communication 
facilities. The system of data transmis¬ 
sion on Public Switched Telephone Net¬ 
work (PSTN), the par is advocating, is 
meant to accelerate efficient use of the 
large telephone infrastructure we have 
and also boost the use of personal 
computers in the country. 

The PSTN offers avenues for people to 
process data at the residence or office 
without the need to carry it from place 
to place. The telephone subscribers who 
also have a computer at their disposal 
can call any other computer-—national 
or international—on subscriber triSnk 
dialling (STO). 

The system involves at either end a 
congHiter terminal, an interface, a mod¬ 
em and a telephone. At the data trans¬ 
mission point the computer provides 


Computer 


data to the modem through the inter¬ 
face. The modem concerts the digital 
information to an antiog signal and 
transmits it in a voice range that is 
audible over ordinaiy telephone lines. At 
the receiving end, the procedure is 
reversed and the data is processed. The 
terminals can process dab at a speed of 
1,200 bits per second. 

The system can be put to several uses 
including essential- services like airline 
and railway bookings, exchange of dab 
and information between branches of 
commercial establishments, institutions 
and so on. 

The modems'and other accessories 
needed by the computer owners for dab 
transmission are manufactured by Hin- 
dusbn Teleprinters, Madras, and are 
rented out the PSiT for Rs. 3.000 per 
annum. 

Meanwhile the Indian Telephone In¬ 


dustries DU.« Bangalore, has produced a 
computerised programmable electronic 
displ^ board, a new concept in outdoor 
adi^sing. It enables gr^lc designs 
and messages to be shown in colour 
animation. 

The display board consists of modules. 
capable of displaying six or 12 charac*' 
ters. The modules can be stacked either 
horizontally or vertically as required., 
The frequency, sequence and speed of 
display are automatically controlled. 

The control system uses standard' 
8085 microprocessor through which all 
the entries, additions or deletions are 
carried out. Fixed messages can be' 
stored in custom-made ROMs (read only 
memories). There is battery back-up to 
meet power failures. 

The imporbnt features of this systan 
include bright visibility from long dto- 
tances and animation of visuals, 
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I Communication by 
: wrist radios 

M aking calls on wnst radios could be 
possible by early next century using a 
giant space antenna in the orbit, being 
developed by Ixx:kheed Missile & Space. 
Company (LMSO. in the US. 

The anatenna, which eventually could 
measure up to 200 m in diameter, would be 
able to receive low-power signals from earth 
,and rebroadcast them at high power to 
designed areas. 

Thus a smali, low-power wrist radio with 
a simple antenna could transmit sound to a 
large part of the world, rela^^ed by the 
p antenna-satellite acting as switchboard. 
Lnsc's programme manager Mr. Nicho¬ 
las F. Garcia says “Remote areas without 
telephone lines, such as Alaska and Cana¬ 
da’s far north, could benefit greatly from 
such a high capability antenna-satellite.” 

It IS a quick and reliable means of 
communication. It would be valuable to 
exploration teams. Othei potential uses for 
it are radiometry observations important to 
agriculture, radio astronomy and radio 
telescope applications.' 

A segment of antenna which was tested 
recently consisted of four 27 m-long flexible 
ribs made of graphite exposy and connected 
by a gold-plated line wire mesh. 

The ribs and mesh structure are wrapped 
around a central core in a compact package 
suitable for transport on the Space Shuttle, 
from which it would be launched into 
geosynchronous orbit 35,880 km above the 
Earth's equator. 

Once m space, the antenna will unfurl 
automaticaMy, looking much like a huge 
umbrella 

According to Mr. Garcia, a single antenna 


could provide coverage tor the entire North 
American continent. If required, a second 
antenna could cover the South American 
continent at the same time. 

Earlier, ^e company had designed and 
built the 9 m-dianieter parabolic reflector 
antenna that was used on the National 
Aeronautic and Space Administration's Ap¬ 
plications Technology Satellite (ATS)-6 dur¬ 


ing the mid-70s. That experimental com¬ 
munications satellite was used to relay, 
health information to populations in re¬ 
mote areas of USA. 

It was also repositioned over the Indian 
Ocean and used by the Indian government 
in an experiment to broadcast television 
programme to remote populations on the 
sub-continent. 


ArihVa impnssion of the 55 m-diamein antenna being launched from the Space Shuttle ikft) and reagy to receive and rebroadcast 
microwave signals 





_ What is 

STEREOPHONIC SOUND 


T WO-track, Stereophonic sound 
systems are well-known. But what 
exactly is Stereophonic sound? 
Does Stereophonic sound com¬ 
prise of sound coming fro two different 
speakers? Well, not quite, there's more to it 
than meets the ears! 

us begin with the physiological 
aspects of how we perceive sound. The 
micrc^hones (mics) of our biological sound 
^tem are our two ears and as these are 
spaced apart, sound from a particular source 
arrives at different times (different phases) 
and with differing intensities at the two 
ears. The brain can perceive differences in 
the arrival time to the order of one 
millisecond—it assimilates the time differ¬ 
ence between reception of the .sound by the 
two ears and thereby estimates the direc¬ 
tion of the sound. (This is somewhat similar 
to the way in which images formed at 
different depths in our two eyes is perceived 
by the brain to give the real position of the 
^object. The existence of two eyes helps us to 
see the world in a three dimensional way. 
Similarly, the presence of two ears enables 
us to hear direction and depth of sound.) 
Besides arrival time differences, intensity 
variations caused by head-shadowing (our 
head physically blocking sound waves) also 
pfays a part in localising the sound source. 
A Stereophonic sound system essentially 
simulates this characteristic uf hearing with 
two ears. The importance of the two cues, 
that IS arrival time cues and intensity cues 
vary according to frequency and is shown in 
the table belqw; 

Frequency Dominating cue 

^ —700 Hz Arrival time 

'Ao — 2000 Hz Both Arrival time 

and mtensity. 

Above 2000 Hz Intensity 


Thus it is obvious that the best way to 
record sound would be to do ii in the same 
fashion as our ears pick it up. This could be 
done by placing two mics in the ears of a 
‘'dummy human figure” for recording pur¬ 
poses and listening to the recorded sound 
by means of a pair of identically spaced 
headphones. This is precisely what is done 
in the Binaural Stereophonic sound system 
and in ideal cases both the amplitude and 
phase ot the sound waves incident on the 
dummy's ears are duplicated at the listen¬ 
er’s ears. This method achieves the highest 
degree of realism—in fact the thuds of 
footsteps have been reproduced with strik¬ 
ing similarity! 

Headphones, however, are physically un¬ 
comfortable for long periods of listening 
and the method employed for Stereophonic 
recording and repr^uction on two speak- 



A bighfy eakrged 
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ers is shown in Fig. I. The two mics in frpnt 
of the ensemble of sound sources will 
receive sounds with different intensities and 
arrival times depending upon the spatial 
position of the source relative to each mic. 
When these separate sounds are reproduced 
by a pair of loud speakers the listener's 
brain is able to localise the sound in a 
manner similar to that in original space. 
The localising of sound in the listener's 
space constitutes what is known as the 
creation of 'Phantom Images’. The quality 
of Stereophonic sound, then, may be judged 
by its ability to provide cues necessary for 
the listener to perceive the location of the 
'Phantom Images’ with a pleasing overall 
effect. 

The methods for Stereophonic sound 
recording or pickup can be abroadly classi¬ 
fied into three techniques; Coincident, 
Spaced-apart and Individual-instrument. 

The Coincident method employs two 
closely spaced recording mics, often in the 
same casing. Because of the close spacing, 
sound from a particular source will arrive at 
the^ two mics alrfiost at the same time and 
therefore no arrival time cues can be used. 
However, because of the different positions 
-of the various sources there will be differ¬ 
ences in intensities of various sounds 
reaching the mics and this intensity varia¬ 
tion is utilised for creating "Phantom 
imaging” A high degree of stereo imaging 
can be obtained by this method. 

In the Spaced-apart method, the mics 
are kept several feet apart and both time 
and intensity cues are used. A problem with 
this type of recording is the tendenacy for 
the phantom images to concentrate at the 
two loudspeakers A mic in the centre, 
connected to both loudspeakers can help fill 
this void and is sometimes employed. 


Fig, i The search for phantom images 








In the Individual instrument technique 
each instrument or individual has a sepa¬ 
rate mic. The outputs from all these mics 
are fed into the two channels of stereo 
recording. What is exploited here is that a 
particular instrument could have a higher 
intensity in one channel so as to bring the 
phantom image closer to one speaker. 
When this is done for all the instruments, it* 
is possible to provide the 'Phantom image¬ 
s' confomiing to original space. Though 
this technique is rather involved, a large 
volume of music is recorded in this fashion. 

So much for Stereophonic sound. How, 
generally, is this two channel information 
stored? 

On magnetic tapes virtually two tracks 
are required to store the information. The 
orientation of the magnetic material on the 
tape contains the sound information. In the 
case of discs the process is more elegant. 
The sound information is stored in V shaped 
grooves engraved on the disc. The left wall 


Continued from page G3 


circumstances which are secondary to the 
person at the given moment. When he is 
indirectly involved 

Let’s say that the fly in the beer is not a 
joke, but a real situation, and it is your 
beer. You really want a drink, and are tired 
and irritable. It is hard to .say how you 
might react to the waiter's joke, but people 
watching would laugh 

In essence, laughter is always the result 
of looking at something from the side. Not 
all of us are capable of doing this or able to 
do It all the time There are people whose 
personalities are such that they are deeply 
immersed in one goal and rarely laugh. 
Then there are those who take nothing 
close to heart but laugh constantly. 1 won’t 
take It upon myself to say which of them is 
the happier 

S. You mentioned three conditions. What 
about the fourth? 

P. The fourth we call “a sense of humour'. 
S. I understand that laughter depends on 
positiw emotions and can guess why 
laughter occurs infrequently. But let us 
return to Dostoyevsky's idea. How does 
laughter characterise a person's indi¬ 
viduality? 

P. Laughter reveals the rnuU^tfide of man’s 
needs. For this reason, it all^st always has 
certain emotional nuances. 1 once found a 
long list of the different kinds of laughter in 
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of the groove is used to store the informa¬ 
tion for one channel and similarly the right 
wall for the other (See Fig. 2). As the stylus 
moves in the wavy groove, its vibrations are 


resolved into two perpendicular modes of 
vibration by the mechanism shown in Fig. 
3. Each mode is picked up by a correspond¬ 
ing sensor, the electrical output from which 
is fed into one of the two speakers thereby 
reproducing the sound stored in one chan¬ 
nel. 

Many innovative strides have been taken 
over the last two decades to obtain higher 
degrees of fidelity. One such development is 
the Quadrophonic system which basically 
incorporates the use of four channels. 
However, due to relatively low costs and 
greater general compatibility Stereophonic 
systems are by far the most popular in the 
world today. 

Klsaan Joseph 
SaiUgy Kumar Shrivastava 

The authors are students of the M.S. Physics 
Programme at the Indian institute of Technolo¬ 
gy, New Delhi. 


a book by a Soviet literary historian: kind, 
angry, proud, sincere, condescending, ing¬ 
ratiating, contemptuous, frightened, inso¬ 
lent, timid, unashamed, embarrassed, play¬ 
ful, sly. mocking, malicious, happy...There 
were over 30 entries. Laughter can even be 
sad, despondent or lifeless! 

The author also included physiological 
and bestial laughter. It can arise from a 
complacent feeling of superiority of the 
given subject at the expense of well automa¬ 
tised habits. But laughter can be still more 
primitive when it is connected with the 
subconscious. It expresses only that the 
subject IS experiencing physiological satis¬ 
faction and no more. In all probability, our 
prehistoric ancestors laughed like that. 

But there is still another form of laugh¬ 
ter Not simply a nuance, but a form. It is 
this form, in essence, that most clearly 
shows the need that lies at the heart of the 
feeling which gives r:se to laughter—the 
need for knowledge. 1 think that it was this 
need that made man a man in the evolu¬ 
tionary process. 

I am talking about pure, spontaneous 
laughter. We hear it very infrequently, but 
we recognise it immediately. 

Pure laughter is the triumph of the 
person who wants to know over that which 
he wants to know, the joy of acquiring 
knowledge, of overcoming one’s blindness 
and slow-wittedness. This kind of laughter 
bursts from a person at the moment of 
enlightenment. But enlightenment in such 
cases is unique: it comes without the effort 


one usually has to expend in order to 
understand. 

1 said that we hear pure laughter relative¬ 
ly infrequently. This is true among adults, 
but what about children? 

A newborn baby does not smile. The first 
smile of a normal child under normal 
conditions of development appears at about 
the fifth or sixth week of life. Initially it 
signals to the parents that their child is full 
and healthy. But later, as we know, the 
intensive period of learning about the world 
begins and each new discovery is followed 
by laughter. The joy of life which children 
experience can be explained first and fore¬ 
most by the fact that they are full of a need 
to learn and that this need is being satisfied 
with no particular effort on their part For 
this teason, it appears that children learn 
effortlessly and joyfully at first. 

But gradually, the life of a young person 
grows more complex and other needs begin 
to exert an influence on this ideal desire for 
knowledge. Smiles and laughter take on 
nuances and different intonations. Depend¬ 
ing on the situation and on what makes a 
person laugh, an alert observer--and Dos¬ 
toyevsky was a sharp, sensitive man—can 
determine the character and soul of another 
individual. Have I answered your 
question? □ 

This is a dialogue between Prof. POvel Simonov, 
Director of the institute of Higher NervObs 
Activity and Neurophysiology of the USSR 

Academy ofSciences and one of his postgraduate 

students. 












Sco«% 
your 
general 
nowledge I 


1. Whaf 8 zero? 

O Natural mimber O Whole number O F 


O Composite number 

8.18 paiae la-part of Xs. SO. 

O l/150th O l/300th O l/200th O i/400th 

3. Gunnar Msrrdal’s fOmons 1)ook Aalan Drama azplalna the; 

O Techmques of drama O English theatre in India 
O Economic problems and their solution in South Asia 
O Impact of British rule on Indian Economy 

4. What’s Bngeniea? 

8.-has maximum number of satellites. 

O Saturn O Jupiter O Mercuiy O Mars 


Prime number 


Could you dnswei most of 
these questions? Fither wny. 
you'll agree there's aliways room 
for improvement and widening 
of horiiions And the greater your 
knowledge, the greater your 
confidence 

Read Careers Competition 
limes the nionthly that is 
committed towards increasing 
vour general knowledge and 
heightening your confidence 
towards a brighter future 


General knowledge — Just one 
way In which CCT helps. 

[very issue of C(T carries 
pracfic.al guidelines fur 
achievement and peisonalitv 
development besides major news, 
events and all possible 
information on careers & 
comoetitions 

• Nev^sSections • Current 
events • Practice Tests • Tests 
of Reason R Mental Ability 

• Personality Development 

• Careers & Career Counselling 
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Check 
your 
career 
aptitudet 


1. Are patience, understanding and &grmpatby 
thre<4 of your strongest traits ? 

2. Do you have a flair for life sciences ? 

3. Are you confident of coping with emergencies ? 

. Is saving a human Ufe more Important than money ? 

. Do you Inspire confidence In yourself ? 

. Are you willing to forego a Ten-to-Flve routine and work harder, longer hours ? 
. Do challenges bring out the best In you ? 

. Gan you put your work before yourself ? 


1 


j 


If vour answer to most of 
them is 'Yes', you have the 
potential for a successful career 
In Medicine 

Choosing the right career 
can be a vitally important 
decision Because your entire 
future depends on it But it can 
be difficult too After all. how do 
you know what is right — or 
best — for you’ 

Career & Competition Times 
shows you the way 
By offenng you a meticulously 
planned and specially 
formulated body of reading 
material designed to help you 


discover your aptitude. Slowly 
but surely Month after month 
after month 

Career Aptitude — Just one 
wav In which CCT helps. 

Every issue of CCT carnes 
practical guidelines for 
achievement and personality 
development besides major 
news, events and all possible 
information on careers and 
competitions 

• News Sections • Current 
Events • Practice Tests • 

Tests of Reason & Mental Ability 

• Personality Development • 
Careers & Career Counselling 


CareerOf!"’p^ 

■ A TIMI 


1 TIMES OF INDIA PUBLICATION 


Sets yeuon the road to success. 
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"Education must aim at excelience.. 

imparting training to make better men and women*’ 

Smt. Indira Gandhi 


.And 


THE BRITI 


'TT i I 


makes it possible! 
Offering a service that's in keeping with students' needs 


.Utl-, 


Career Oriented Diploma Courses in Business Management, 
Industrial Management. Export Management, Personnel Manage¬ 
ment, Sales Management, Marketing Management, Office 
Management, Materials Management, Business Training, Business 
Letters, Personality Development. Exocutivt* Secretaryship, 
Executive Development 

Mechanical. Electrical, Automobile. Civil, Chemical, Diesel Engg , 
Transistor Radio. Radio & Television. Computer Programming, 
Petroleum, Metallurgy, Rubber, Textile Technology 

Banking, Accountancy, Secretaryship, Journalism, Commercial 
Art, Good English. French. German & Russian. 


Coilege posts first work Student starts studies at Examiner avaluatas answer 
to student, with advice home and sands assign- sheets and returns them 
on how to study ment to college with comments 

Specialised training for A.M.I E. (India), A S E. (London), I I.T. 
Entrance, Cert. A 11 B , D.B.M (IMC), D Com. (Accountancy & 
Income-Tax). D Com (Banking), D Com (Costing), D Com 
(Business Organisation). D Com. (Coy. Sec ), A C.S. (India) and 
C A Entrance Probationary Officer's Exam 

tVrire todmY. smnd coupon, comm porsonmily or tmlmphonm 25675S carn'cmSlnM 

THE BRITISH INSTITUTES 


We are officially recognised 
training centra for Cert 
A I I B , D Com (IMC)B 
DBM (IMC) Examination- 


Tools and Kits supplied for 
Radio Engg and Transistor 
Radio Engg Courses 


Our CAREER GUIDE Will help you select 
the right course ACT NOW 

rTHraiimSHTlISTITUTES 

I 56/B25 P O. Box 1026, 359, D N Road, Boinbay-400 023 
I Proaparius availdbla un requost 


I 56 B25. P O Box 1025, 359, D N Road, Bombay-400 023 



A NEW METHOD FOR NEW NEEDS 

B.I. LANGUAGES INSTITUTE 


ANNOUNCING A UNIQUE OFFER TO 
r language-LEARNERS-BBC ENGLISH COURSES 

II could be thai you have limited nme at youi disposal and faw 
nuporiunilies to attond c lasses W so, BBC Courses are designed 
(or ynur benefit A HBC Course takes you to different learning 
situations and thus cover vary much language learning ground 
Each course comprising i assettes and hooks.coniaina everything 
you need to'learn the English language, to speak fluently, to 
understand end to fed nerloctly at home with native speakers ^ 
English for all levels Beginners. Intermediate. . piyp 

Advanced end apacielixed courses for Exporters, V ■ mmC —l 

Doctors, Scientists & for those who seek jobs 
Abroad 

Also available German, Arabic. Spanish. 

Japanese, Russian Chinesn Greek, 

Italian etc and Hindi & Urdu (shortly) , 

Far dotsils wtsta today sand coupon or coma parsotuUy at ^a/ 2hb755 / fiSSS 

B I LANGUAGES INSTITUTE 

!)b F3 UrO Bask Bids Fieri rounlBiP 3S9 D N ''ovd Bomba> 400073 
Branches ISi'IAGuvi Place baai Calculia/OO 009 Tal 23B747 — 

l3,Darvisan| Behind rnpleymam Exchanga, Naw Delhi 110 002 Tal 274443 261^90 
9^10 Agyrr hand Ma^i^n 1^0 Mounr Hnad Il^ras600002 Tal 81861 8384.^_ 

ra iruSiouidis ihstitute 

{56 'F3,UCO Bank Bldg Flora Fountain, 359. 0. N Road Bombay 400 023 

j Please send me details for... .... 

I (Specify language) 




Make the mostef what 
nature has given you! 

To enhance and improve 
your natural personality 
and appearance, enrol with 

ICS for a course in 

Beauty Care & 

Personality 

UTiCSTHEFIONaRSIN 
POSYU EOUG/ITIOII. 

NURU YOUR YllERYS IR 

Photography Dress Making, Portrait 
Painting, Oil Painting, Fine Art, 

Commorcial Art, Cartooning Water 
Colour Painting. Interior Decoration 

Pattern Cutting & Designing Etiquette — * , \ 

li Entartaining Flower Arrangement ' 

Poultry Keeping, Gardening Free Lance Journalism Short Story Writing, 
T V Script Writing 
Other interesting courses in 

Business Meneaement, Hotel & Catering Mqt , Accuuntency Private 
Secretaryship Public Relations. French Gorman Industrial Metallurg 
Industrial Eloctiinan's Course Ice Cream Technology Radio, T V 
Electrical Applianruv, Machine Drawing, Design & Construction Texti 
Designing 

Writs today 'end taupon, Lomv ptrsonsi/} or teisphons 

INTERNATIONA! CORRESPONDENCE SCHOOLS 

56 'D25, UCu brink Pldg Hiitaimri Chowk P O Box 1931. QumL.iy 4Ub 073 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Se/D?*), UCO B.'Mk B>dy . Hutatma Chtiwk, P C) Box 10)1 Bombay 400 023 
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COMPUTER CALL 



■H^J OB ORIENTED DIPLOMA 
IlNHiLcOMPUTER COURSES 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


Advanced Computor Programming 

Cobol Programming _ 

Baalc Programming _ 

Fortran Programming _ 

Paacal Programming _ 

Data Baae Management _ 

Word Proeeaalng _ 

Conaole Operationa 
Data Entry Operatlona 


i 


We have 15 Computers in our laboratories, 
which are exciusiveiy used for practical training 
to our students. 


NeadOHIae 

B0PS7ITI 

10S, Mind Ralaalhen aide. 
Oedaaaheb Phaihe Moad 
DadarEaai 
•oanAv-dMaid. 

Tel No. 448422 
B.D.PS/ITI 

Krishna Cinema BuHdlng 
1 at Floor, ShlvaflChowfc 

KALVAN-4ai801 

BOPSATI 

Alankar Cinema Building 

Near RalKeay Station 

POONA-411001 

BD.PS/ITI 

Mathura 

WouvreyUne 

Shhrali Road 

NABB(-4aB01 

B.OFS/ITI 

Ohanwatay Ashram 

Malviya Road 

SNsbuldl 

NAOPUR-1S. 

B.DP8/lTi 

Or Bansod'c Compound 

let Floor, Meltekdi Road 

Near Central Bus Station 

AMRAVATI 

BDPS/ITI 

Oeeia Nlwss 

Rafurkar Building 

MaidanAad 

AHMBDNAQAR 

BDPS/ITI 

24/A. Woods Road 

Opp MadrasaAllam 

NMORAB • BOB 008 

rel No B1127B 

B 0 P 8 /'I TI 

No 7. Pattabirama Filial 

Street 

Tennur 

TIIICHI-B8B017 


We have Overseas Recruitment Division, 
registered by the Govt, of India. 

Successful candidates will be short listed for 
possible appointments in big organisations. 


JOflll BDPS BECAUSE BDPS IS THE BEST 




B.I) I* S - , 1 /; / 1,1, n.t % 

1 — BUREAU UP DATA 

PROCFSSITJG SYSTEMS 


ITI 

3rd Floor, Dwaraka Bldg 
Near Cine Lata 
MAROAON^OOA 
403001 

ITI 

Meiquiedos Building 
Behind Judicial Court 

VABCO-DA-OAMA-OOA 

ITI 

Shankar Building 
Below Poomima Lodge 
Ansa Bhatt 
MAPUBA'OOA. 
BDP.S/ITI 
Parvathi Mandiram 
Near Dairy Farm 
Paiiom 


BDPS/ITI 
First Floor 

246. Naicksr New Street 

MADURAI 

BDPS/ITI 

1st Floor, RS Building 

141. Rangel Oowder Street 

eOIMBATOflB-041001. 

BDPS/ITI 

01, Cherry Road 

Opp PWD Office 

Near Reserve Line 

Kumarasemypatty 

SALBM-0S00O7 

BOPS/ITI 

No 12. lot Floor 

South Car Street 

Ttrunelvelll Town 

TIRUN6LVBUJ'i27 000 

ITI 

No 1. APerunduralRoad 
Opp Sathya Moorthy 
Hospital 

New Ravi Thsatre 

BROOE-BIBOOB 

B D P.S ITI 

No 12. East Cross Road 

Qandhi Nagar 

VEUORE-0S200B 

(T. Nadu I 


BO.PS/ITI 
No 0. Victoria Road 
Near Head Post Office 
TUnCORIN. 

(T Nadu I 
BDPS ITI 
09. Gandhiyadigai St 
KUMBAKONAM - 018 001 
BDPS ITI 

167, Kamalehi Amman Koil 
St 

Opposite Kandan Theatre 
PONCNCNERRY-OOOOOI 
BDPS/ITI 
22,6th Cross Road 
Gandhi Nagar 
BANGALORE BOO 000 
Tel No 20414 
D P S /I TI 

26, Oth Main 3rd Block 
Jayahagar 

BANGALORE-BBO Oil 

B D P S 'I TI 

673. Narayana Saahn Rd 
Opp Mahadaawara Tample 
MYSORE-B70 004 


BOPS/ITI 

Above New Udyaya Cafe 
Near Soora) Circle 
Railway Station Road 
Robartaonpat 
KOLARGOLOnSLOB. 
BDPS ITI 
DInkar Building 
Vidya Nagar 
Main Road • 1 

HUBU-Boeooi 

BOPS.ITI 
Shivayan 

Opp Ling raj Collaga 

Collaga Road 

BELOAUMI80001 

BOPS ITI 

Bharat Building 

Room No 40.3rd Floor 

KS Rao Cross Road 

MANGALORE-STB 001 

BDPS.'ITI 

to, Brahmin Srraat 

Above Arvind Gan Agendas 

BELLARV-6831B1 

ITI. 

4th Floor, Vallho Bldg. 

Near Municipol Garden 
PANJBWO O A. 


TRIVANORUM • 000 004. 

Tal no 05661 
80.P8/ITI 
10/415E 

Moidaan Palll Road 

NaarCorp But Stand 

CAUCUT-B71001 

BDPS/ITI 

38G0, Cont^ Road 

Near Convent Junction 

Ernakulam 

COCHBU-BUBII. 

BDPS1TI 

3rd Floor 

338. Chandralok Building 
Offica Comptai, S D Road 
8BCUNOBRABAO • BOO 003. 
BOPS/ITI 
12-3-234. Sunnappa St 
2nd Floor 
TIRUPATI-f17B01 
BDPS/ITI. 

3rd Floor. Above Dana Bank 
Opp M S University 
BARODA-3BOOBI 
BOPS ITI 
C o St Xaviar'a Engliah 
High School 
Khaamahai. Tatanagar 
J A MSMBDRUR. 
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A 2B500-year old 
Seerol Ejlyptian Fonmdii 
that Unlocks the Mysteries 
of Wealth and Success... 


The Power Within 


A stcret tarmita wiwrittm imtil now 

Remember the ancient Egyptians and 
their fabulous wealth? Even today the 
tombs of the Pharoahs yield spectacular 
quantities of gold, silver, diamonds and 
other precious stones How did they . 
ever amass these incredible riches? <\ 
The answer is contained in this / 
startlingly powerful 200-page secret / . 
formula that AUTOMATICALLY GETS i ... 
YOU ANYTHING YOU WANT IN LIFE! 

Money, fame, success, happiness ^ 


love, power .they're all yours for the 
asking providing you know how i 
to work the formula. 

Gnarantaed te shake your world 

In infinite painstaking detail it tells 1^%’- 
you how to turn the key to release 

a flood of riches into your life .. K',% 
how to read, control and dominate 
other people's thoughts, 
actions and attitudes . 
hovv to gam the 
power down 
through the 
centuries to change 
and control your 
own destiny how to 
heal people through the^^^^^^H 
power of psychic energy 
and rid yourself of illnesses in an 

amazingly short time how to^^H 
understand the seven periodic 
movements of your 'life cycle' and take 
full advantage of them all these as vvell 
as many other closely guarded ancient 
secrets hitherto kept under a veil of 
silence and superstition can now be youi 


Gueranieed to work or you MV netUeg 

How IS It possible that nobody's ever heard 
of this incredible formula^ Don't worry 
lots of people have. Only they've kept silent 
about it for obvious reasons King Artaxerxes 
of Egypt used this formula to attain the 
, pinnacle of power. Much later. Napoleon 
• did the same 

\ Today. Rockefeller. Onassis. Jean Paul 
■. ] Getty. Howard Hughes-all tremendously 
ij successful people who started out very 
/ poor in life - they are just a few of the 
people who have used the power of 
(fns formula with staggering results 
NOW YOU CAN TOOl This is the . 
chance you've been waiting fori This 





Institute of Human Dynamics 
3/305. Nayjlvan Society. 

Laminoton Road. Bombay 400008 

gal my • toney back (le.c packing & postage) 

I will pay postman Rs 47/-(Including Rs 4/-lor packing 4 postage) 


Nam«>. 


Address - — — 

SaveRs 5 /-. Please tick 

D Chaoue/I P O for Rs. 42/- enclosed. ^ „ . -ct i n- 

O M.O lor Rs. 42/- sent (Same 7-day money back privilege.) b I -10 

Institute ol Human Dynamics is a division ol Business Dwelopment Associates. 
Chegues/I P.O.'s/M.O.'s should be in favour ol Business Development Associates. 
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to a Career In 
Banking 


Bank Recruitment tests arc consi¬ 
dered toughest among theobfecilvc 
competitive CMira. Examination 
blues and jitters are imx an 
uncommon spectade at Bank 
Recruitment exam hals^ 

In these Intense^ competlilve 
exams—anci particular^ Chose of 
Bank Probatlonaiy ORIcers'—vwhat 
ultimate^ leads you to success Is 
not only how weV you prepare 
before the exam.but also how well 
you gear up yoursetf to tNnk 
spontaneous^ while you are In the 
examination hall What a candidate, 
therefore, needs most Is the TOP 
or THL WORLD FEEUNG. before 
and dudr^ the exam In the 
CKambiallon haH 


NSB accomplishes exacts this 
critical cask A candidate, who 
studies thoroughly, our specialised 
Books and materials.—developed 
and perfected over the years—can 
akme marshal Ms mind and 
thoughts to accept the gauntlet 
and challei^e of Che P.O 
examiruiilans BesldeS,our unique 
and well-kru)wn achievement of 
having succeeded In bulldirg a 
parallel Question Bank, years of 
specialisation and research ana^s 
and on-goIng study of PO exams, 
their chai^iitg patterns—and Bmely 
revision of our Courses—Is what 
has enabled NSB to folhr unravel 
the mystery or Bank PO exams 
and plKc our s* odents—and 


resuliantly NSB—on the Top—as 
a coaching Institute of All-India 
repute aiefl unrivalled distinction. 

No wonder our students |oln 
Banks as Probationary Officers and 
Clerks, in their thousands 


o 


NATIONAL 
SCHOOL 
OF BANKING 


IndMn Mucacion Soclery Campus i 
...Me RoMl 


(Norm). 


(Babrahar Mafg). Off GolitWc 
Mar. Bombay 400 02a 
niOM-aoozoa Grm. BANKSCHOOL 


30IN NOW UNDER QUICK COURSE SCHEME AND PREPARE FOR SBI 
P.O. EXAM. 
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17 Founding fundamental 
research 

by Bernard Peters 
On the 75th birth anniversary of 
Dr Homi Bhabha, his pioneering 
efforts in fundamental research 
are recalled 



20 For whom the trees grieve 
by S.D. Vaidyfa 
To Bhabha, casuannas 
and rain trees were as important 
as cosmic ray showers 

26 A ‘‘Cosmic" man 
by B.V. Sreekantan 
How Bhabha formulated an 
elegant theory to explain the 
intnguing phenomenon of cosmic 
ray showers 

36 Malaria strikes back 
by Narinder Narang 
Despite the massive precautions 
taken against malaria, the disease 
15 rampantly present How are we 
to control it? 


40 Micrographics by looking at 
the big picture 

by R.W. Ja^akar 
The science of microfilming has 
proved to be a boon in the age 
of information explosion 

44 Plutonium—the synthetic fuel 

by P K. Bhattacharyya 
“Resources for Tomorrow”- 
This man-made chemical element, 
though unstable, is the atomic 
fuel of the future 

48 Controversy/The child who 
came in from the cold 
by Vithal C. Nadkarni 
Recent developments like 
freeze-thaw babies and 
embryo transfers portend 
upheavals in our society 

52 Reversal of roles 
by S. Arun-Kumar et al 
Continuing our series on 
Computerland: Data bases--a 
new concept in computer 
science extends its utility 



64 Close encounters of the 
fourth kind 

Science fiction by Arun Scjdhu 
Continuing the exciting serial 
70 Cooling by the sun 
by D.K. Dixit 

Continuing our series on solar 
energy: •Surpnsingly, it can be 
used for refrigeration and 
air-conditioning 

76 "Growing science"—from 
Bhabha’s writings 
by B M. Udgaonkar 
An insight into the mind of the 
multisplendoured genius that 
Bhabha was, is provided by 
his speeches and writings 


7 This World of Science 

Universal man by /? K Laxman/R G K 

9 Close Encounter 

The best of our students tend to eschew basic sciences and opt for applied sciences 

10 Feedback 

Physics and DarwiiV Speak up, Indian scientists 

11 Science Shapes Life 

Spiders in aid of doctors /New magnets from rare earth compounds 

16 Round-up of Research 

Blood pressure and nutnent intake bv PA Kale 

33 SdentMcaly Speaking 

Are you afraid of phobias? by 5 Kapaii 

34 Consulting Room 

Of psyche and soma by Raiendra Banje 

57 Women and Science 

The science of rangoli by Raialakshmi Bhupal 

59 Bhin and Bright Spots 

Old is gold? by P Shanker Rao 

60 Youth Fonim 

Yogi and the cosmonaut by Yun Gordcyeu 

aO TeBUs.. 

How bbod dots by VD ihgfekar 
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Driving a giant cement kiln? 

Or powenng a gigantic steel plant? 





r ! 


Rugged dust-proof motors for 
cement plants Motors delivering 
high starting torque for locomotives 
ond pnnting presses Compact 
motors with higher horse power for 
machine tools Double-fan-cooled 
motors for steel mills, motors to 
substitute imported ones 
Advani-Oerlikon offers a range of 
Citopower DC motors tailormade to 
suit virtually any application 
That's not all 

Citopower DC motors oie 
specially loted for use with 
fhynstonsed power supplies A 
motor so designed can handle 
olmost any kind of supply Job-rated 
designs b^m from 0 37 KW and 
extend right through to 400 KW 
Backed by a choice of base speeds, 
frame sizes, protection and cooling 
systems Take a look at some more 
reasons that make these motors 
mOtchless in performance 
S Use of special ormature slots and 
commutator segments tor 
improved commutation 


( For inquin«^ quote Key No AO-508 
ond write to P B No 1546, 

'Bornboy 400 001 
II V 

fc^iL -.- - 


Citopower 
be Motors 
ore built tough 
to take the rough. 




The power behind speed control 


■ Two-pole construction upto 132 
frame size for controllino npples 
in the thynstonsed supply 

■ Ooss 'P' insulation to withstand 
overheating 

■ Suitable for speed variation from 
0 05 1 upto 3000 RPM base 
speed 

■ Engineered to withstand rugged 
field conditions 

■ Conforming to IS 4722-1968 and 
BS 2613-1970 

Advani Oerlikon offers a 
complete system for variable speed 
control Consisting of a DC motor, a 
thynstonsed controller with efficiently 
regulated acceleration and 
deceleration, and a tochogenerotor 
for perfect adjustment of the 
feedback control circuit Thus 
assuring you of ail the diverse 
dements of u total system from one 
single source which only 
Advani-Oerlikon does 




ADVANI-aBRUKON 

LIMITED 

Bongalore fl Borodci fl Bhubanfi;war fj 
Bumboy □ Cdfutto U Cochin 11 Delhi □ 
Hyderabad f 1 Jamshedpur □ Luc know □ 
Madras □ Pune C Rui|jur □ Visokhapalnam 
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A “universal” man 


ij 

o 


OMI J Bhabha will be 
remembered among the more 
attractive personalities m the 
country’s recent history 
There was something in him, apart 
from his eminence in science, that 
drew people towards him When one 
speaks of magnetism one applies the 
term to certain objects or certain 
jK>^ical leaders But Bhabha was that 
Ca-p being, a scientist with personal 
magnetism 

He was an outstanding scientist, but 
he did not win the laurels that a few 
other Indian or Indian-born scientists 
have won The question will be asked: 
why did he not come to occupy a 
higher place than he did in the world of 
science especially when we consider 
that he was among the most gifted 
minds of his generations? 

One of his teachers, C V. Raman, 
who, among his other distinctions, had 
a waspish tongue, often described as 
'’carpetbaggers” those Indian scientists 
who sought opportunities and honours 
abroad Bhabha was not certainly one 
of them One could even claim that he 
sacrificed p>ersonal glory for his 
passion of piomoting science in his 
country 

Bhabha was a multi-faceted chara¬ 
cter, one who sought not only to 
unlock the mysteries of nature but one 
who adored nature in her various 
moods He brought to a degenerate 
India the sense of beauty and oneness 
with nature that once upon a time 
poets like Kalidasa possessed Bhabha 
loved beauty not of course in the crass 
sense in which many of us in an 
affluent urban society love it. Beauty 
to him was part of a way of life 
untinged by the vulgarities of today’s 
commercial life. He was a painter of 
some merit and like most physicists, 
he was fond of music he had even an 
ear for Carnatic music He* was, 
however, not a dilettante but one who 
shut out nothing from his life 

His life’s work was building the two 
great institutions, the riFR and the 
Atomic Energy Establisnment which 
later came to be called after him Had 
he confin'ed himself to the laboratory 
he might have done work of sufficient 
importance to win him the Nobel 
Pri?c But he won something greater 
for his country, a place on the world 
map of nuclear science and atomic 
power. The tallest men and women in 
India’s public life felt drawn to him, 



among them Jawaharlal Nehru hie 
was what few scientists arc, an inspirer 
of men. 

Bhabha’s death in an air-crash over 
the Alps in 1966 brought to an end a 
colourful career - it was like a candle 
that illumined a whole area being 
extinguished in a storm However 
tragic his death, there was beauty in 
being lost in the snows and in minting 


with nature “In art,” said Bertrand 
Russell, “nothing worth doing can be 
done without genius, in science even a 
very moderate capacity can contribute 
to a supreme achievement.” Homi J 
Bhabha was both an artist and a 
saentist Would it be excessive praise 
to call him a universal man^ 

R.G.K. 
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SMNDARO DEMNBUUSER 

■ • Thousands of units in operation 
all over India 

• Capacity - 40 litres per hour 
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• Low running cost and copital cost 
• Long life with ngid IVC 

• Package unit - Complete with 
filtration, two bed ond mixed bed 
demineralisation for ensunng 
guaranteed purity Occupies 
small space 

Monufociured by 
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I NDIA todda'boasts of the 
third livwBat pool of adentific 
and technical manpower in** 
the world. TMa podfion has 
been larsslp achieuad in SOKxld 
years since independen c e. The 
pre-indqMndence era was 
marksd by dants Bte Raman, 
Bose, Mahalanobis, Saha and 
^here. However, their's were by 
hrge individuol efforts, 
•vcianee in an organised fashion 
as is known today had not taken 
root then. 

In no small measore this happy 
state of affairs is due to Homi 
Jehangk Bhabha. He was 
responsible for the estabfishment 
of the atomic energy programme 
and its offshoots which today 
constitute several independent 
departments. 

If Bhabha had not met with that 
tragic aircrash on Mont Bbnc in 
January 1966, and lived on, he 
would have been 75, come 30th 
October this year. And would he 
have been satisfied with the way 
scierKe and technology have 
progressed and contributed to 
the nation’s development? 

Notwithstanding some of the 
doubting Thomases and carping 
Cassandras, we will only be 
deluding ourselves by not 
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admittins the inr y iweinents in 
our eoononq^ in the tost SO yean 
mahly due to contributions from 
science and technolosy. 

Agricultural output has risen 
almost five*fc)ld and the gross 
industrial product has ato 
registered a rise roughhf of the 
same order From a country 
depicted as one with the begtf ng 
bowl in its perennially 
outstretched arm we have now 

Although Bhabha is 
best known for the 
introduction of 
nuclear power in the 
country, he never lost 
sight of the importance 
of fundamental 
research 


turned into potential exporters of 
food grains. Even our kidustrial 
export has crossed traditional 
barriers and broken new grounds 
of finished goods in heavy 
engineering products. Thus we 
can comfort ourselves with the 
thou^t that our technological 
ship is sailing merrily in 
untroubled waters. 

However, storm clouds are 
gathering on the horison. We can 


fanora them on^ at our peril. The 
OMt and the bri^est of our young 
students tend to eschew 
fundamental seisnee and queue 
up for eppied edences or 
tachnobgy. Bhdbha would have 
been extremely uRxrriad about 
this. AMioudt he is best known 
for the introduction of nuclear 
power in ffie country, he never 
lost sight of the importance of 
fundamental research. That, he 
believed, was the fountain-head to 
nourish self-reliance in 
techiwlogy. 

It is gratifaing to note that some 
of the leading scientists today are 
feekng concmrwd about the lack 
of motivation among the younger 
students to take up fuKlamentai 
research. Two symposia held 
recently in Bombay, by the Indian 
Institute of Technology and the 
Marathi Vidnyan Parishad, 
addressed themselves to this 
grave problem. A sincere effort to 
set right the balance and to 
rededicate Ourselves to the 
pursuit of pure sciences, we feel, 
would be the most fitting homage 
that can be paid to the memory 
of Bhabha. 


EDITOR 
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LIFE OBEYS 
THERMODYNAMICS 


1 read with interest the article “Physics 
and Darwin’s theory*' by Dr Murlidhar 
Tiwari (July 1984) but was unable to grasp 
the central idea of the write-up If the 
author feels that Darwin’s theory has to be 
discarded in faurxir of the existeiKe of a 
creator or a designer on the strength of the 
laws of physics, then I think he rs mistaken 
He has .suggested that living beings 
disobey the laws of thermodynamics, but 
this IS simply not correct 

It IS true that the processes of joining 
smaller molecules into large polymeric 
ones involve an increase in free energy and 
cannot, therefore, take place spontaneously 
in living cells This led some fieople to 
believe that organisms possess a unique 
property of working against thermo 
dynamics and this property was considered 
as the secret of life 

It is, however, now realised that 
biosynthetic processes do not at all violate 
the laws of thermodynamics The mecha 
nism of these reactions is now well 
understiXKi The formation of a simple 
dipeptide from two amino acids involves a 
free energy change* of 1 lo 4 K Cal/mole 
The positive A G values apparently tell 
us that the polypeptide chain cannot form 
from free ammo acids But these ‘synthetic’ 
reactions never take place in isolation 
They are alu^ys coupled with the break 
down of high energy bonds of certain 
biomolecules so that the net free energy 
c. hange is always negative ATP (adenosine 
triphosphate) is suc h a molecule When a 
terminal phosphate group is brcjken off by 
reaction with water a large amount of free 
energy is released 

In conclusion, 1 would like to say that if 
there are any arguments against Darwinism, 
thermrxiynamics is not one of them* 

RM SATHE 

Analvtif-ttl Diiumom 

I'JAfK' 

Bnmbiiv 

‘Living matter is )ust the interplay of 
atoms, natural fr)rces and radiation’ This 
statement is as true as the one which says 
thcif a water molecule is formed from two 
atoms of hydrogen and an atom of oxygen 
Dr Tiwan’s idea that living beings are 
designs contrived by a “Creator" leaning 
on thermodynamics for support does not 
seem to stand well The living system is in 
no way a closed and an ideal system to 
which physicists and chemists can 
apply their laws Every moment the energy 
content of vanous molecules involved 
unefergoes change Whether we breathe or 
sigh, the change is there 


Unlike any crystal, the living system is 
heterogeneous-in content and open We 
will have to question ourselves of reason¬ 
ability before deducing from the results 
obtained on application of physical and 
chemical laws on such a system It is an 
accepted fact (as all theories are accepted 
assumptions) that living systems cannot 
be considered separately at any level, be it 
a molecule like hemoglobin, an organ like 
the eye or an organism itself responding to 
Its surroundings Thus it is easy to see the 
interplay of energy between the living 
system and its surroundings as a necessary 
condition The development and birth of 
an organism from a fertilised egg into a well 
organised form is a process of continuous 
change This process of differentiation is 
due to the interaction of the cell with its 
changing environment Even the like kind 
of cells are exchanging matter and energy 
among themselves 

Evolution and the origin of life can be 
explained in similar terms Probably there 
would have been no cell if DNA, protein, 
ammo acids and RNA after their formation 
had not interacted cons ago With then 
interai tions they developed a more stat>)e 
type of co-existence than their previous 
freeforms Thus life and probably the code 
of inheritance evolved 

Life, Its origin and evolution is a 
continuous process, and tex) complex to 
understand with even the present state of 
knowledge However, we can say with 
confidence that life processes are 
continually in search of a more stable state 
at all levels of organisation No doubt this 
complexity IS perplexing to us since the 
methoJ^i of inquiry art* simpler than what 
the situation demands With more evidence 
from fields other than biology, we can hope 
to understand life ac a physico-chemical 
process rather than hastily m < ord lo it a 
special merit on this planet 

ASK VS SHARMA 

Axilixi^ DfiU 
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ANNOUNCEMENTS 

A two day symposium on "Use of 
Monoclonals in Biomedicine" will be 
orc^nised at the Cancer Research Institute, 
Bombav 400 012 on 16ih-17fh November, 
1984 

Besides the invited speakers, a few 
observers would be admitted to the 
Symposium 


Speak up, 
Indian scientists 

1 read great interest the article 
'Scientists: Rrisoners of Conscience' 
by WiKred D’Costa (July. 1984). It is 
heartening to note that there exists a 
big group of active top scientists who 
are committed to the cause of fighting 
out injustices meted out to some 
scientists by the establishment. 

1 am sure that any rational person 
would outrightly condemn the USSR 
for her beastly behavbur, in spite of 
her claims of promoting Marxism and 
the encouragement of science and 
technology. 

Unfortunately the state of the 
scientists is very miserable in our 
country too. No group of active 
scientists will dare to come out in 
the open to support such injustice Of 
special note is the recent case of Prof. 
Dhirendra Sharma of the Jawaharlal 
Nehru University, New Delhi, who 
has been subjected to indirect 
har assment by the establishment for 
his criticism of the Department of 
Atomic Energy, its twines and 
management Why have no scientists 
taken up this issue? Neither has your 
esteemed journal reported on this 
case (although you seem to agree 
about the dire need of such a 
campaign as is explicit from your 
publication of the article of Wilfred 
D’Costa). 

SUHAS B NAIKSATAM 

C 4/.1 Muneifjal Bkjg 
^rdbriKMur Mb 4. 

Smn ft), Bomhav -WO 037 


A registration fee of Rs 150 will be 
charged for observers 

For details, contact Research Diicclor, 
Cancer Research Institute, Parcl, Bomoay 
400 012 

A National Symposium on Vacuum Tech¬ 
nology and Sealed-off Devices will be 
organisecFon 19 to 21 December. 1984 at 
the Bhabha Atomic Research Centre, 
Bombay Those interested may please 
contact the undersigned 

DEVAKI RAMANATHAN 

('.onvi-ivr 

I VS NbIknuI Sympu4ium '8<l. 

C 'o Tci hniral Riysii s & 

Prulotype Engg Divn . 

RARC Bombay 400 085 
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Spiders in aid of 
doctors and farmers 

S piders can have their uses too' 
Research at Liverpool University, 
UK, on venom of a South American 
spider could lead to the production of 
drugs which can be used for the control 
of the human nervous system and even 
safer insecticides 

.a Dr Robert Johnson of the organic 
Ahemistry department has already 
Succeeded in isolating a pure toxin from 
this venom Plans are afoot to identify 
the molecular structure of this toxin 
and to synthesise it in the laboratory 
The synthetic, purified component can 
then be used to test its biological effects 
on the nervous systems, of both 
mammals and insects 
The enhanced interest in spider 
venom is mostly because of its very 
unusual properties The venom can kill, 
as well as immobilise the prey over long 
periods, ranging from a few hours to a 
couple of weeks, at the same time ^he 
normal metabolism of the prev t<inti- 
nues undisturbed This state of paralysis 
cannot be achieved in living systems 
over such extended periods without the 
system failing rjr completely degenerat 
ing "If a drug could be developed from 
the venom toxins, it might be possible 
to immobilise surgical patients more 
simply and for longer periods than at 
present", says Dr Johnson 
Another possible use of the toxin will 
l>c in the development of new types of 
insecticides whxh would imitate the 
action of the spider venom and thus 
incapacitate the insects preying on 
crops 

New magnets from rare 
earth compounds 

A new lare earth magnetic 
compound has been discovered by 
independent research groups in USA 
and Japan In a recent meeting of the 
American Physical Society (APS) at 
Detroit. USA, ttie scientists discussed 
the structure of the new compound and 
theories explaining its enique magnetic 
properties 

In 1978, the need for a new magnetic 
material was felt when the price of 
cobalt, the most widely used ingredient 
in permanent magnets, soared This 
was due to political instabilities in the 
south African countries where cobalt is 
produced 


In 1983, the scientists discovered the 
new magnetic material, neodymium 
Magnets made from this new 
material will soon be put to diverse 
uses, ranging from stereo speakers, 
computer disc dnves and printers to 
telecommunications General Motors, 
the largest consumer of permanent 
magnets in the world, plans to fabricate 
its own brand of the rare earth 
compound to replace the battery* 
driven electromagnets currently used 
in motors 

Two properties are considered of 
paramount importance when construct- 

1 CUSTOMS 


ing a new magnet* coercivity and 
energy product The coercivity is a 
measurement of how difficult it is to 
demagnetise a material with an external 
magnetic field The coercivity multiplied 
by the maximum intrinsic magnetic field 
of the material gives the energy 
product -a property that is used most 
often as the yardstick for comparing 
matenals in the magnetic race. The 
higher the energy product, the smaller 
the magnet required for a given 
application 

Researchers agree that the compound 
with the highest energy product contains 
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‘^Confiscating my video'-* For heaven’s nake^ When / luenf that side thev 
confiscated mv mangoes ” 

Shiga bacillus: from West Bengal to Bristol 


H ere we produce a lettei from a 
recent issue of Lancet hy Dr S D 
Williams and R C Groggins from the 
Children's Department, Southmead 
'Hospital, Bnstol, about the rapid inter¬ 
continental spread of Shigella dvsen 
feriae type 1. 

"The seven-year-old son of a healthy 
Bangladeshi restauranteur was admit teci 
to hospital on 20 June, 1964 with a two- 
day history of colicky abdominal pain, 
fever, and profuse diarrhoea with blood 
and mucus in the stool He had never 
lx»en abroad (outside UK), but the 
family were being visited by two cousin*^ 
from Sylhet in northern Bangladesh, 
adjacent to West Bengal They were 
Ixith well, with no gastrointestinal 
symptoms The patient's stool was 
cultured and grew Sh d^sentenae type 1, 
sensitive to nalidixic and, gentamicin 
and ampicillin but resistant to tetracy¬ 
cline. co-trimoxa/ole, and chloram¬ 


phenicol The diarrhoea gradually setti 
ed with nalidixic acid 

rhe immediate family, including the 
two relatives from Bangladesh were 
screened for Shigella infection No 
positive stool culture was obtained On 
questioning it was discovered that the 
cousins had imported cheese, mangoes, 
and fresh vegetables for consumption 
by the family None of these items were 
available for examination but we believe 
contaminated fex^d to be the probable 
source of infection Routine public 
health measures to avoid spread via 
the local tandoori restaurant were 
instituted and no fuither cases 
appeared " 

This case yet again illustrates the 
speed with which rare infections, even 
from remote areas, may spread assisted 
by modern air travel This is specially 
likely to occur in those cases with close 
family ties in epidemic areas. 
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a rare earth (R), iron (Fe) and boron (B) 
in the phase R 2 Fe mB While many rare 
earths can form this phase, only 
neodymmnri and praseodymium have 
been shown to result in high energy 
products 

The world’s 
coldest insect 

J APANESE entomoiogisis have dis 
covered a new species of cold<tole 
rant midge m a high altitude glacier m 
the Nepal Himalayas Reporting the 
discovery in Norure^ Shiro Kohshima 
says the adult insect (Chiromidac, 
Diamesa Meigan sp) has reduced 
wings and antennae, it is unable to fly 
and IS generally found walking on the 
surface of the glacier and in small 
cavities beneath it Almost all adults 
found on the surface of the glacier were 
females which appeared to be able to 
orient themselves by means of a Sun 
compass They walked in straight lines 
the direction of which could be altered 
by changing the apparent position of 
the Sun with a hand mirror. All copula¬ 
ting pairs and adult males wuere found on 
the ablation surface beneath the snow 
surface; indeed, the males seem to spend 
their entire lives there The insect is thus 
the first t6 be found which spends its entire 
life cycle in the coldest insect habitat 
ever recorded (it was active at 
temperatures as low as-l&'C. well 
below those at which activity was seen 
in insects living in other old habitats 
including Antarctic ones) The study 
also discovered a previously un&usT>^( t- 
ed ecosystem based on algae and 
bacteria growing m ice* the larvae of this 
unique chironumid lived in the melt 
water drainage systems* along the 
ablation surfaces and fed on blue-green 
algae of Phormidium sp These insects 
also displayed exceptionally long life 
spans (one month) by chironomid 
standards Most chirononiids have very 
short adult treriod and they tide iwer 
the winter in the lai val stage However, 
this HiPidlayan spec les sf*ems to spend 
the wiiitei in the adult state (without 
feeding) and deposits its eggs in the 
melt water chaiinels in the next spring 
The obvious advantage thus gained is 
that the Urv^ic ar e assui ed of food in the 
melt-water channels which cannot be 
predkted in the previous winter, 
i.illv in a t hangeable system like 
glaciers 


Worth thp salt? 

RE voi' diGi-cohsf lous? If you are. 
then do you ever keep a record of 
how mui li vi!i veil« onsume in a single 
day'^ The iK-'o'.iqy of our luidv 
tequires .1 :(r:n>n uninunt ot salt or 
sodium t hSiiridi' In order torcpiat e the 
amount ot whn h is lost in urine 

and sweat s I'l is e.^sential Our 

body requecs f'Sniit half agramof salt 
Howevei (o*\\ individual consumes 
about SIX to ?\ gin ev^^ry day 

It has U .■«! s jspecled that salt raises 
the blood no ^ -me leading to t.erebral 
strokes 01 li^ vi* itf k ks Hyrrertensive 
patients heive high salt concentrations in 
their IxkIu s lois may he a consequ 
ent.e and not rh -1 aust* as hypertension 
can be inhere ed \ 01 people who have a 
tendeniv, t<. snlient hvperli’nsion, two 
iheuiies io how sodium inteiferes 
with blo(.'i f/f' siui liai.€ he«;n put 
forward 

The fust 'hroiy is based on the 
inability ot getting nd of extra salt To 
comppns.i*»', I'ldrievs If.uv ni'»re water 
in the hlo'pj ‘bus increasing the bloc'd 
vcilunu v'h'-' ihchl(Kidpiossute 

The s.'fM'ui »hvoi\' describes an 
unknown m 1 sf in-'»\ a -*odiiim regiila 
tor which tiK - n < ompensafe for the 
highintak nf M^dmin from the diet Tlie 
substarue j. 1 1 on Ujdy tissues and 
birxjd vessr'i walk, acrumulating 
sodium. A high sodium concentration 
draws cak'ium. causing calcification 
which coniuvts the muscles As the 
blood vessel walls contract, the blood 
pressure rmes This rise in blood 


pressure can be overcome by gn/mg 
these hypertensive patients low salt 
diets according to Graham MacGregor 
of Charing Cross Hospital, London. 
However, there were others who found 
that this was not true Alsu. Dbvid 
McCarron of Oregon Health Sciences 
Univcrsitv^ suggested that sodium has 
nothing to do with high blood pressure. 
Instead, if is the lack of calcium and 
potassium which causes the rise in 
the blood pressure. 

In the light of these reports, it is still 
not clear whether it is safer to eat less 
salt Animal experiments have revealed 
that sodium restriction damages kid 
neys, stunts growth and increases the 
susceptibility to the effects of haemor 
rhage Recently in Britain, llu* Faculty 
of Community Medicine, Royal College 
of General Physicians, is considering 
whether to release a rerK)rt which 
supports a campaign to reduce salt 
consumption 

Why women athletes are 
supple and skinny 

D id you wonder why highly trained 
women athletes have a supple 
and skinny body frame? Well, scientists 
have come up with an answer to the 
riddle. Decreased bone mass, that’s 
what it is But what is the reason for this 
reduction? 

Quite a few of these athletes are 
known to have significantly reduced 
levels of menstruation. Twenty-five fo 
40 per cent report fewer than three 
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menses per year. This secondary 
amenorrhea leads to low le\/els of the 
female sex hormone--estrogen 

Recently, EUrbara Drinkwater with 
her colleagues in the UK compared 
these amenorrhic athletes with 
eumenorrhic (normal menstrual cycles) 
women athletes and matched them for 
age* height, weight, sport and training 
, regimens. The dietary history of these 
two groups of athletes showed no 
differeiKes in nutritional intake. Both 
had the same percentage of body fat and 
yet the first group showed distinctly 
reduced bone mass This was measured 
by looking at the bones in the spine 
(lumbar vertebrae) as well as the sites of 
the arm bone (radius). This reduction, 
according to their finding, is due to the 
low levels of estrogen. 

That still 'leaves one question 
unanswered though What prevents 
the super women athletes from/lussia 
and the eastern bloc countries from 
acquiring that lean, hungry look? 

Unsafe buildiags—here, 
there, everywhere 

W E' have highlighted the poor 
quality of building matenals (see 
SCIENCE TODAY. June 1984) used 
for putting up structures in India This, 
however, is,not fimited to our country 
ahme ^ ' seems to be a gibbal 
ph^rtomenon. The Rorw Pdint tower 


in London has been nc«hi>cci ntructutally 
unsafe after it failed a fire test recently 
Its floor slabs whic'li shi/uKl have lasted 
for 20 minutes deflected and cracked 
within 12 minutes the duration fur 
which the blaze lasted. 

The southeast toiner of Ronan 
Point had collapsed after ai explosion 
in 1968 Foul pec>f>toweiMkflied and 17 
injured in the int ident Repair work was 
completed iminedialeiv ai id the building 
was declared safe However, m April 
this year, gaps of five* to bOmm were 
discovered between eiadder>ing panels 
The fire test fuiih<.n revealed the 
vulnerability of the hmldiruj 




'This Teflon coating is good' That\ 
ivhv / fonV sfirA 'em RuBtiians, ! tan't 
stick 'em disarmament, ft an*i stick em 
ani^hody fooling around in Crenada 

Teflon presidency? 

M any things are said and will be 
said about Ronald Reagan, the 
President of the United States of 
America But the latest quote coined 
for Reagan’s presidency term is '‘the 
Teflon presidency" by Congre.sswoman 
Pat Schroeder in the Dai/y Mail This is 
because of his capacity to survive bad . 
news without ar^ything sticking 
Du Pont, the makers of Teflon, has 
jokingly warned that ‘this is a trademark- 
misuse and the term "the Teflon 
Fiourcx'arbon Resin presidency" should 
he used instead 


Forgotten man of science 

P ROFESSOR Sndhar Sarvottam 
Joshi, one of the well-known 
chemists of our country, after whose 
name a scientifii Htei t has been 
named, died recently 

Piofes.sor Joshi wa^ horn on 16th 
October, 1898 and wd<- educated at 
Banaras obtaining his Mi Sc degree 
and subsequently at Ltmdon where he 
obtained the D.Sc in chemistry He 
was the Univeisity FVufessor and the 
Head of the Depart nw*nt of Chemistry 
and the Pniuipal of the College of 
Science of the Banaras Hindu Univer¬ 
sity. Professor Joshi was fellow of the 
Royal Institute of Chemistry, of the 
National Institute and of the Association 
of Science. India He was President of 
the Chemistry Section of the Indian 
Science Congress in *1943 
Professor Joshi hah made significant 
original contributions in colloids, electro¬ 
chemistry and discovered a new effect 
of which was known as “Joshi 
Effect** In simple tgrms, Joshi 
Effect, which he politely called only a 
light ^ect, is a fall or rise in the low- 


frequency alternating current passing 
through a gas dielectric condensor 
when the gas is irradiated and continu- 
ously with visible ftght. The fall and the nse 
in the current are known as a negative 
and positive effect respectively For this 
interesting experiment, he and his co- 
workers used annular type Siemen's 
ozontzers with the inside wall coated 
This phenomenon yields a corona or 
‘silent' discharge to be distinguished 
from the ‘dark' discharge obtained 
between disc-ike metallic electrodes and 
15 detinctly different from negative 
photoelectnc effect The method based 
on this effect was used for the activation 
of gases like nitrogen Based on these 
results. Professor Joshi published over 
ISO papers in national and intei national 
journals which were acclaimed all over 
the world 

Professor Joshi was married to Miss 
Sontara Chiplonkar and had a son and 
a daughter Cricket was his recreation 

In the sad demise of Professor Joshi 
the Indian scientific community has lost 
a pioneer amongst the scientists who 
light as a source for experimentation 

M.A. Nabar 
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There’s much more to 
■n. oscilloscopes than 
Just good looks. 

Time has proved that th^ 
are, inside out, the finest in the 
countiy, because of superb 
mtemal layout, rugged 
construction and the latest 
eleotronic design. Thanks to 

Japanese connection. 

Which explains why some of 
the veiy reputed names ui 
Industiy use them. Names like 
DCM, ¥nPRO, HCL, ICIM, CMC, 
Civil Aviation, BHEL, ISRO, 
HAL, Doordarshan, POT . the 
list goes on. And the range of 
applications is widening 
Computers, Defence, 

Consumer Electromcs .. 

I«0k at the benefits 

Test selected CRTs and a 
specially built-in circuit 
guarantee focus, irrespective 
of brightness control While 


The inside story 
of the finest 
oscilloscopes 
in the country 



a specially-designed probe 
permits m-drcult testing. 
Hlgh-rel components, top 
grade tropicalised PCBs and 
automatic wave soldering all 
contribute to enlianced 
reliability. 


Moreover, use of non- 
proprletoiy components and 
comprehensive technical 
documentation enable easy 
maintenance and sei^dclng. 

For the Service Engineer, a 
compact and elegant canying » 
case is provided for portable 
field applications. 

Look a* the range 

□ 100 MHz - DT0 31002 

□ 50 MHz - DTO 31500 
U 35 MHz - DTO 31351 

□ 35 MHz - DTO 31354 

And so on. . 

And they’re fi'om mpl-midia 
whose activities cover six 
product areas: Computers; 
Communication Systems; 
Components, Instrumentation w 
(Industrial, Medical, 
Measurement); Office 
Automation; and 
Consumer Electromcs. 


BPL OSCILLOSCOPES 
International g:iiallty 
at affordalile prices 

BRLr IMDIA 

Central Marketing Organisation 
■n. Centre 32, Church Street 

BANGALORE t)60 001 Phones 52321/2/6, 55217 SAA/BHL- 837 fl 
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rfyrthei Details Con^ 


Digital Pressure Measurement 
System with Pressure 
Transducers b Transmitters 

DIGITAL READOUTS AND INDICATORS 
for remote digital display of pressure from 
Setra pressure/vacuum transducers 
ELECTRONIC MANOMETERS 
Completely self-contained systems 
NEW DIGITAL PRESSURE GAUGE 
Portable and panel mounting 


^ SINGLE PAN BALANCE. 

Range; 0-1 SOOgms. A 
Resolution': upto 0 0001 gm. ft 
optional data output available 1/ 

TYPICAL APPLICATION 11 
COUNTING HIGH ACCURACY \l 




ELECTRONIC ENTERPRISES 

216, Regal Industrial Estate, Acharya Donde Marg, 

Sewree, Bombay-400 015. 

Cable : TRONIX Bombay 15 Telex : 11|71071-ELEN-IN 




^A8f63/lIlSl 




UNIQUE LOW COST 

PROCESSING DIGITAL 
OSCILLOSCOPE WITH SPEED, 
PRECISION, POWER & 
MOBILITY. 



^ 1 or 2 Channels ^ 

* 20 MHz at 8 bits or 100 KHz at 12 bits 

* 4k/16k Data words/channel 

^ 1 Hz to 20 MHz selectable sample rates 
9" CRT Raster Scanned 

* 512 X 216 Fixed resolution 

* 'PROMPTING' for easy operation 
•k ROI Expansion 

* Two Cursors 

* Computation 

* Peripherals : Floppy Disk. Printer /Plotter, 
X, Y i^ecorder, Rs 232 C Interface IEEE 
Data & Remote Control interface 

—- For further details please contact: - - 

ELECrrantC EDTEWntSES 

216, RbqbI Industrial Estate Acharya Donde Marg. 

Sewree. Bombay 400015 
Cable TRONIX Bombay 400015 

Telex 1171071 .ELEN.IN j 


MAS/84/6044 
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BLOOD PRESSURE 
AND NUTRIENT 
INTAKE 





H igh blood pressure has assumed 
almost epidemic proportions in all 
'civflised' communities of the world and 
India is fast joining the ranks, especially as 
far as the urban population is concerned. 
Roughly one in every 10 persons is found 
to have hypertension This subject has, 
therefore, become a topic of intense 
research 

It IS a well-known fact that diet plays a 
I ole in control of hypertension The relation¬ 
ship between salt-intake and hypertension 
IS now well established by epidemiological 
studies However, a planned study of the 
relationship of various dietary components 
(nutrients) and hypertension is not well 
studied 

Now David Me Carton and hisassociates 
from the Oregon Health Sciences Univer¬ 
sity, Portland. USA, have published a 
provocative study in a recent issue of 
Science (224 1392) regarding the relation¬ 
ship levels of vanous nutrients in diet to the 
incidence of hypertension They analysed 
data collected ^ the National Centre for 
Health Statistics from healthy subjects in a 
statistic 2 dly adequate and scientifically 
designed and representative sample of 
noninstitutionalised American population 
(10,372 individuals) above the age of 18 
years 

Proportions of various nutrients in their 
diets were determined from known 
concentrations of these nutrients in 
normally consumed ai tides of food The 


Deficiencies, and not excesses of a nutrient item 
cause hypertension in individuals 


i^nous nutrients studied were calories, 
proteins, fats, carbohydrates, phosphorus, 
sodium, potassium, vitamins A and C, 
saturated fat and cholesterol. Three 
different definitions of hypertension were 
utilised and data were submitted to 
statistic^ analysis by vanous methods to 
eliminate the possibility of a chance 
correlation 

It was found that hypertensive persons 
had a significantly decreased intake of 
calcium, potassium, vitamins A and C as 
compared to the control (normotenss/e) 
group The relationship of calcium-intake 
was found to show strongest negative 
correlation Regarding the relationship of 
vitamins A and C, it was felt by the 
researchers that this could be a 
coincidental finding as these vitamins 
occurred in natural combination in foods 
with higher concentrations of calcium and 
potassium respectively 

These findings, however, suffer from a 
few drawbacks The diet survey is based 
on histones of diet-intake for one 24-hour 
period Though admittedly it is difficult to 
have a more reliable method of survey, it is 
more than likely that there is a great 
vanation in food-intake of same persons 
during different periods of a year and 
over the period of years as he or she grows 
up it IS also interesting to note that a 
similar negative but statistically insignificant 
correlation between hypertension and 
intake of fats, saturated fats, carbohydrates 
and calories is also shown 

Summarising, the present survey sug¬ 
gested the following- 

(1) There are predictable nutritional 
differences between individuals with high 
blood pressure and those with low blood 
pressure, (2) It is the deficiencies and not 
the excesses of a particular nutrient that 
characterise the hypertensive individual, 
(3) Reduced consumption of calcium and 
potassium is the pnmary nutritional 
marker of hypertension, with accompany¬ 


ing reductions in vitamin. A and vitamin C, 
(4) Dairy products are the food group for 
which reduced consumption is most 
closely related to high bb^ pressure; (5) 
These observations are largely inde¬ 
pendent of age, sex, body mass index, and 
alcohol consumption, arid (6) Diets low in 
sodium are associated with higher blood 
pressures, while high-sodium diets are 
associated with the lowest blood pressures 

However, a word of caution. Clinical use 
of sodium or cholesterol-restricted diets 
for patients with high blood pressure or 
cardiovascular disease must be monitored 
closely to avoid inadvertent and simul¬ 
taneous reduction in calcium and potas¬ 
sium intakes below current recommended 
daily allowances. These data then raise the 
important question of sodium restriction 
as a routine in several hypertensives Here, 
the identified *'salt-sensitive” patients and 
patients with compromised cardiac or 
renal functions are the obvious exceptions 

The results obviously point to a new 
direction in our attempt to reduce or 
prevent the occurrence of hypertension in 
general populatK>n, rather than treating it 
after it has already set in A prospective 
study of the inciderKe of hypertension in a 
population sample put on a diet containing 
higher concentrations of calcium and 
potassium, as compared to that in suitable 
controls, is also worthwhile to hirthcr 
clarify the significance of the above 
conclusions 

In India the dietary habits are much 
more diverse than in western society 
and hence the above findings cannot be 
extrapolated to our surroundings. No 
documented study of a similar type has 
been conducted here. 

P.A. Kale 

Dr Kale is Honorary Professor of Medane at 
the Seth CS Meekcal College and KEM 
Hospital, Bombay 
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ounding Fundamental Research 




OMI Bhabha was a man with 


a versatile personality with 


many facets. He drew 


inspiration from his favourite 
guide Leonardo da Vinci and like him, 
he tried to develop all his many talents 
simultaneously to the fullest possible 
limit He became known beyond 
Mriia's borders as a mathematical 
^ysicist, creator of the Indian Atomic 
Energy Programme, initiator of a 


modern electronic industry m India. 


one of the mam architect of the Inter 


national Atomic Energy Agency, the 


president of the first United Nations 


Conference on Nuclear Energy for 


Peaceful Purposes etc However, less 


well known outside India, were his 


other activities which took up much of 


his time and attention He was a 


Maecenas of Indian painting and a 


F>ainter in his own right, a designer of 








Bernard Peters 
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With Professors Einstein, Yukawa and Wheeler at Princeton in 1947 


buildings and gardens, a successful 
and innovative administrator who 
adopted existing government prac¬ 
tices to the requirements of large 
modern research facilities, the archi¬ 
tect of the Indian government's 
science policy with its strong tradition 
of support for fundamental research 
and much more 

There was yet more to Homi 
Bhabha’s personality One could have 
informative and substantial discussions 
with him on such diverse topics as 
philosophy, medical research, popula¬ 
tion policy, music, or contemporary 
and classical art However, the facet 
which I know best is. Dr Bhabha, the 
founder and first director of the Tata 
Institute of Fundamental Research 
(TIFR) 

I joined him at the Institute when it 
still was a small, poorly equipped 
skeleton organisation, engaged in a 
narrow area of research and housed 
inadequately in unsuitable premises I 
have seen the institute grow in 
Bhabha’s lifetime, into a large, well 
housed, well equipped and well staffed 
organisation, that even scientifically 
advanced countries would be proud 
ot. 

How did Bhabha succeed in creating 
in India, a scientific institute which 
acquired renown within a few years 
after its start, which survived its 
founder and retained its vitality for 
decades after his premature death?' 
There are of course numerous reasons 
for this success, all of them necessary, 
none of them sufficient Out of these, 
the reason which I consider the most 
important one is the choice of the 
initial field of concentration of research- 
and the methods used for adapting 
and broadening the research pro¬ 


gramme in the light of advances in 
science and the growning compe¬ 
tence and technical abilities of 
the institute’s staff. But before dis¬ 
cussing this in detail, it is essential to 
mention a number of innovative poli¬ 
cies, which Bhabha introduced, that 
contributed much to his success. 

There was to be no discrimination 
on the basis of case, race, religion or 
sex at the new institute, an important 
and radical departure from age-old 
traditions in India This policy permit¬ 
ted to recruit talented young people 
from all parts of India It also had the 
important effect of dissolving the pre¬ 
judices which many of the young 
recruits brought with them from 
home, and it taught them to judge 
their colleagues and others primarily 
on the basis of character and ability. 
The common.lunch facilities at the 
institute, open to clerks and profes¬ 
sors alike, played an important role 
in creating the comradely atmosphere 
characteristic of all successful modern 
institutes. 

The selection of new academic staff 
was done with great care. School or 
college grades of an applicant did not 
form an adequate basis because of the 
large differences in standards at 
various schools and universities Ini¬ 
tial selection was based mainly on a 
paper in which the applicant described 
hi$ interests inside and outside of 
science and his reason for choosing 
fundamental research as a career The 
subsequent interviews often involved 
hundreds of applicants from all over 
India and centered more on ability to 
think and scientific creativity rather 
than on book-learning. Successful 
candidates received a stipend to 
attend advanced courses at the insti¬ 


4 ^ 


tute in modern physics, chemistry, 
mathematics etc. Final selection was 
based on their performance in these 
courses. 

Promotion of the staff was based on 
scientific and technical merit and not 
on seniority, as it was and still is preva¬ 
lent in many places. 

Free flow of information within the 
institute was promoted through num¬ 
erous specialised and general cotfo- 
quia. Secrecy in research whether for 
industrial, military or personal reasons 
had no place General colloquia by 
outstanding scientists from East and 
West were arranged frequently and 
would cover a wide range of subjects, 
not necessasry related to the subjects 
of research at the institute. 

A further important element in 
creating a lively intellectual atmos¬ 
phere was Bhabha’s effort to broaden 
the intellectual base and widen the 
range of interests of the staff For this 
purpose the institute library acquired 
books and subsenbed to journals 
covering various aspects of human 
culture; in particular all branches of 
the arts and sciences were represented 
and the staff (not only the academic 
staff) was encouraged to use the 
library. For the same reason original 
works of art, ancient and modern, 
were placed throughout the building 
and the institute played at times host 
to artists of highest quality (theatre, 
music or dance) with free access of the 
staff. 

Scientists had the opportunity of 
visiting foreign research centres and 
were encouraged to present their re¬ 
sults at international congresses pro¬ 
vided they could satisfy the standard 
of excellence, which became current 
at the institute. 

Finally, Bhabha was aware of the 
need for improving the economic and 
housing conditions for the staff. His 
institute was one of the first in India, 
which provided health insurance and 
care to all, including workmen and 
their families. 

These policies created an environ¬ 
ment, which promoted hard work and 
devotion and which at times became 
quite buoyant and adventurous, once 
the scientists discovered their ability 
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iia was a particularly favourable place to 
jdy what Bhabha felt was likely to be 
the focal point of scientific interest in the 
’fifties 


to make original and valuable contri¬ 
butions to contemporary science. 

For an individual a passion to ex¬ 
plore nature and to understand more 
than what is already known of its 
marvelbus complexity and beauty, 
may be a sufficiently strong reason to 
devote all his life and major efforts to 
ja^arch. The purpose of organising a 
'*f^ji|earch institute however, has to go 
beyond that, and cannot be confined 
to providing opportunities for gifted 
scientists to follow their avocations 
Society expects to derive some bene¬ 
fits from the economic support, which 
It IS asked to provide, especially in 
those countries, where the demands 
for the support of science have to 
compete with other urgent claims 
on the country’s resources. 

It IS evident, that enormous material 
benefits have been derived in the past 
and can be derived in the future from 
fundamental research into the work¬ 
ings of nature, quite incommensurate 
with the sums that have to be 
expended on it. One needs only to 
think of medical research into the 
causes and cures of disease, of mathe¬ 
matics, mechanics and plant research 
for the increase of productivity of 
labour and agriculture, of the role 
which the understanding of the beha¬ 
viour of atomic electrons have played 
in producing electricity for power 
distribution, home lighting, communi 
cation, etc 

It is sometimes difficult to convince 
governments that the two purposes of 
research, namely to promote funda 
mental knowledge and to benefit 
society as a whole arc neither incom 
patible noi independent But, ^n fact 
they coincide, provided that the 
quality of research is high The men 
and women who learn to uncover new 
evidence from experiments, learn to 
draw from it valid conclusions about 
hitherto unknown connections bet¬ 
ween natural phenomena Also, those 
who employ, improve and invent new 
powerful measuring instruments or 
those who produce in the laboratory 
higher (or lower) temperatures or con¬ 
centrations of pressure and energy 
that have never been observed on 


earth, alongwilh their scientific and 
technical assistants, are better equip¬ 
ped to contribute to its material 
advance than any other group in 
society Given the appropriate poli¬ 
tical conditions they are capable of 
setting up new industries, especially 
high-tech industries, health or com¬ 
munication services, rural centres for 
increasing agricultural yields, and per¬ 
forming other necessary tasks 

Thus, It was an important decision 
taken by Bhabha, when India became 
independent, to first set up a compe¬ 
tent institute, not primarily for applied 
research or engineering, but for funda¬ 
mental research with a strong initial 
emphasis on mathematics and expen 
mental physics. 

Throughout his life Bhabha was 
fascinated by the processes in which 
(according to Einstein’s famous formula 
E = me") energy is converted into 
matter and matter into energy At that 
time the only process which was 
known was the creation of electron 
positron pairs by gamma-rays and the 
mutual annihilation of such a pair into 
two gamma-rays The process had 
first been observed in cosmic rays. 
According to Picrrc-Victor Auger 
some of the incoming particles were 
energetic enough to produce in the 
atmosphere millions of electron posi¬ 
tron pairs, which then reach the 
surface of the earth at the same 
instant Bhabha’s most important 
theoretical work as a physicist dealt 
with this pair production phenomenon 
and the so called air showers which 
Auger had discovered Bhabha realised 
that at such high energies also heavier 
particles such as protons and neutrons 
are likely to be created and perhaps 
even other, as yet unknown forms of 
matter. Thus, in the nineteen forties, 
he concluded that high energy cosmic 
rays would soon be in the forefront of 
physical reseaich, as indeed they were 
in the fifties. Many a novel phenomena 
especially a large number of new sub¬ 
atomic particles discovered, later led 
to the prodigious and expensive 
efforts of creating cosmic rays in the 
laboratory by building larger particle 
accelerators But until then, even a 



Launching a baiioon for commie ra\f 
mearch. India warn thm second courdry 
in the worid which, before the Sputnik, 
could make extensive measurements 
30 km above the Earth 

country with moderate resouices 
could participate in many such impor 
tant discoveries This was particularly 
true of India because of the geographic 
and other reasons- 

1 India lies near the equator, where 
the terrestrial magnetic field shields 
the earth from most incident particles, 
such that only the highest energy 
particles can penetrate to its surface. 
Thus the equatorial region is best 
suited for studying the high energy 
cosmic ray component under condi 
tions where the strong low energy 
background is eliminated 

2 India has the highest mountain 
ranges in the world where cosmic rays 
can be studied in the raiified upper 
part of the atmospheie 

3 India has in the Kolar gold fields, 
the deepest man-made hole in the 
ground, where some of the highest 
energy particles lan he studied after 
they have traversed the tilmosphere 
and several kilometers of nick 

Hence, India was a pailiculaily 
favourable place t(> study what Bhabha 
felt was likely to be the fix'al point of 
scientific interest in the fillies Fur 
therrnore, relatively inexpensive* tech¬ 
niques also existed in this advanced 
research tield such as Geiger counicrs 
which could be produced at home by a 
skilled glass hlower, nuclear emulsion 
detec iors, which were relatively in 
expensive, and which were greatly 
improved in India, sik h ihM Indian 
detection techmeju^’s wc;re adopted in 
laboratcjries all ovc*r the world There 
weie plastic biilloons to carry such 

Continued on page 25 
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For Whom 
The Trees Grieve 


R Homi Bhabha was not 
S ^ scientist but an accom- 

phshed artist m his own right. 
His sensitive mind perceived 
the trees as living sculptures, giving a 
character of their own to the place 
where they stood ungrudgingly for 
generations. He was so much con¬ 
cerned about the trees that he must 
have been thinking about them even 
when he met with his tragic end on 
Mont Blanc in a plane crash 
Dr. Bhabha was very meticulous 
about acquiring scenic sites for his 
nuclear establishments He saw that 
the sites had, in addition to technical 
and scientific requirements, potential 
for natural aesthetic developments 
While choosing the barren hills having 
strategic importance in Trombay for 
the Atomic Energy Establishment he 
was sure that the site could be 
afforested very easily 
The Trombay hill was not long ago a 
very thickly wooded area, the vege¬ 
tation thereon was completely devas¬ 
tated by indiscriminate cutting Dr 
Bhabha rightly gave top pnority to the 
affoiestation programme in the devc 
lopment of this project A plan for 
planting over a million and a half trees 
was drawn up to cover all the barren 
portions of the hill This was also 
completed on a task force basis The 
work of tree planting was earned out 
before the erection of the main labora 
tones and for that Dr Bhabha was 







S.D. Vaidya 

criticised for giving prionties to aes¬ 
thetics But his explanation was that 
the trees take their own time to grow 
The speed of construction of the 
concrete structures can be augmented 
artificially but the growth of trees 
cannot be hastened in the same way 
Early planting of trees was done only 
to gam on time 

Dr Bhabha never considered land¬ 
scaping as a luxury He always held 
that the garden was an essential com¬ 
ponent of site development in any 
establishment to lift up the spirit of the 
workers. In nuclear laboratories where 
scientists work for hours together it 
was all the more necessary to provide 
aesthetically pleasing surroundings 
for the workers Dr Bhabha, after his 
long strenuous hours of work in 
Trombay, used to stroll in the gardens 
for a few minutes to relax and to 
relieve himself of the physical and 
mental stresses After getting refreshed 
he would start working again for still 
longer hours, losing completely the 
sense of time 

He always emphasised that in 
addition to providing aesthetic sur 
roundings, gardens were functionally 
required by the nuclear establish¬ 
ments which housed a number of 
sophisticated electronic equipments 
Such establishments needed air-con¬ 
ditioned laboratories necessitating 
relatively dust-free surroundings Dust 
le\'els are always low in areas covered 
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Dr. Bhabha felt that the old mango tree which 
had lived (at Trombe^;) for over 100 years had 
every right to continue to stay in the same 
spot! 


\Afith grass or trees. Planned landscap¬ 
ing further helps to create a microcli- 
mate which brings down the tempera¬ 
ture and lessens the load on the air- 
conditioning facilities 

Industrial Versailles of Bombay 

Dr. Bhabha's vision was to convert 
Trombay into an Industrial Versailles 
-^l^fBombay He was always fascinated 
^ the impressive palace gardens of 
Versailles in France where the beauty 
of Nature was tamed and controlled 
by the skillful hands of the French 
artists He therefore wished to treat a 
part of the Trombay Establishment on 
the pattern of Versailles gardens 
However, he wanted typical tropical 
plant materials used in this garden 
The concept of the Bougainvillea 
garden was thus born Tropical plants 
provide a lush green mantle but they 
lack the bright cheerful colours which 
the temperate flowering plants offer 
Bougainvillea plants provided the 
answer to these problems 

Whenever a landscape plan was 
submitted to Dr. Bhabha for his consi¬ 
deration, he spent his valuable time on 
It to study what would be the ultimate 
shapes and sizes of the tree clumps 
and whether their groupings were 
effective enough to add to the aesthe¬ 
tics of the place He also knew well 
that landscaping was not merely 
limited to haphazard placing of flow¬ 
ering plants by unskilled hands It 
needed a horticultural scientist to 
choose the right plant in the right 
place and a visionary artist to specify 
the plant material to give colour, 
harmony, balance and rhythm to the 
whole composition 

Connoisseur of trees 

Dr Bhabha’s observation of trees 
was just remarkable. Wherever he 
went, his keen eyes caught attention 
of every unusual tree Once when he 
was in Bangalore he saw a Casuarina 
tree with foliage which looked a little 
different from the other Casuarinas 
we normally see. Actually the differ¬ 
ence was so subtle that even a trained 
horticulturist would not have noticed 
it. But Dr. Bhabha*s eye did not miss it 
He telephoned me in Bombay to 


ascertain if it was not a different 
species of Casuarina When he was 
told that this could have been a 
possibility he immediately asked me if 
he could collect the cones which were 
lying on the ground and send them to 
me for trying out the new species in 
the Botanical Gardens of Trombay I 
explained to him that the cones which 
had fallen down would not have any 
seeds in them. The dehiscence of the 
fruit and the dispersal of the seeds of 
Casuarina take place while the cones 
are still on the tree He then had the 
seeds collected from the cones still 
hanging on the tree and despatched 
them by courier service so that no 
time was lost and the viability of the 
seeds was not affected We got the 
seeds sown and found, as the plant 
grew, that it was really another rare 
species of Casuarina These plants are 
still flounshing in the Botanical Gar¬ 
dens of Trombay 

Love for trees 

The study of the landscape propo 
sals by Dr. Bhabha was far from 
casual. He used to apply his mind to 
them thoroughly. While planning 
roads in Trombay Establishment he 
observed from the landscape plan that 
an old mango tree came in the way of 
one of the roads The civil engineers 
had recommended complete removal 
of the tree to have a straight road Dr 
Bhabha was very unhappy with this 
proposal He felt that the tree which 
had lived there for over a hundred 
years had every light to continue to 
stay in the same spot As there was 
enough space around the tree to 
modify the road layout, he suggested 
realignment of the road to save the 
tree The tree had given a character to 
the whole area for over a century and 
is still happily standing there as a living 
sculpture Also, along the approach 
road to the Tata Institute of Funda 
mental Research there was a large 
Ram tree which came in the way of the 
road construction As this road align¬ 
ment could not be changed, because 
the local conditions could not permit 
It, he had the tree transplanted in the 
adjoining locality 


Once while coming from his house 
to Trombay Establishment he saw a 
few people cutting a Ram tree along 
Peddar Road He stopped to inquire 
why they were cutting the tree and 
whether they had the legal sanction to 
do so. He was told that the tree was 
disposed off by the Municipal Corpo¬ 
ration as it fell in the road widening 
line and that they had purchased the 
tree for the highest bid He requested 
the workers to stop cutting it further 
till he found out whether the tree could 
be saved As soon as he reached 
Trombay he told me to examine 
whether it was possible to transplant 
and save the tree When 1 inspected 
the site I found that the tree was 
completely mutilated I reported to' 
him that it would not be wise to spend 
a large sum of money on transplanta¬ 
tion of the tree which had lost its 
aesthetic value He immediately asked 
me that if you were a doctor would you 
not try to save a patient who had third 
degree burps which had made his face 
disfigured. He also told me that scien¬ 
tists and artists should not waste their 
talents on bothering about the mone¬ 
tary involvements of the projects 
Their duty is to come out with their 
best in the larger interests of the 
mankind Financial wizards and admi¬ 
nistrators are paid for finding out ways 
and means to make the funds available 
for any good cause 

I moved the Rain tree into the neigh¬ 
bouring compound and it is still doing 
well in its new home after two decades 
of Its transplanting This was actually 
the beginning of the era of transplant¬ 
ing large trees in out country I shifted 
a very large number of trees thereafter 
and other organisations followed suit. 

When the Tata Institute of Funda¬ 
mental Researih in Colaba grew in 
size, a numbet of Peepal, Banyan and 
Ekirringtonia trees had to be relocated 
in other places to make room for the 
new laboratories bach one of them 
was saved by transplanting and all of 
them are doing well in their new 
homes It is diffic ult to believe that the 
majority of the large trees in the 
gardens of the Tata Institute of 
Fundamental Research are the ones 
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number of cultivars of Bougaini/illea 
and Canna. 

Dr. Bhabha used to take so much 
personal interest in gardening that all 
his leisure hours were utilised in such 
acti\/ities. I remember the day he left to 
catch his fateful flight. It was a Sunday 
and we were working on the garden 
plan of the Industrial Versailles of 
Bombay at his residence. It was six 
o'clock in the evening and he was 
getting late to catch the flight. He coh 
lected all the papers and told me that 
he would further go through them on 
the flight and return them to me the 
next day with his comments 





which were given a new lease of life at 
the instance of Dr. Bhabha Also, he 
could not resist when he saw that 
some of the trees in the Malabar Hill 
area were being removed for the cons¬ 
truction of the skyscrapers, for 
immediately he invited the attention of 
the Prime Minister, Mr Jawaharlal 
Nehru, and requested him to help in 
stopping the massacre It was because 
of this timely intervention that the 
Malabar Hill area is still retaining some 
of Its own glorv with trees, inspite of all 
the pressures from the builders to 
convert it into a concrete jungle 

Science and gardening 
Dr. Bhabha used to travel the world 
over for his scientific pursuits, but 
however busy he was, he never 
missed an opportunity to see the gar¬ 
dens around the places he visited He 
used to take photographs and make 
sketches of what he appreciated He 
used to write to me about anything 
which he thought was good enough 
for introduction m the gardens of the 
Atomic Energy Establishments Here 
^ IS a copy of the letter he wrote from 
Geneva informing how the flower 
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beds in the hotel, where he stayed, 
looked like 

As a scientist Dr Bhabha always 
believed in creating new experiments 
Twenty five ye^rs ago it was believed 
that It was impossible to grow roses in 
Bombay But with his initiative, Trom 
hay Establishment started growing 
roses and in 1960 there were as many 
as 750 named varieties growing suc¬ 
cessfully in the Rose Garden. I'rombay 
could also boast of growing the largest 
1984 


I am sure he must have been 
reading the same papers and thinking 
about the trees even when his plane 
crashed into the Alps The trees must 
have shed their leaves in grief on 
learning of his sad demise 

Mr Wadsfo iMis closely associated with 
Dr Bhabha and was chiefly responsible for tran 
slating into practice his laidscape designs 
He was Head, Landscape Architecture set tion, 
Bhabha Atomic Reseatch Centre, till recently 
At present he is a consultant 





Continued from page 19 
detectors abos/e the earth atmosphere, 
such that cosmic ray particles could 
be classified and studied as they exist 
in interstellar space, that is befoie 
their energy was transformed by 
collision in the aii into various forms of 
matter Such balloons were then a 
-"^larded monopoly of the U S but 
were soon duplicated at the institute 
with domestic raw materials Thus, 
India became the second country 
which could (before Sputnik) make 
extensive measurements more than 
30 km above the Earth 

In short, the choice of the largest of 
the initial research programmes satis¬ 
fied the following conditions 

1 It brought the institute into the 
forefront of science by exploiting 
favourable geographic conditions 
peculiar to India 

2 It could be carried out with 
domestically developed equipment 
within a realistic financial envelop 

3 It made Indian scientists familiar 
with techniques which later could be 
used in other advanced branches of 
sc ience and industry 

These very same considerations 
dominated the later additions to the 
programme. Thus, the study of high 
energy neutrinos was conducted in 
the Kolar gold mines as it required a 
deeply buried underground laboratory 
(before energetic neutrinos could be 
produced in large accelerators) 
Another example of such additions to 
the program was the construetic^n of a 
powerful and large radio telescope 
which consists of a linear array of 
rather simple home produced anten¬ 
nas Its uniqueness and scientific 
power lay in its deployment strictly 
parallel to the earth's rotational axis, 
thereby exploiting deftly the hilly 
nature of India's most southern re 
gions This is one of the few regions 
where the condition could be ;>atisfied 

The institute's early work consisted 
in producing a strong source of slow 
neutrons, which would permit India to 
participate from the start in exploiting 
the nuclear fission process discovered 
a few years before the foundation of 
the institute Subsequently, for enlarg- 



Explaining the design of the Apsara reactor to a group of senior scientists and 
technical personnel 


mg the scope of the institute’s 
programme during the first two 
decades, groups for building compu¬ 
ters and magnetic resemance appa¬ 
ratus were set up Also, work was 
initiated in the fields of molecular 
biology, x ray and gamma lay astro 
nomy All these subje». Is, have beccxne 
extremely fruitful and are still close to 
the centre of contemporary sc lentific 
interest 

I would also like to mention exam 
pies where strong support from 
Bhabha permitted some groups to 
modify and adapt their programme to 
the rapid progress in science While 
cosmic rays were an ideal subject for 
advanced research in the* early fifties, 
the new expensive particle accclera 
tois began to pr^iduce such particles 
in the laboratory and take over the 
study of tiansforniation of energy into 
matter at higher cmergies Therefore, 
the question arose as to the how lo 
utilise the expertise ac quired m 
cosmic ray studies, in other areas ot 
research The soluticjn was to begin 
the study of radioactive tiaiei iso 
topies pioduced by i osrnu' lays Like 
the radio isotope C‘' fii'^t employed by 
Willard Libby (Nobol Umieate) many 
rare radioactive run lei are produced 
in the atmosphere and precipitated 
They then mingle with geophysical, 
geochemical, hydrohigit .il and biologi 
cal processes on the earths surface 
The institute dcvelopc'd new tec hniqucs 
for isolating and employing many 
new trace! s which have ber'ome 
important in various branches of the 
earth sciences It was in 1955, that, it 


was proposed to study the isotope 
Be“’ which, because of its long half-life, 

(1 6 million years) has proved to be , 
useful in the study of land erosion on 
continents and ocean floor pheno 
mena such as the growth of manganese 
nodules, sedimentation rates etc 
The success of Homi Bhabha as the 
directcjr of the institute for fundamen¬ 
tal and experimentcil research was 
mainly due \c) his ingenious choice of 
the initial fields ot c oncenlration This 
cieated the necessary self confidence 
in his research staff, followed by 
careful decisions of promohnq certain 
proposals for enlarging the program¬ 
mes The proposals permitted the 
institute to remain in the forefront of 
contemporary sc lence 

Scientists whosc^ skills were deve- 
lopeci in lliose pioqiams at the TIER 
have now been plai ed in prominent 
pKiMtimis in govi^rntrent, industry and 
III rcsc*arcli centri’s. occupied with 
sp.icc* resi-arc'li, oce.inography, geo 
pbysu's elc 1 hese skills are also the 
base of the develop?nent of India's 

nM«-|e.\T *j()wc‘r, elec ironic . Vi^cjum 
and oibei mdiistiies 

Tot all this, credit should be attri 
billed to Dr Hon 11 Rb.iblia s genius as 
an adniinisfialoi, sc leniist and 
rescMicIi dneitoi of nui times 




JV/i-'f'. !■» LL'i/h iJiiiu'th S/wjc 

I \'nqh\ Dri'irtiitk iarhet !ip had 
otqhi (ir fhn Tata Inblitutr oj 

Fundfjrnf/i.'a/' at the irvniatian nf Dr 

Bhi if)/1'I 
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H igh energy and elementary 
particle physics is one of the 
areas of science today res¬ 
ponsible for tremendous 
advances in the frontiers of knowledae 
leading to an understanding of the 
ultimate constituents of matter and 
radiation The field is the combined 
offshoot of two branches of physiciS, 
namely, nuclear physics and cosmic 
ray physics, and may be said to have 
had its begnning in the early 30s of this 
century. The late Dr. Homi Bhabha 
made very significant theoretical 
contributions in the crucial develop¬ 
ment phase of this field which 
coincided with the early phase of his 
own research career in physics at the 
University of Cambridge, England, 
which began immediately after he 
completed the tripos in engineering 
sciences there. Happily and fortunately 
for India, Dr. Bhabha returned to his 
native land in 1939 and initiated work 
in the field of cosmic ray studies at the 
Indian Institute of Science, Bangalore, 
and later founded the Tata Institute of 
Fundamental Research in 1945. Dr 
Bhabha’s personal interest' and 
involvement in this area of research 
has resulted in the devebpment of one 
of the most powerful theoretical and 
experimental groups which over the 
last four decades have made pioneering 
contributions to many aspects of 
cosmic radiation, high energy physics, 
and particle physics. The first ever 
international conference on ‘Elemen¬ 
tary Particles’ held in Bombay as early 
as 1960 under the stewardship of Dr. 
Bhabha himself foDowed by two 
International Conferences on Cosmic 
Rays--one in 1963 at Jaipur and the 
other in 1983 at Bangabre—are clear 
recognition of the level of Indian effort 
m this field and how rapidly it has 
grown Pursuit of this area of research 
has had many other important fallouts 
as well By enabling scientists to do 
front-ranking research comparable to 
their counterparts anywhere in the 
world It helped to retain many of them 
within this country It also attracted 
many brilliant young scientists 
back to this country to pursue 
research in this field. It is also an area 


in which there has been very success¬ 
ful intematbntil collaboratbns 
Devebpment of a variety of particle 
detectors, fast electronics and instru¬ 
mentation, and sophisticated glass 
technology have b^ some of the 
other important fallouts of this 
programme. 

In order to appreciate the full 
significance of the scientific contribu¬ 
tions of Dr. Bhabha, it is necessary to 
famliarise ourselves with the statu&of 
research m physical sciences in the 
early 30s. 

Investigations on the conduction of 
electricity in gaseous discharge had 
led J J. Thompson towards the end of 
the last century to the realisation that 
the phenoroenon could be best 
urxkrstood if a particle of negative 
charge possessing the same charge to 
mass ratb, irrespective of the sub¬ 
stance in which the discharge is 
induced, is postulated. This particle 
which later came to be known as “the 
electron” had to have a mass at least a 
thousand times smaller than that of 
the positive bn recognised in the 
discharge. In the succeedbg years X- 
rays and radioacftvity were discover¬ 
ed and m the year 1911, Rutherford, 
on the basis of experiments on the 
scattering of alpha particles showed 
that at the £ore of the atom was the 
nucleus confined to a much smaller 
vobme which essentially carried ail 
the mass of the atom. It soon became 
clear that the nucleus of the hydrogen 
atom, “the proton”, was the funda¬ 
mental constituent of all matter and 
carried a positive charge in magnitude 
exactly equal to that of the negative 
charge on the electron. The anomalies 
observed in the properties of the 
spectral radiation from hot bodies led 
to the famous Planck hypothesis of the 
quantum of radiation, the photon. 
This idea was successfully used by 
Einstein to explain the photoelectric 
effect. Bohr's atomic theory and 
quantum mecnanics explained all 
aspects of the emission of radiation by 
different substarKes at varying 
temperatures. Dirac’s quantum theory 
of the electron explained many of its 
properties including the existence of 


spin and led to the interesting idea of 
antipartbles and the possible existerKe 
of magnetic monopoles. In the year 
1912 another mabr discovery was 
made. Victor Hess gobg upto an 
altitude of 16,000 feet in a Gondola 
lifted by a balloon and carrying an bn 
chamber with him convincingly 
demonstrated the existence of a 
penetrating radiation of extra-ter^ 
restrial origin. This radiation was given 
the name “Cosmic Radiation” by 
Millikan Efforts to understand the 
complex features of the radiation led 
to the recognitbn by 1930 of the, 
existence of a soft component and a 
penetrating component. The soft 
component was easily absorbed in a 
few centimetres of lead while the 
penetrating component penetrated 
tens of centimetres of lead. 
Occasionally m cbud chamber pictures 
the presence of several simultaneous 
particles had been recorded Geiger 
counters separated by tens of centi¬ 
metres in a horizontal plane also 
recorded frequently simultaneous 
discharges which could be understood 
only in terms of the inadence of 
several simultaneous charged particles 
Peculiarities had been noticed in the 
absorption characteristbs of the 
penetrating component of the radiatbn. 
It had' been found that for equal 
amount of matter, more of the 
penetrating component was bst in an 
extended medbm Bke air than in a 
condensed medium like lead|Or water 

Major discoveries 
In 1932 two major discoveries were 
made. Chadwbk discovered the 
neutron, the neutral counterpart of 
the proton. This resulted m a clanfica- 
tbn of the constitutbn of the nucleus 
whbh till then was considered to be 
composed of protons and electrons. It 
became abs^utely clear that the 
nucleus consisted of protons and 
neutrons. The other major discovery 
in 1932 was the discovery of the 
positron by Anderson in cosmic 
ratfiatbn. The discovery of the positron 
as the anti-particle of the dectron was 
a great triumph to the relativistb quan¬ 
tum mechanical theory of the electron 
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by Dirac. An immediate consequence 
of this discov^ was the recognition 
of the possibility of pair creation by 
high energy photons as they pass near 
nuclei. Experimentaly the phenomenon 
of pair creation was soon established 
One of the important questions that 
with discovery of the neutron 
the subsequent investigations in 
the field of nuclear physics was the 
nature of the nuclear force—what held 
the neutrons and protons together 
inside the nucleus? In this connection a 
Japanese graduate student Hideki 
Yukawa had postulated the so-called 
"meson theory of nuclear forces" 
according to which the proton and 
neutron were bound together by the 
exchange of particles called mesons. 
The theory was based on the analogy 
of exchange of photons between 
charged particles in electromagnetic 
^ interactions. Because of the short 
" range of nuclear forces Yukawa had 
postulated that the mesons should 
have finite mass, unlike the photon 
which had zero mass The particles 
had to be charged since they caused 
interaction between the proton and 
the neutron, one a charged particle 
and the other neutral 
It was into this scientific milieu of 
sub atomic particles and forces of 
interactions between them that Dr 
Bhabha stepped in as a young 
research worker at the age of 20, a 
fresh graduate from the University of 
f Cambridge 

One of the important theoretical 
problems that was being investigated 
was on the behaviour of charged 
particles as they passed through 
matter and lost their energy and the 
associated physical processes. Bethe 
and Heitler deduced the cross-section 
for bremstrahlung radiation by charged 
particles and for pair production by 
high energy photons on the basis of 
relativistic' quantum mechanics and 
worked out the energy loss of high 
energy charged particles as they 
passed through matter. They came to 
the rather surprising conclusion that 
the mean range of a 10 GeV electron is 
only about 1.8 kms of standard air. 
I. This appeared inconsistent with the 
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observation of high energy electrons 
deep down in the atmosphere as part 
of the cosmic radiation. Therefore the 
validity of quantum mechanical calcu¬ 
lations at higher energies was in doubt 
Bhabha and Heitler (and almost simul¬ 
taneously Carlson and Oppenheimer) 
put forward the elegant cascade 
theory of the electron which conside¬ 
rably clarified the problem While 
Bethe and Heitler were quite correct 
in deducing the mean range, what they 
had missed was that a high energy 
electron passing close to a nucleus 
would give rise to a high energy 
photon which in turn would undergo 
pair production giving rise to an 
electron-positron pair both of which 
would give rise to further high energy 
photons and this process would 
continue until the energy of the 
electrons, positrons and the photons,^ 
which degraded continuously, became 
quite small The net result would be 
the development of an electromagnetic 
cascade—the number of electrons 
and photons would initiaDy multiply 
and then gradually decrease Bhabha 


and Heitler made precise calculations 
of the rate of increase in the number of 
electrons and positrons for different 
initial energies While certainly the 
cascade-initiating electron would be 
lost as a result of the cascade process, 
the progenies of the subsequent 
generations would persist at relatively 
large depths apparently extending the 
range of the electron The cascade 
theory provided straightaway an ex¬ 
planation for the cosmic ray showers 
and the anomalies observed in the 
absorption charactenstics of the soft 
component 

Bhabha in a classic paper entitled 
“On the Penetrating Component of 
Cosmic Radiation" communicated to 
.he Proceedings of the Royal Society in 
July 1917, critically analysed the then 
existing experimental data on the soft 
and penetrating components and 
concluded that a 'breakdown* of the 
quantum mechanical theory of radia¬ 
tion as was envisaged by some, would 
not explain the latitude effect of 
cosmic rays, the large number of 10 
GeV electrons observed at sea level 
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and the shape of the transition curve 
of large bursts He pointed out that on 
the contrary all these features find a 
natural explanation if the radiation has 
also new particles with mass between 
those of electrons and protons, 
something of the order of 100 electron 
masses Some of the cloud chamber 
experiments which were designed to 
identify the nature of the penetrating 
particles through a measurement of 
ionisation and energy lost, were cilsu 
leading to similar conclusions Finally 
the experiment of Anderson and 


Neddcrmeyer with a 1 cm thick 
platinum plate across the middle of the 
magnetic chamber clinched the issue 
The mu-meson as the penetrating 
particle was discovered Street and 
Stevenson soon established that the 
mass of the mu meson was about 200 
electron masses In the flush of the 
discovery of the mu-meson, it was 
natural to identify it straightaway with 
the Yukawa particle that had been 
postulated to explain the theory of 
nuclear forces. Very soon it became 
apparent that there were serious 


problems with this identification. The 
lifetime of the mu-meson as deduced 
from the absorption rate in the 
atmosphere was a hundred times too 
long—in the region of microseconds, 
even after taking into account the 
relativistic time ebngation effect which 
Bhabha had predicted for these 
particles The lack of nuclear absorp 
tion effects of negative mu-mesons 
when stopped in a light substance like 
carbon did not conform to fhe 
expectations of the interacting nature 
of the Yukawa particle 
This was roughly the status of 
cosmic ray and elementary particle 
physics when Dr Bhabha returned to 
India and over the next few years 
established the Cosmic Ray Research 
Unit at the Indian Institute of Science, 
Bangalore, as part of the Department 
of Physics which was headed by Sir C . 
V Raman The tremendous scope for 
both theoretical and experimental 
research that this field had opened up 
was clear to him He was also aware of 
the special advantages that India had 
for cosmic ray work because of the 
wide range of latitudes available from 
the magnetic equator in the south to 
25" N magnetic latitude in Kashmir 
within the boundaries of the country 
and a wide range of high mountain 
stations While continuing his theore¬ 
tical studies along with a band of 
young physicists and mathematicians 
he had collected around him, on 
elementary particles, cascade theory, 
meson production etc., he embarked 
simultaneously on a programme of 
experimental studies of the penetrating 
component While he interacted with 
the mathematicians of the Central 
College in his theoretical studies, he 
interacted with the communication 
engineenng department of the Institute 
in his experimental pursuits He 
designed, based on his first hand 
familiarity with cascade theory, a 
unique Geiger counter telescope that 
preferentially selected the penetrating 
component without requiring too 
much lead absorber and flew the 
telescope in an aeroplane to* an 
altitude of 32,000 ft. This constituted 
one of the first measurements of the 
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latitude effect of mu-mesons at high 
altitude. He got a 12" diameter cloud 
chamber constructed (identical to the 
one that was operating in Prof. P.M S 
Blackett’s laboratory at Manchester in 
England) and initiated a systematic 
study of the scattering properties of 
cosmic ray mesons 
When TIFR was started in 1945. the 
clQud chamber was brought to Bombay 
imUfln Bangalore and investigations in 
scattering of muons continued Plans 


disintegrations when it passed through 
matter. The discovery of the neutral 
counterpart of the pion, the pi-zero 
meson solved the problem of the 
origin of cascade showers in the 
atmosphere The neutral pion sponta 
neously decayed into a pair of high 
energy gamma rays in a time less than 
10 '^s and the high energy gamma rays 
initiated electromagnetic cascades in 
the atmosphere giving rise to the soft 
component of cosmic radiation 


Over' the years the group formed by Dr. Bhabha to 
study cosmic ray interactions with the help of 
nuclear emulsion techniques became one of the 
most important groups in the world 


; 


to build larger cloud chambers were 
undertaken The High Altitude Studies 
group started making balloon flights at 
a number of stations in India to 
measure the intensity of the penetrat 
ing component at different latitudes A 
Glass Shop was set up to manufacture 
the large number of Geiger counters 
needed in the Institute itself 
During the same period Prof Powell 
of Bristol University in collaboration 
JT with nford Ltd had succeeded m 
developing highly sensitive nuclear 
emulsions for recording fast charged 
particles In the hands of Powell and 
his collaborators the nuclear emujsion 
developed into a powerful technique, 
for cosmic ray research and led to the 
discovery of the pi-mcson in 1947 The 
discovery of the pi-mcson removed 
many of the anomalies that had 
persisted about the cosmic ray meson 
It became clear that the Yukawa 
meson was the pi-meson which 
spontaneously decayed into a mu- 
meson and a neutrino with the lifetime 
of 2xlO-Bs as expected. It. was also 
highly interacting and caused nuclear 


Dr Bhabha who had kept track of 
these developments and was a per 
sonal friend of Powell, stfirted a 
nuclear emulsion group in the Institute 
in 1947 Itself Over the years this group 
became one of the most important 
groups in the world for the study of 
rosmic ray interactions and for studies 
on the nature of the cosmic radiation 
incident at the top of the atmosphere 
One of the important pu/zles that 
remained was to understand the 
source of the charged and neutral 
pions Theorists like Bhabha had 
speculated that these may be produc ed 
in the collisions of the primary 
particles Soon with nuclear emulsion'i 
•flown to balloon altitudes, and cloud 
chambers set up at mountain altitudes, 
It became possible to register the act 
of meson production in higfi energy 
nuclear encounters The cosmic lay 
jigsaw puzzle was coniple^ely solved 
it became clear that there was a 
primary radiation predominantly of 
protons incident at the top of the 
atmosphere In the nuclear collisions 
of the protons, the charged and 


neutral pions were produced While 
some of the charged mesons interacted 
as they travelled downwards in the 
atmosphere, a large fraction sp<3nta 
neously decayed into muons iind gave 
rise to the penetrating component 
The neutral pions decayed into 
gamma rays and gave nse to the soft 
component through the development 
of cascade showers 

Experiments with nuclear emulsions 
flown to high altitudes revealed that 
the primary component consisted not 
only of protons but alsc^ of heavy 
nuclei It so happened that Prof 
Bernard Peters of the University of 
Rochester, USA, who was involved in 
this major discovery, came as a 
delegate to the Elementary Particle 
Conference organised by Dr Bhabha 
in December 1950 At the invitation of 
Dr Bhabha, he loined IlfH as a 
Professor in 1951 and stayed on at the 
Institute for 8 years This grwe a big 
boost to the cosmit ray programme of 
the Institute in general and to the 
nuclear emulsion programme in parti¬ 
cular In 1956 Prof M G K Menon 
who had spent 8 years at the 
University of Bristol under Prof 
Powell and had made pioneering 
contributions in the field of elemental y 
panicles alscj joined lll-R The 
balloon flight programme gained 
momentum, the development of large 
volume plastic balcxjns were undei 
taken tor a variety of experiments in 
c osmic raysL Over the years this 
activity has grown to such an extent 
that a permanent Balloon Far ility for 
fabrication of plastii balloun.s and 
launching them has been set up at 
Hyderabad So far 112 flights have 
been made for cosmic ray exi)enmenfs, 
and 96 for X ray. gamma lay 
astronomy experiments 
I should also mention another lineol 
activity in the field of cosmic rays 
initiated Dr. Bhabha, which over 
the years has also developed into a 
major activity of the Institute and has 
brought profiKe international acco¬ 
lades A ''»w weeks prior to the 
Elementary Particle Conference in 
December 1950, late one night Dr 
Bhabha called me to his office and said 
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that I should plan to carry out some 
cosmic ray experiments in the Kolar 
Gold Mines--first I should make a 
systematic measurement of the inten¬ 
sity of the penetrating particles at 
various depths underground and then 
chalk out a programme of experiments 
jo determine whether the particles 
^countered underground were all 
mu-mesons or whether other types of 
particles were also present. Well, the 
first series of experiments were 
started in October 1951 and ended in 
1953 The experiments could be 
conducted only upto a depth of 1000 
ft below ground because of the 
decreasing flux of cosmic rays and the 
relatively small size of the counter 
telescopes A newly constructed 18" 
diameter multiplate cloud chamber 
had just started operating in the mines 
when because of the decision of the 
government to close down the 
mines we had to leave abruptly and 
continue the experiments in an 
abandoned railway tunnel at Khandala 
However, the mines did not close 
down We went back there in 1959 and 
the second phase which started then 
has continued almost uninterrupted in 
a variety of directions at a variety of 
underground levels right down to 9000 
ft below ground The second phase 
had added advantages. Developments 
in detector technology in the interven¬ 
ing years enabled us to build larger- 
area vnoic sensitive detector systems 
Prof Menon got interested personally 
in the deep underground experiments 
Prof Mayake who had come - to TIFR 
as a visiting professor in 1960 also got 
interested in these experiments which 
heralded the beginning of a fruitful 
Indb-Japanese collaboration which 
even after 24 years, is still continuing 
For almost a decade a team of U K 
scientists from the University of 
Durham, Prof Wolfendale and his 
collaboraTors, also got involved in the 
experiments at KGF The experi 
mental results on very high energy 
muons and neutrinos from KGF 
were anxiously awaited by the 
cosmic ray community, particularly at 
the Biennial International Cosmic Ray 
conference The TIFR group also set 


up a unique installation there—an 
extensive air shower array comprising 
64 scintillators at the surface wit h large 
area detectors deep underground at 
different levels to record the associated 
muons This unique air shower 
laboratory was inaugurated by Dr. 
Bhabha in December 1964 

The experience and expertise gained 
over almost three decades in fhe 
KGF mines helped considerably in 
setting up at a remarkably fast pace 
the first “proton decay detector*’in the 
mines at a depth of 8000 ft. below 
ground As is well known now, the eyes 
of the world are on this experiment for 
a crucial and important confirmation 
of what IS known as the Grand 
Unification Theory -unification of the 
different forces of nature 

As far back as December 1955, the 
cbud chamber group of the Institute 
moved to the mountain station at 
Ootacamund and set up two multiplate 
cbud chambers, one above the other 
(Ram and Maharani as they were 
called) to study nuclear interactions 
by cosmic rays, in particular the 
production of strange particles— 
heavy mesons and hyperpns, which 
had just then been discovered The 
laboratory was set up in a couple of 
hutments that were part of the Raj 
Bhavan estate and which Dr Bhabha 
had obtained for us through the 
courtesy of the then Governor of 
Tamil Nadu, Sri Snprakasa Soon an 
extensive air shower array was set up 
at this laboratory In January 1965, the 
world's largest multiplate cbud 
chamber was installed there as part of 
the air shower array Dr Bhabha who 
spent a few weeks on vacation at Ooty 
in January of that year, was thrilled to 
see the world’s largest cbud chamber 
operating there Experiments on cos¬ 
mic rays are still continuing at this 
laboratory 

In this article I have confined myself 
to highlight only just one aspect of the 
multi dimensional many-splendoured 
perscxiality of Di Bhabha In TIFR 
abne, apart from fostering cosmic ray 
research he was responsible for 
seeding, nurturing and growing many 
other disciplines The School of 


Mathematics of the Institute which he 
started almost at the inception of the 
Institute, is acknowledged to be one of 
the finest Schools of Mathematics in 
the world today. Theoretical Physics, 
Nuclear Physics, Solid State Physics, 
Chemical Physics are other areas 
initiated by him in which work is 
earned out at the international level of 
excellence. Radio Astronomy and 
Molecular Biology stand out as 
glowing examples of the success of the 
philosophy that he followed in growing 
research in his institutions—of identify¬ 
ing the scientists first and building the 
activities around them I have also not 
touched upon the other aspects 
relating to the role he played in 
growing the Atomic Energy Program¬ 
me of the country, the role for which 
he is rightly regarded as the Father of 
the atomic energy programme of 
India, nor have I referred to his role in 
the famous “Bhabha Committee Re¬ 
port on Electronics" which formed the 
basis for the constitution of the 
Electronics Commission and the 
Department of Electronics, nor the 
initial boost he gave to the Space 
Programme which formed part of the 
atomic energy programme in the early 
stages 

Bhabha was not only a scientist par 
excellence, but also a connoisseur and 
patron of art and music The idyllic 
locations of the various institutions he 
founded, the elegance and beauty of 
the buildings and gardens, the collec¬ 
tion of sculptures and paintings are 
living testimony to these aspects of his 
life It IS absolutely no exaggeration to 
say “another like him will not pass this 
way even m a millennium" 

O 


Prof Srvekanlan is Dir«*c/or of thp lata 
Institute Ilf furuJamental Research. Boinbav 
He has been rfuse/v ossoc lated with the cosmic 
rav research wuth at Kolar Cold Fields 
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F antasticaily talented but 
so fastidious about stand¬ 
ards that he was never a 
dilettante. Whatever he set . 
himself to do, he did as a 
professional—but one who 
worked for love. So he 
became a living proof that - 
scientific excellence can go 
with excellence in art.” 

Lord Redcliffe-Maud 
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^re you afraid of phobias? 

S. Kapali 

0 1 ID you know that the founder of Probability Theory, Pascal, feared 
I open spaces and Sigmund Freud had a fear of travel? Phobias, 

}v those extreme, irrational fears towards certain objects and situations, 
are many, though psychiatrists classify phobias as a single type of 
neurosis. Here is a list of phobias common and uncommon Check the word or 
phrase you believe to be closest to the meaning of the key word Answers on 
page 75 


^rophobia: 

^ Fear of sky 

(b) Fear of heights 

(c) Fear of insects 

(2) Belonophobia; 

(a) Fear of sharp objects 

(b) Fear of snakes 

(c) Fear of man 

(3) Agoraphobia: 

(a) Fear of plants 

(b) Fear of open spaces 

(c) Fear of books 

II) Xenophobia: 

^ (a) Fear of idols 


(b) Fear of books 

(c) Fear of strangers 

Herpetophobia: 

(a) Fear of reptiles 

(b) Fear of birds 

(c) Fear of animals 


(6) Autophobia or monophobia- 

(a) Fear of being alone 

(b) Fear of ideas 

(c) Fear of birds 

(7) Musophobia: 

(a) Fear of enclosed spaces 


(b) Fear of mice 

(c) Fear of water 

(8) Arachnophobia- 

(a) Fear of lice 

(b) bear of being buried alive 

(c) Fear of spiderb 

(9) Nosophobia- 

fa) Fear of illness or disease 

(b) Fear of sex 

(c) Fear of strangers 

(10) Ochlophobia: 

(a) Fear of syphilis 

(b) Fear of crowds 

(c) Fear of poison 
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Of psyche and soma 

T he patient is a forty year old executive. 

rnarned with two children He has 
cancelled two previous appointments with 
me on at count of heavy work He walks in 
with rather unpleas.uit expiession, mops 
his face repeatedly iind sits in an awkward 
manner 

/ am sorrv foi being little late dm tor. but 
due tn hecii'^ work I could not 
That's all right Now. what is your problem 
The physician who has leferred you to me 
mentions that you are unwilling to consult 
a psychiatrist 

Doctor, actual^' there is nothing wrung 
with me psvc/io/pgira//v / have a strong 
niind and equally Strang will power I am 
not a uvak person to have psvcho/ogic al 
problems Doctor, is there any reason 
to be/iei'e that chest pain could be 
psychological^ 

It could be But let's not talk about 
possibilities 

/ have chest pain, right here (points to left 
side of chest) actually very severe pain 
and It lasts for at least one to two hours 
Then my heart beats very fast, I almost 
hear it beating in my ears / also have gas 
trouble (points to upper part of the 
abdomen) and then I feel very uneasy, sort 
of restless 

Is the chest pain so severe that you feel you 
are going to die^ 

Ves 

And when you think you are going to die 
your heart beats faster' 

Ves, / am afraid I will have a heart attack 
But the heart spec la/isf says my heart is 
normal He has checked me several times 
and taken many cardiograms Once he 
asked me to do surne exercises and then 
took my (Ordiogram. ei»f>n that was 
normal Hv told me / hcjne no heart 
trouble But doc tor. f still get these attacks 
of pain 

When did these attacks of i best pain occ ur 
for the tirst tune ^ 




rhat Life- (ibour -ix rr.onths ciqo I joined 
the nffiie a/if'r a leave of few days 
Actually / lost mv father, and heme had to 
rake some leai e When / resumed work, ! 
had to attenil to heaei, leork in ihe olhce I 
had an irnfMirtanl tuHiid meeting, ei ery 
thing depended on how I performed in that 
meeting No, / u'os not feeling mm h 
tension But one dcic when I vas in rny 
< abin / realised that my hands and feet are 
getting (old. rny heart is beating fast and 
mouth IS becoming dry I stopfM'd for 
sometime anci tontinuod working It was 
terrible The same day I had that meeting. I 
managed it somehow and got the 
promotion But since then this trouble has 


Many physical and mental conditions often 
thought to be purely psychological have, in 
fact, a physiological origin. These can often 
be alleviated by proper medication and 
counselling 



34 SCIENCE TODAY. OCTOBER 1984 



stiirled Actualii/1 should be happv thc.t / 
fulfilled mv father^s last wish and/got this 
post 

What did your father die oP 
Heart attack 

I see Tell me about your sleep and 
dppetite 

/ can't /all off to sleep easily/ I am usually 
au/gj^ till late midnight I have not much 
also In fact, I have lost a couple of 
kilos Since last six months 
[Does your sleep refresh yoiP 
No doctor When I get up rri the morning I 
feel uery tired 

Do you wake up very early in the morning 

tind then you can't sleeps 

Ves 

How do you feel mentallv*^ How is your 
mood these days^ 

l/ery low I feel kind of blue, not at all 
energetic as I used to feel earlier And 
doctor since we are at it I have lost interest 
in sex Earlier it was not so These days / 
Hist don't feel like indulging in such actiuitv 
Of course, my wife is uery understanding 
^^he doesn't complain hut / am afraid if it 
continues like this I may lose my pou'cr of 
^r\ and that's a terrible idea 
Is life becoming unbearable to you that you 
feel like ending iP 

Ves doctor, you are right I know it is 
I'jrong to think that way but sometimes I 
do feel like that But please don’t tell my 
wife about it, she will be very upset I am so 
attached to my family that I will not 
(ommit suii ide 

Ok But IS the thought of ending life all 
Ijcrvasive, nieanmg it is always there in 
your mind Is it a c. onstant preoccupation*^ 
No, only when I hare some problems in the 
office andereii these are created by nie 
^ don’t get you 

ryiou know doctor how it is in laige 
companies, there is always the spirit of 
competition / get irritaied even by small 
problems arid lose my temper on niy 
subordinates * 

You weren’t like this before** 

No, / always liked compefitiue spirit / 
used to say it keeps eL»er\'onc on toes But 
now I am afraid that / shall fail and not 
( ome up to the expectations of my bosses, 
colleagues 7his thought is haunting me 
for the last six months this competition is 
killing me 

No, it IS not killing you It is stressful to 
you 

Doctor, tell me is there anything u>rong 
with me^ 

Yes, you are suffering from “depression" 
And when 1 say depression 1 am using a 
Ssi'nedical term Precisely, you are suffering 



from a mood disorder or an affective 
disorder 

You mean what ever / uni feeling has only 
psychological basis ft's not rcaP 
No, I didn't say that Whatever you are 
feeling, experiencing is real Nobody can 
deny that It is psychological in nature 
Let me explain you have mainly two 
symptom clusters The primary cluster is 
depression and the second is anxiety Out 
body has been divided into various 
systems, e g the cardio vascular, respi 
ratnry, etc Similarly,the human mind has 
been divided into various faculties there. 
IS the thought process, the memory 
system and the feeling component or the 
mood, etc Your problem lies in the mood 
system The depressed mood, suicidal 
intentions, sleep disturbances are all 
symptoms of mood disorder While chest 
pain, palpitation, heart burn,quickeningot 
breath are symptoms of anxiety 
These symptoms though experienced 
mentally have organic basis or their origin 
lies in the disturbed neurochemical funi 
tions of the brain 

You mean something is wrong unth me 
brain 

No The neurochemical change is at 
cellular level In your brain there are 
billions of nerve c ells < ailed as neurons 
*I hese neurons are in contact with eat h 
other at lunc'tion referred to as a synapse 
The transmission of messages fiom one 
neuron to thc» adjacent neuron occurs 
through the synapse, with the hc*lp of 
c hemic al substances or ncurf’h ansmitters 
They are i hemic ally known nori'pine 
phiine, serc^tonin or 5 hydroxy trypt.i 
mine If there is a shortage of these 
neurotransmitters al these synapses in 
some parts of the brain the transmission of 
messages gets disturbed This causes 
depressKjn 

Then if I consume more ol these i. /lerrnc al 
substances, shall I be nh/e to c orret t the 
imbalance in the brain''^Cari this ha med 
by proper diet'^ 

Unfortunately, diet cannot luie this 
Secondly. ;f ycju consume these substarx es 
they will be destroyed in the alimentary 
system If I inject them, they wun’t reach 
the neurons But certain drugs which I 
shall he prescribing have the capacity to 
increase the levels of tlicse 
' neurotransmitters 
fdow winild drugs achiei’e this effect^ 
There are drugs known as tricyclic 


compounds (imipiamine, amiirypt.ilinej 
which pievent the destruction of llie 
neurotransmitters Tins leads to ac i umula 
tion of the existincj neurc^transmitters at 
the synapses facilitating the transmission 
of neuronal impulses It lakes at least 10 to 
15 days for this to oc i ur 
Till then I shall have no respite'^ 

The anti.mxiety drugs I am prescribing will 
relieve symptoms of anxiety like chest 
pain, palpitations uneasiness, etc 
You don’t mean Caimpose I haie fuvn 
SLLia//owing Caimpose off and on for the 
last c ouple of years 

There are many drugs in the airnentonum 
I know many people consume these druejs 
off and cjn wiihcjut prescriptions But if 
serves no purpcjse as the drugs cire not 
taken in proper dosage 
Excuse me doctor for saying •'O, bu' / 
afieays heard that ps\\hiatrists aluays 
give talking * ure Luifh the patients on a 
couch, you hnue b(*en < oncenfrcjfing on 
drugs 

Thank you for bniiging this topic I shall of 
course be calling you to discuss the 
various problems you are facing Tins wii! 
enable you tci deal with them cunfidentlv. 1 
am sure with these talking sessu3ns or 
psychotherapy, you will be a more mature 
person There is no need for deep 
psychoanalysis The purpose of giving 
drugs is simple c nough They will bi mg you 
in a frame of mind where you will he ahle to 
discuss your problems And of course, the 
relief from symptoms will be immediate 
But what shall I talk about I hare tolJ you 
t»i ’er y thing 

You haven't anil I don’t expei t you to 
There are many things you mentioned 
briefly which need deeper understanding 
Like you talked about fulfilling your 
Irither's last wish 

Let us not talk about these things We shall 
start with these anti depiessant and anti 
anxiety drugs We shall meet every week 
for half an hour for psyi hothi'rapy 
sessions 

The patient will require' abciut 10 to 12 
sessions of psychotherapy wherein an 
attempt will be made (o help the patient 
develop insight into his jisychological 
problems, eg the patient initially denied 
that he has a problepn This use of denial as 
means of avoiding problem will be 
discussed The di iigs will he c continued for 
at least six months and then slowly 
reduced 

Rajendra Barve 

Dr Barve is a lecturer at the departineiii 
of psychiatry, B Y L Naii Hospital Bombay 
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Malaria strikes 


' ALARIA and other 

mosquitn-lxtrne diseases 
1' . are back again with a ven 

geance In 1983, the worst 
year so far in the last decade, 25 to40 
pel cent of some of the urban as well 
as rural populations in India fell prey to 
malaria, complicated with viral as well 
as other ‘no-c ure’ fevers 1984 may be 
still worse and the toll may run to 
millions 

Pandemics of malaria have killed 
more humans than all the wars in 
history In India, it had always been the 
single major cause of devastating 
sickness and tremendous loss of life, 
and hence one of the serious hin 
drances to economic development 
However, the establishment of the 
malaria parasite mosquito-man re 
lationship, paved the way for malaria 
treatment and mosquito control 
measures Operational needs for 


intensive mosquito-control, along with 
the development and use of DDT as an 
insecticide from the middle of the 
Second World War. were the bnghtest 
landmarks for the ‘conquest* of 
malaria Spectacular success of 
malaria control campaigns by two 
rounds of DDF spray followed, and in 
those heady days hopes were raised 
that malaria could be contained and 
then wiped out 

The National Malaria Control Pro¬ 
gramme (1953 58) in co-operation 
with international agencies was effic i 
ently implemented, and this led to its 
conversion to the National Malaria 
Eradication Programme (NMEP) in 
1958 With still greater expectations 
The experts had, however, warned at 
that decisive stage that final success 
entailed continuity of dedicated efforts 
and constant vigilance combined with 
a sense of utmost urgency, and that 


any lapses, haphazard and incomplete 
measures and delay will inevitably lead 
to complete failure of the campaign 
because the incredibly adaptable 
mosquitoes have the ability to take 
advantage of the delay and human 
failures to develop resistance to 
insecticides ^ 

The prophetic warning came true 
The expectation was never realised 
By the end of 1964, just about the time 
near eradication of malaria was 
evinced, we started slipping back 
Severe focal outbreaks of malana 
followed in most parts of the country 
The failure was officially confirmed by 
1974 Billions of rupees and man-hours 
went down the dram The failure has 
been belatedly and variously imputed 
to sciious administrative, operational 
and technical lapses and omissions 
poor management, unsound logistics, 
inefficiency and indifference, com 



Rafis of linv cigar-shaped eggs of Culex mosquilo Anopheles larvae or wrigglers float honzontalli/ 



41* 


Culex, Aedes, and Mansonoides nwsquilo larvae Pupae of different species of mosquitoes 
suspended head downwards 
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placent attitude of all concerned, 
l>olitical interference, exhaustion of 
lunds. .. In 1975 WHO commented on 
the lack of improvement in operational 
and epidemiological situation. In 1976 
the situation became alarming with 6 5 
million proven malaria cases in the 

—^iry, and the thieat has gone on resting pose of Anopheles mosquito 

I'lcftasing ever since 
The ‘switch back* to the so-called 
modified control and eradication 
programmes have not been of any 
help because of the lack of concerted 
effort, unsatisfactory supervision and 
eptecut’on in this regard in particular 
and for lack of sanitation and sewage 
disposal in general The results are 
reflected in the alarming resurgence of 
the diseases spread by mosquitoes as 
well as flies The hazard has further 
been intensified due to factors like 
disregard of traditional safeguards for 
■prevention of mosquito breeding 
places incidental to engineering works 

(by PWD, Irrigation, Railways and local » 

bodies), mass migration of labour. The resting pose o/Culex, Aedes and Mansonoidcs mosqiiifoes 

alarming rise in the price of insectiL ides a variant of the dreaded dengue, with give a serious setback to our agri- 

and oils and their diversion from higher mortality rates during 1983 cultural, industrial and social condi- 

mosquito control to agrit ultural and Most physicians, however, agreed tions remains well beyond the nation’s 

changed irrigation patterns that large number of cases required pocket-book 

Newer dimensions of the threat hospitalisation due to lack of response The panacea 

We are back to square one, or to traditional or specific treatment We need not suffer and live with 

worse There IS I aiise for despair Not Costly treatment remained beyond these diseases Wc should lake an 

on/y fhe mosquitoes have c/ei»i*/oped the reach of most sufferers, while the active part in maintaining our own 

resistance to the once so successful manufacturers of fake or substandard health and also be agents of t hange for 

insecticides, ei en the malaria germ**' paracetamol and anti malarial drugs, health for our family and community 

(hlood fKirasites) haiK' gained immunity quacks and unscrupulous physicians The practice of a realistic and effec tive 

/to drugs, including rhloroquinc Luhich had the best of it The poor and approach based on personal protection 

hod been most effectiue for preuenting underprivileged with insufficient nutri and self help is the real panacea 

os well as treating moiaria Malignant tion are more vulnerable to disease beneficial to individuals and com 

tertian fever recurring every other Living in unhealthy and insanitary munities 

day, caused by the blood parasite^ surroundings without proper drainage There are nearly 290 species of 

Plasmodium falciparum, the most facilities, deprived of effective free or mosquitoes in India, but just a few 

dangerous of all the malaria parasites, inexpensive treiitrncnt, unable to fight species spread a grim ar ray of diseases 

IS on the increase debilitating conditions, ►hey are also to humans Anopheles mosquitoes 

While, with the onset of summer, the human reservoirs of most infec transmit the plasmodium (blood para- 

millions are exposed to the threat of tions, including mosquito borne site) that causes malaria fever Yellow 

increasingly devastating outbreaks of diseases fever virus is transmitted by Aedes 

chronic or complicated malaria and Research is in progress to develop rnoscjuitoes The virus of dengue the 
other mosquitoborne fevers, most vaccines, injectibles, economical and break bone fever that causes acute 

physicians are baffled by the mimicry long-ariing prophylactics and effective pain, very slow recovery and occa 

of many other diseases manifested by insecticides. But, barring miracles, sional death, is .spread by the Aedes 

malaria Their diagnoses, inconclusive these much awaited weapons may not aegypti mosquito The tiny paiasitic 

in most cases, had no strategy to be available soon enough And, worms that cause filaria, elephantiasis, 

attack the near-epidemics of new or another nation wide programme to are earned by Cule\ Aedes and 

^>nodified strains of mosquitoes or/plus contain the menace which may even MciUMjnoides mosquitoes Some other 
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viral encephalities (brain intlam 
mation) and haemorrhagic fevers are 
also spread hv culex and aedes 
mosquitoes 

Curbing the menace 

The best way to deal with the threat 
uf mr)squito borne diseases is strict 
observance of personal protective 
measures aimed at minimising risk of 
mosquito bites, combined with mos 
(|ui(n population reduction in our 
houses and immediate environs And 
an insistence that the civic and health 
authorities improve sanitation, includ¬ 
ing proper disfiosal of sewage and 
waste water 

Contrary to general belief mos¬ 
quitoes do no/ breed in filth In 
summer, the female mosquito lays her 
eggs, 100 to 250 at a time, on the 
surface of every imaginable occurence 
of still, stagnant or slow moving waters 
which may he as little as a cupful or 
less, cl hoof print, pool, pond, lake, 
rain water Lollection, dram, water 
t hannel, uncovered sewage or a bank 
of a stream She finds man made 
containers of any size or type, pits, 
depressions, Iniats, garden tanks, 
overhead tanks anything that can hold 
watci, particularly in or near human 
domiciles, most suitable for egg laying 

In favourable conditions tiny larvae 
or wrigglers hatch out from the eggs in 
two to three days They feed vora¬ 
ciously on particles of organic matter 
in the water and become plump, mm 
feeding comma shaped pupae in the 
next four to six days After about two 
to three days adult, winged mosquitoes 
emerge from the pupae usually hiding 
or resting in vegetation or dark cool 
places during most of the day It is only 
the female mosquito that bites and 
sucks blood from humans and animals, 
she needs protein from the blood 
meals for egg-production and matura¬ 
tion For survival alone she supplants 
hei protein diet with vegetarian diet 
like her male counterpart who feeds 
exclusively on plant and fruit juices 
and flower-nectar 

Mosquitoes can be killed, or their 
life cycles interrupted in the three 
aquatic stages (egg, larva, pupa), or 


LIFF CYCLE OF MALARIA PARASITE 



they can be prevented from breeding 
by filling up water collections or 
emptying them once a week, or 
applying insecticides or a thin layer of 
oil film on the surface of water 
collections which are not likely to dry 
up within a week The aquatic stages 
cannot survive without water or 
without air which the oil film cuts off 
To reduce mosquito population, we 
cannot possibly empty, or oil, or fill up 
all potential mosquito breeding places 
in our close environment but we can 
certainly deal with domestic mosquito 
breeding places in our home, the roof¬ 
top (water tanks) and in the compound 
Aim at interrupting the mosquito- 
life cycle which is completed in about 8 
to 11 days Get nd of or renew any and 
every water i^ollection which can last a 
week or more Some examples are 
desert cooler tanks, refrigerator de¬ 
frosting effluence trays, all water 
containers Uems. tins, drums, earthen 
pots), broken pots and pot shreds, 
coconut shells, junk piles, old tires, 
disused plastic, wooden or metal 
boxes and containers, plastic bags, 
and things which accummulate rain 
water Discarded water may contain 
aquatic stages of mosquitoes and 


should, therefore, be thrown on dry 
ground to soak or evaporate To be 
really effective and fruitful, these 
measures which require only a few 
minutes, should be a weekly dry-day 
drill or a habit 

Adult winged mosquitoes can be 
killed inside rooms and buildings by 
spraying insecticides correctly, at 
dusk and dawn Doors, windows, 
ventilators and other openings of the 
accommodation should be kept closed 
during spraying and for abou^ 20 
minutes thereafter to make ‘flitting’ 
effective. Spraying in the open or well 
ventilated rooms serves no useful 
purpose as it briefly repels mosquitoes 
but does not kill them A bout of fever 
should always be treated with suspi¬ 
cion Your blood should then be 
examined for malaria parasite, filana 
worms or viruses to ensure prompt 
and proper treatment Such care and 
timely treatment reduce the risk ol 
spread of diseases to your family anc 
neighbours 

Narinder S. Narang 

Mr Ndrang is involved m health educatioi 
programmes in Punjab 
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The Mysteries of Mind 



THE TWO WORLDS WE LIVE IN 


Man IS not just an isolated entity on Earth He is also of a greater world — the Cosmos The forces that 
create galaxies and island universes also flow through man's being The human body and its vital phenomenon 
Life are of the same spectrum of energy of which all creation consists The universe is vou because you 
are one of its myriad forms of existence Stripping away the mystery of these Cosmic forces within you 
increases the personal reality of the Self There is no adventure greater than the exploration of Self 

This Free Book 

T he Rosicrucians, a worldwide cultural organization, have shown thousands of men and women how to 
rationally explore their inner world of \ \ 2 is\psyihu reo/mliesjust beyond your conscious mind Itisa 
link with your potential <rea//\i/v and attainment Not magic not fantasy, but a revelation of the fullness of 
your being Write today for a free copy of the Mastery of I ife It tells how vou can learn and use more of what 

, list THIS COUPON 


The Rosicrucians are: 

• Not a religion 

• Non-political 

1 Scribe KIT 

j ROSICRUC IAN ORDER AMORC 

1 Rosicruuan Park San JoscH alifornia 9SI91 USA 

1 

j Ciemlemcn 

1 Plca&c send me a copy of the Maxnri of 1 ife 1 am sincerely interested 

j Na>ni^ - - . 


• 

Non-profit 

1 

j AHHr^c« ^ . 




1 

1 

j PLEASE aend coupoD via airmail— we raplj by airmail 


0S fC L' Cl/i I\S , San lose, ( aiifornia 1 S \ 
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T its simplest level the process 
of micrographics involves the 
■' , ' reproduction of familiar objects 
in miniature Examples are 
the score of elephants carved in ivory 
in a devil's eye and the grain of rice on 
which is incribed the Bhagvad Gita 
Micrographics has a long history 
archaeologists have found excellent 
micrographic records left behind by 
the Assyrians at Ninevah over 5000 
years ago: these are “tablets”—small 
hexagonal cylinders of clay inscribed 
with cuniform characters so small and 
so perfect that they could only have 
been made with the help of an 
elaborate devic e 
The method 

This method of condensing know 
ledge is hardly new to India Although 
the ancient Indians largely lelied on 
oral tradition to desseminate know¬ 
ledge the Lonvenicnce ot carrying a 
large condensed fund of knowledge 
was not lost on them Towards that end 
they employed abbreviation—what 
are our shfokos and su/ras but 
distillates of vast oceans ot learning*^ 

However, the essence of modern 
micrographics is the production on a 
Lilliputian scale evac f/y what exists as 
a Brobdingnagian object Even more 
important is the reverse operation — 
the regeneration of the giant image 
from Its micro version The need for 
this began to be acutely felt only with 
advent of printing and the enormous 
growth of communication following 
the Industrial Revolution. To handle 
the overwhelming flow of information 


the physical methods—of actually 
incising large originals into their mini 
versions laboriously by hand—-were 
no longer adequate 

It IS in the 1830s that micrography 
was really emancipated—by two almost 
simultaneous developments One was 
in optics, the adaptation of the camera 
obscura; and the other was in 
chemistry, the production of the 
emulsions sensitive to light The 
marriage of the two resulted in 
photography which began to be used 
as the principal means of micrography 
(After all, the image you see on the 
viewfinder or the image you obtain on 
the negative is but a “micrographed" 
version of the real objects before the 
lens) 

This marked the birth of micro¬ 
graphics as it is known today. 
German, French and English “gentle¬ 
men" began selling microphotographs 
as curios—in rings, in tie pins and 
jewellery The craze followed its 
logical course from objects to photo¬ 
graphs, to documents Among the first 
documents to be micrographed was 
also the nnost commonly used—the 
Bible! One had now a choice of Bibles 
per square centimetre! 

The power of the technique was 
suddenly enhanced in 1940 with the 
development of extreme resolution 
photographic emulsion plate appa¬ 
rently for astronomy Micrographics 
now took to the air. Supersecret 
micrographics began to travel by 
Pigeon Mail, V-mail, Airgraph-and 
underground-superspy secret micro¬ 


dots during the World War II The 
Aerogramme so widely used today 
was designed during the World War * 
for microfilming letters from Europe to 
America Upon receipt in the US the 
microfilmed letters were enlarged to 
legible size by automatic machines 
and delivered by the normal posInT 
service. Document micrograp)hv 
began to gam pace fast It became 
invaluable to the researcher because it 
made available for his private study 
duplicates of originals out of reach 
either because of rarity and price, 
distance and time A reel of structured 
text on microfilm could help students 
too It freed the teacher from stcp-by 
step guidance He could thus devote ^ 
more time to real teaching and solving | 
difficulties To keep pace with the 
information explosion caused by elec- 1 
tronics and computers after the war,f J 
document micrography had to be f 
speedy, both in storage and retrieval 
Machines had to photograph hundreds 
of documents in a minute, retrieve any 
single document out of the thousands 
in seconds and provide “hardcopy" in 
a minute to the user 
As IS well known, the seeds of many 
scientific and technological innovations 
were laid in Europe,- however, their 
commercial applications have flowered 
in the new land—the USA This is also 
true of photography and micro¬ 
graphics It was not the snap-shot 
camera but the development of roll 
film on daylight spool that made 
photography so popular. In Europe, 
pictures were still recorded on a single*^ 
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plate or sheet of film But in the US a 
roll of film was used in the first rotary 
(or flow type) microfilm camera for 
recording cheques And the method of 
recording identical photos on a sheet 
of film was at first used for printing 
textile designs, labels and later for the 
production of transistors and other 
semi-conductor devices 

Initially, micrographics systems were 
aimed at preservation of records and 
space-saving Yet, the psychological 
resistance to scan reading matter on a 
screen persisted Obviously, the gene¬ 
rations brought up to study informa 
tion in black and-white on a board or 
paper could not come to terms with 
information painted with light on a 
viewing screen. For them, day-to-day 
use of viewing information on a screen 
was inconvenient. 

With the spread of cinema and T V 
a whole new generation has been 
brought up in U S A. and Europe 
which IS familiar to the viewing screen 
The advent of computer games, made 
the viewing screen “user friendly" 
even more. In India, too, with, the 
spread of the national network of T V 
and the rise of computers, generations 
comfortable with viewing sceens are 
bound to come up. Once that 
psychological barrier is crossed, the 
fledgling technology of micrographics 
(with a viewing screen which is 
necessary) is sure to flourish. For it is 
easier to operate and more economical 
compared to the electronic information 
technology now advocated in Europe 
and U.S.A. 

Today micrographics is changing 
from its traditional role of preserva- 
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tion and space-saving to day to-day 
active use It is linked to computers for 
rapid access and retrieval of a store of 
information which is bigger than the 
memory capacity of a computer 

Computer Assisted Retneval (CAR), 
the linkage or roll microfilms to a 
computer basically depends on the 
blips in a binary co ie While computers 
work on electru ity. microfilms employ 
light Some provision therefore, has to 
be made in the microfilms to transform 
light signals to eleclricily photoelectri 
city Light fallingon some objects gives 
rise to electrical charges Electrical 
instruments can be made todetect the 
magnitudes as well as the presence of 
an impulse nf light, but if they are only 
required to deiei t the presence, the 
chances of error and the trouble 
entailed are reduced Microfilms are 
viewed by light, so absence of light by 
blocking it in patches (blips) can be 
used as a counting mechanism, as a 
numerical signal 

Now anv whole number c an he 
analysed into hifKiry digits hy succf*s 
sively subtracting decreasing powers 
of twc'. for example, given below is an 
analysis of the date 15-8 1947 into 
powers of two 

The table on pq.41 shows that any 
number can be depicted by a blip 
code The presence of each digit may 
be indicated by a white aiea and its 
;absc>nce by Hack Suecessive numbers 



Universal microfilm camera 


of frames in a roll of microfilm will have 
a unique stnng of whites and blacks 
(blips) which can be counted by a 
single optical fibre in the track of small, 
medium and large blip. This probe of 
the optical fibre is located m the film 
gate ol a microfilm reader or reader 
printer so as to count the string of 
whites and blacks on one edge of the 
roll of microfilm outside the picture 
frame area The string of whites and 
blacks could be of different sizes, on 
both edges and between the frames to 
expand the series of numbers, with 
millions of combinations each uniquely 
representing a frame on a roll of 
microfilm Then there is added help 
from the numbers recorded by the 
side of each frame in the camera itself. 

The manipulation of binary coded 
numbers lies m ihe domain of 
computer programming and generation 
of an index by unique digits belongs to 
the science library classification, both 
are outside the scope of this article 
These days systems of binaiy coded 
blips are increasingly used for retrieval 
of microfilms (both roll and fiche^by a 
computer The process in known as 
Computer Assisted Retrieval (CAR) 
The mam purpose of micrographics 
IS to make photographically reduced 
images of the documents within 
certain parameters The photographic 
images do have quality standards for 
faithfulness to the oiiginal in geometry, 
detail, clarity, leproducibility both in 
Its own kind and the enlargements or 
reductions All of this achieved with 
speed and economy wMth due regard 
to the quality standaids, time and 
again, every time and for a long time 

A camera with raw films, a reader 
and a reader.printer are the minimum 
basil equipment for micrographics 
The camera to photograph the docu 
ments can be rotary (How t^/pe), flat 
bed (planetary), step & repeat (for 
fiche) and COM (Computer Output 
Microfilm) A machine to develop, fix. 
wash and dry the exposed microfilms 
IS useful for inhoiise service A reader 
to scan the output from the processor 
.«id a reader-printer to give hardcopies 
IS helpful Instruments for tests and 
contiols are densitometer, micro 


scope, rewinds, methylene blue test 
kit, etc 

The raw microfilm is a photo¬ 
sensitive material on a flexible support, 
it may be silver-halide in gelatin, dry 
silver, photoplastic (vesicular), azo 
dyes or photo-static (xerox type) 
Corning developed photo-chromic 
glass for special applications. Of thesig, 
only the silver-halide in gelatin, though 
costly in price, use and storage, has 
found favour after extensive tests in 
grade one micrographics; and it is the 
material of choice recommended for 
archival storage of precious docu¬ 
ments. It IS not yet made in India (but is 
available to actual users on Open 
General Licence). It comes in unperfo- 
raled 16mm, 35mm or 105mm width 
and in lengths of 30 metres, 40 metres, 
60 metres or more (depending on the 
thickness of the film) for use in rotary, 
flat bed and Computer Output Micro 
film cameras and in packets of cut 
sheets of size 105mm X 148mm for 
use in step & repeat cameras, and in 
premounted aperture cards for use in 
the cameras for engineering drawings 
Small rotary and flat bed cameras cost 
less than step & repeat and COM 
cameras, but their running costs arc 
high, while the running costs of step & 
repeat of COM cameras are low 

Before microfilming, crumpled, stain¬ 
ed and torn original documents have 
to be made ready for the camera by 
arranging them in an array and 
sequence suitable for retrieval It is 
better to gioup all the documents of 
one kind of reflectance in a batch or 
sequence for giving uniform densities 
m the microfilm Simple library classi¬ 
fication methods are useful where the 
output IS low For large output CAR is 
to be preferred The camera which is 
to phe^tograph ihe documents has to 
be calibrated and maintained so as to 
give uniformly consistent exposures 
on the silvcr-halide in gelatin film not 
only for that batch or sequence but for 
all times during the operation 

Processing- The uniformly exposed 
silver-halide film is to be developed, 
fixed and dried in the processor The 
built-m filters and thermostats are a 
must for today's microfilm processing 
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machines which give a finished roll m 
ten minutes. To avoid scratches the 
process should use recessed rollers 
and film guides so as to leave the 
emulsion side of the film untouched 
The water input should ensure washing 
away of residual chemicals, m parti¬ 
cular hypo which should be less than 
Q.^^icrogram per square centimetre 
"jmc processed film 
The first generation master negative 
microfilm so obtained is to be checked 
for defects Once the defects are 
rectified, it must be used very carefully 
and sparingly and never without 
gloves either for giving copies onto 
similar films for day to-day use, 
distribution or for giving hardcopies of 
the original documents The polarity 
may be the same or reversed 
In the case of the step & repeat or 
COM cameras, the built-in mechanism 
shifts the sensitive film in rows and 
columns in the area of 105 mm X 
148mm, the standard A6 size of 
microfiche, in steps of 5 rows X 1? 
columns -= 60 pictures, or 7 rows X 14 
columns = 98 pictures or more of the 
small documents upto double foolscap 
size Microfiche, therefore, is an 
excellent medium to store and retrieve 
documents pertaining to individual 
cases of income tax, sales tax, excise 
teturns, insurance claims and invest¬ 
ment and reseaich papers The 
machine to scan the microfiche is of 
low cost and portable, though import 
ed Microfiche can also be built-up by 



Mircrofilm reader 



Automatic aperture card hard copy/ svstem 


pasting strips of processed 16mm 
microfilm or by inserting them in the 
channels in transparent *Mylar’jackets. 
These jackets are a great help in 
unitising the microforms to the size of 
standard A 6 size microfic>ie which 
can be updated from time to time by 
removing the old strip and replacing it 
with the current one Older systems 
for engineering drawings on aperture 
cards are now being replaced by 
automatic retrieval from roll film This 
effects considerable savings in the 
cost of equipment, material and time 
spent on making up the apierture cards 
from roll films A reader printer which 
can automatically retrieve and print 
any one aperture card from hundreds 
in a stack, is also available There is a 
built-in processor in some cameras 
which gives processed microfilm in 
short strips or in the form of aperture 
^ards 

While rotary cameras were initially 
designed for photographing small 
documents in a rapid and automatic 
sequence for banking operations, viz 
cheques, vouchers and letter head 
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size documents, a new class of 
sophisticated rotary and small flat-bed 
cameras using 16mm film giving 
optical binary coding and numbering 
near each frame for Computer Assist¬ 
ed Retrieval (CAR) have been made 
possible because of the advances in 
micrographics 

The choice of a system depends on 
whether the files are inactive or active 
Archival preservation of precious 
documents is best done by flat bed 
cameras which are designed to give 
high quality rolls, fiche or aperture 
cards Such documents fall in the class 
of inactive files and form less than ten 
per cent of the total number of 
documents in many an organisation 
Their sizes and numbers are a major 
factor in deciding the choice of the 
camera and processor The choice 
between in house or the few outside 
agencies (service bureaux) in India is 
to ensure quality and security A time 
bound prt)gramme should lake into 
consideration the output capacity of 
the camera vis a vis that of the 
processor and the watei supplv and 
other raw materials 

Active files Eighty per cent of the 
documents generated remain in active 
use only for six months after they have 
been generated Applying micrographic 
techniques for these documents 
implies retrieval methods useful during 
the active life stage besides long term 
preservation These retrieval methods 
add to the efficiency, saving time, they 
also obviate misfiling, and missing of 
papers, etc Clearly, the application of 
micrographics to these active and 
archival documents is worth while 
only where they are unmanageably 
large in number 

Mr i/ayakar is Refirographit S/mu ai/ist in /he 
Re/preme Department Ttie Timps of Indio 
Croup of Publications 
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Resources for tomorrow 

THE 

SYNTHETIC 

FUEL 


P LUTONIUM has the distinct¬ 
ion of being the first element 
produced artificially in visible 
amounts It does occur in 
nature but in hopelessly minute 
quantities So, for all practical pur¬ 
poses it is a synthetic element This 
silvery grey metal is more radioactive 
than uranium. It’s alpha emissions 
could prove deadly if the metal were to 
get lodged in the b^y, when swallowed 
or inhaled. Since its radioactivity lasts 
quite long, once inside it can remain 
there for the whole Efetime. 

Paradoxical it may seem, plutonium 
has been produced in larger quantities 
than many other naturally occurring 
elements, in spite of its biological 
hazards. The reason being, it makes 
an excellent nuclear fuel. It can 
undergo fission by capturing slow 
neutrons as uranium does It is the 
promise of plutonium to satisfy the 
needs of an energy-hungry world that 
makes it the most important synthetic 
element 

Plutonium can be made abundantly 
in power reactors fuelled by uranium. 
The waste left behind after the nuclear 
fuel is burnt is, so to say, the plutonium 
mine The problem of recovcnng 
plutonium IS, however, complicated 
enormously by the highly radioactive 
nature of the waste Plutonium mining 
(making?) thus involves an altogether 
different technology than for any other 
metal and roTieral 

Alchemy—‘the modem way 
Alchemists of the olden times were 
obsessed with the idea of making gold 
from baser metals They worked 
ceaselessly with multiple mixtures of 


obscure materials, mostly heating 
them Their attempts to synthesise 
new elements were utterly futile as 
they were not aware of the key to 
transmutation. Their treatment could 
hardly touch the atomic nucleus, the 
compact bag of neutrons and protons 
which identifies an element. We know 
today that only by restructuring the 
nucleus, by way of changing the 
number of protons, can we get a new 
element 

This idea was successfully tried out 
by Rutherford in 1919 when he 
bombarded nitrogen nuclei with natu¬ 
rally occurring alpha particles and 
produced oxygen in the process With 
the discovery of neutrons, the scope 
of artificial transmutation increased 
significantly. The uncharged neutrons 
were more effective in penetrating the 
nucleus than the positively charged 
alphas Then came the high energy 
accelerators, which provided particles 
with sufficient kinetic energy to 
disturb the nucleus The wartime 
activity to discover fission which 
culminated in the controlled chain 
reaction in a uranium pile came as a 
blessing in disguise for the discovery of 
new elements. Thus, in the 1940's the 
stage was all,set for the modern 
alchemist to synthesise new elements 
in a wholesale fashion 

Technetium was the first synthetic 
element to be wreated and it filled the 
gap between molebdynum and 
ruthenium in the periodic table. It 
derives its name from the Greek 
technikos, signifyirig its artificial or 
technical origin. This element was 
made by bombarding molebdynum 
with high energy deuterons. 


Synthesis of element 94 

In an era of claim and counterclaim 
by different groups of scientists for 
the discovery of new radio elements, 
the work on the synthesis of element No. 

94 was initiated by a group of 
American chemists headed by Profes¬ 
sor G T Seaborg. During 
1940-1941 they studied the nuclear 
reaction (d, 2 n) and along v 
with Np they observed the accumula 
tion of o-activity. They could extract 
the new a-active substance in trace 
quantity and identified it as element 94 
with a mass number of 238. which has 
half life of 86 years The new element 
was named plutonium after the planet 
Pluto. Subsequently, the isotope of 
ma)or importance, 2 wpy discover¬ 
ed in the decay product of the newly 
discovered ^^’Np by Seaborg and his 
group. 

The plutonium isotope of major 
importance Pu-239. as a nuclear fuel, 
was discovered by the same group by 
a slightly different route. By strongly 
irradiating uranium, a new isotope 
of neptunium was made and 
this decayed into Pu-239 by emitting 
an electron. It was m September 1942 
that the metal became visible when a 
few microgrammes of it were made at 
the war time Metallurgical Laboratory 
of the University of Chicago Soon its 
most important property, nuclear 
fission, also came to light 

Today, several tons of plutonium 
have been produced by several countr¬ 
ies, thanks to the advanced nuclear 
technology. In thermal reactors based 
on uranium, plutonium is produced 
due to the pile reactions. 

The reactoi fuel contains both 
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uranium-235 and uranium'238. A slow 
neutron colliding with U-235 causes it 
to split, releasing in the process more 
neutrons and heat. U-235 is a small 
part of the fuel and the rest is U-238. 
When neutrons collide with U-238 
another important reaction takes 
place, U 238 changes into U-239 and 
finally into Pu-239. The production of 
plutonium, therfore, is an inevitable 
consequence of uranium fission. 

Interestingly, plutonium produced 
IS also fissionable by slow neutrons. 
Indeed, as soon as it starts forming,it 
also gets burnt, though, not at the 
same rate. As a result, plutonium 
builds up in the reactor 

Thus approximately one atom of 
239Pu IS formed per fission of 
which IS 0 7% of natural uranium, 
mostly 23BU. In a nuclear reactor due 
to various reasons, ‘fuel*, whcih now 
accompanies radioactive fission 
products and plutonium, has to be 
removed from the reactor for ‘‘proces¬ 
sing” after Small consumption of 
and recovering bulk uranium. 

Plutonium separation 

Separating Pu-239 from the spent 
fuel is simple in theory but not at all so 
in practice Since the fuel is highly 
radioactive it is first of all stored under 
water for cooling. During this period, 
lasting for several months, most of the 
short-lived fission products decay. 
The remaining long lived radioactivity 
makes it mandatory for all further 
operations to be carried out under 
proper shielding with remote handling 
All this makes plutonium processing 
rather unconventional. 

The most popular plutonium extr¬ 
action process is known as the purex 
process (plutonium uranium reduc¬ 
tion process). It was developed, 
largely, by a group of chemists at the 
Oak Ridge National Laboratory, USA. 
It IS a solvent extractK)n process and 
an organic extractant tri-n butyl phos¬ 
phate (TBP) dissolved in an inert 
solvent like kerosene is used to 
extract uranium and plutonium from 
their nitric acid solution. To start with, 
the reactor fuel containing uranium 
and plutomum is dissolved in nitric 
acid and adequate nitrite is added to 


The glove compartment for handlins plutonium 
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The plutonium plant at the Bhabha Atomic Research Centre, Bombay 


cons/ert piutonium to its fourth oxi¬ 
dation (valency) state Uranium and 
plutonium are then extracted from the 
aqueous phase by TBP in the 
extraction column, leaving most of the 
fission products in the aqueous phase 
Plutonium is then reduced its third 
oxidation state and is thereby removed 
irom the otganic phase by dilute acid 
leaving uranium in the organic phase 
Urdiiium IS then stripped back to the 
aqueous phase This piocedure is 
repeated and ultimately plutonium is 
purified by the ion exchange method 

Since separation involves redox re¬ 
actions, these have been thoroughly 
studied by many, including Indian 
scientists A number of problems are 
encountered in the separation of 
plutonium and uranium as both are 
radioactive 

Hazards of handling 

Handling plutonium metal is tricky 
as it can catch fire in air It needs to be 
handled in an inert atmosphere, say of 
argpn. Plutonium oxide used in fuel 
does not pose such problems 

The radioactive properties and the 
biological effects caused make pluto 
mum one of the most toxic materials 
tfj humans It has been estimated that 
moie than a hundred million alpha 
particles aie emitted from a milli 
gramme of Pu 239 in a minute The ex 
tei nal hcv_ard due to the aljjhas is negli 
gible as they are stopped by the skin 
But inside the body the permissible 
amount is extremely low and more 
than hall a microgrami ie is unsafe 

However, ihanks to the excellent 
control measures developed to handle 
plutonium, contamination problems 
are almost non existent»»spite of the 
large quantitw's nf it being handled 

Special facilities 

Kot any plutonium work, a conven 
tional chemual laboratory is not 
adequate Plutonium rostsirch is 
carried out in specially n^ade sltjel 
boxes (ailed glove boxes ll has 
compressed air and exhaust tui diu ts 
and leak tight elect tie al line- The 
l(^xic gases evolved in chemic.ii opera 
tions are passed thr«jugli a filter 
along with air in the exhaust line The 


exhaust duct ends in the centralised 
filter house frrjm which only relatively 
clean gas is exhausted out through a 
tall chimney tti the atmosphere The 
purpose is to isolate the radioattivily 
(air borne) in the glove box itself 
All rhemical operations, heating, 
passing t urrent etc, on plutonium 
solutions have to be carried out in (he 
glove box The tianspoiiation of 
materials to and from the box is 
earned out via a transport chamber 
with two dfrors, in the glove box The 
glove box is kept at a negative 
f)iessure so that any small leak cannot 
spread the ladioactive air Working 
with glove Ivix and handling with 
gloves is not (jnly tedious but also very 
uncomfoitable particularly in tropical 
countries Therefore, the laboratory 
rnusl have grjod airconditioning and 
venlilatKin systems 
In India we have these faciliiics al the 
Bhahhn Atomic Research Centre 


The rnainlainimce of a plutonium labo 
ratory is expensive Unlortunately 
there are no shortcuts Round the 
clock air borne at tivity measurements 
are part of the safety regulation Re 
sides, radiation safety persoriiiel must 
be available all the time to safeguard the 
personnel working in .-lucli a laboratoi v 
Plutonium compounds 

A considerable amount c^f inkirma 
tif»n has been obtained on the various 
t on^prjunds of plutonium in a relalively 
short time after the discovery oi the 
element The metallic plutonium is 
'grev' in cok^ur and pyrophoric in 
nature It forms carbide, nitride and 
oxide and hydride The stoichiometry 
of the binary compounds are difficult 
to maintain and mostly results in the 
uon-inlegral ratio likePuH 2 47 Pu H^ ^ 
or so Of course solid compoiihds, 
plutonium carbide and oxide particu¬ 
larly, are important for their use as 
reactor fuel 
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Uses of plutonium 

' In various research programmes of 
physics and chemistry, a low flux 
neutrorr source is required Such a 
suurce can be prepared from plutonium 
cind beryllium and is known as (Pu Be) 
neutron source. The source is encap¬ 
sulated to permit handling in 

3 ^ratories without danger of radio- 
iv/e contamination Such a source 
can easily give W to 10 ^ neutrons per 
second 

Today, the horizon of synthetic 
elements is greatly extended due to the 
use of plutonium or other elements 
derived from il Thus when PU 242 
bombaided with "'’Ne by a high energy 
particle accelerator, element No. 104 
IS produced. Similarly, by bombarding 
Amerecium with neon Nielsbohrium, 
No 105 IS produced These synthetic 
elements are also known as 5 f 
elements Their chemistry and nuclear 
pioperties are of significance to 
chemistry m general and nuclear 
structure m particular 

In India very recently a variable 
energy cyclotron has been installed in 
Calcutta where the facility to bombard 
suitable target material with energetic 
alpha particles (up to 80 MeV) is 
available for doing research in nuclear 
physics and chemistry, radiation 
chemistry and material sciences 
Thougli a nuclear p^AA/er station with 
plutonium fuel (PuQ?) or mixed oxide 
fuel (mixed with UOi?) is not yel 
popular as it needs various techn 
ological developments, such efforts 
are being made in USA, Japan, some 
European countries, and perhaps in 
India too 


Because it is highly 
toxic and also catches 
fire in air, plutonium 
work cannot be done in 
a conventional chemical 
laboratory. It is carried 
out in specially made 
steel boxes called glove 
boxes 



Lai Bahadur Shasiri unueiling the plaque at the inauguration 
of the plutonium plant 


The solution chemistry of pluto 
mum IS rather unique It has the five 
distinct oxidation stales from fll to V/II 
(«ilkaline medium only) Of these, foui 
oxidation states c an exist m equili 
brium in solution, which make Ifw 
chemistry of plutonium both eru hant 
ing and complicated These oxidation 
states in solution have then i hara 
cteristic colours which again depend 
on the concentration of the parlicular 
ion. The most important compounds 
of plutonium are plutmiyl nitiate and 
plutonium nitrate crliich are en 
countered m fuel reprocessing 
For plutonium metalluigy piutcmiuni 
hexa fluoride (PuFJ is imi^ortani and 
the preparation and properties of this 
compound have been well studied 
Auto radioiysis 

Because of the emission of <v 
particle radiation tiom plutonium it 
may also involve nsscKiated radiation 
chemistiy It has been estimated that 


»,U 

fiom Pu dboui 1 4 ■ l()^n particles 
are emitted per minute per milligram 
me of plutonium Theiettjre gramme 
quantity of plutonium in one litre of 
solufion will cause significant radiation 
chemistry T his aspet t i*: quite impor¬ 
tant 111 plutonium re processincj with 
respect to the radialir)n damage of 
organic solvents both by fissic^n 
products and plutonium 
Plutonium in nature 

Stnc lly speaking, plutr-nium (Pu } 
though a synthetic element, ran be 
found associated with uranium 
mineral Eiul the amount is only sym 
bolic II IS produc ed in rialur e under the 
effect of natural neutrons which are 
emittc’d mostly by the interaction of 
alpha riarticlc's with uranium [j 

Or Bhatlacharyya is with the Chemistrv 
Division at the Bhabha Atomic Rebearch 
Centre, Bombay He was earlier Professor 
uf Chemistry in the Regional Engineering 
College, Silchor, Assam 
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Britain, Australia and France are able 
to arrange “wombs on hire” for fees of 
$18,000 to $25,000 
But suppose the children die after 
birth; who inherits their Icgacy—The 
surrogate mother'*^ The Doctors? Or 
the Stated And if the doctors decide 
not to thaw the embryos, can they be 
compelled by the Court*? The questions 
are without precedent How diffiilult it 
IS to resolve them can be seen from the 
response received by an Australian 
TV station that telecast the dilemma 
9,000 calls came from people who 
were in favour of destroying the 
embryos However, 7,000 others 
pleaded for their “life" 

While the controversy rages on in 
Australia, the issue has already been 
“settled” in Great Britain The War- 
nock Committee, set two years ago to 
grapple with just such questions, says 
in Its recently published report (June 
1984) that “embryos not in iitero at the 
death of the genetic father should be 
disregarded for the purpose of inheri¬ 
tance and succession” 

The report also says that there 
should be no rights of ownership in 
embryos but only a “right to use and 
disposal” This should to the 

survivor if one of the genetic parents 
should die and to the storing authority 
if both die In default of agreement 
between genetic parents the storage 
authoritv would again step in In any 
case, frozen embryos should not be 
stored for more than ten years 

The committee wants the practice 
of AID (artificial insemination by 
donor), in ni/ro fertilisation and 
embryo donation \u be supervised by 
a new licensing body, one with a 
substantial lay representation and a 
lay chairman The committee retom 
mends the banning of surrogate 
pregnancy, with criminal prosecution 
of violators And most controver sial of 
all. It allows researc h on embryos, but 
only during the first 14 days the 
embryo’s life However, the tampered 
embryo cannot be implanted into a 
woman or another animal The kind of 
research to be allowed is to be decided 
by the licensing body 
The WOTnock report has been 



generally welcomed (except by religi 
ous and other groups like I If'C) for its 
temperate views As the “News and 
Views" column in Nature says “By 
putting the most perplexing future 
uses of in i>i/rofertilisation and embryo 
transfer m an orderly framework, the 
committee has helped to make the 
techniques themselves seem reasem 
able " 

Yet, one cannot ignore the “Janus 
fared” nature of reseait h on human 
embryos (the Roman god of do 9 rs 
and gates, Janus js represented with a 
double face -one in front and one 
bt»hind) On one side is the bright face 
with its door to utcipia and advance 
On the other i-> the dark one which 
descends into the chamber ot “con 
rentr.ition camp horrors” 

“We are being brought to the brink 
cif something almost like the atomic 
bomb The potentiality of what can be 
done IS quite horrific,” says Sir John 
Peel, a former gynaecologist to the 


Queen of England and a past President 
of the Royal College of Obstetricians 
and Gynaecologists and the British 
Medical Association “I must say that I 
have deplored the way in which my 
profession is prepared to shrug off its 
ethical and moral responsibilities 
they are totally disregarding the 
effects ot producing children in these 
artificial ways to satisfy the wishes of 
an individual or an individual couple, 
and with precious little thought to 
what IS.going to happen to the child or 
the children ” 

Thai question is most crucial Hc^w 
safe are these new-fangled methods 
and what fiappens when a child born 
out of these turns out to be 
handicapped or “defective” m ways as 
yet unknown'-^ Any attempt to answer 
the question (without abandoning IVF) 
results in a Catch-22 situation The 
entire IVF process depends on rese¬ 
arch And if the technique is to be 
widely used, as it will be, you 
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The suggestion that men will some day be able to 
“deliver” their own babies, was made by the Head of 
Fundamental Genetics at University of Paris, Prof. Jerome 
Lejeune last year 


need far more intensive research! 

In the arguments so far, the tacit 
assumption has been that IV/F is only 
going to be used on childless couples 
What if fertile couples want it too^ Will 
that mark the decline of the so-called 
natural order (and that includes sexual 
intercourse') 

Indeed, the earliest and strongest 
' Objections to even limited use of IVF 
came from within Christian traditions 
committed to the indivisibility of 
sexual union and reproduction On 
the other hand, lesbians welcome the 
separation of the act ol love making 
from that of procreation They feel 
they are able to exercise greater 
control over their destinies with the 
help of techniques like artificial 
insemination and IVF 

Some people fear the “debasement” 
of the process of child-bearing with 
overtones that are decidedly “deter¬ 
ministic or Orwellian” They worry 
about a “Brave New World” in which 
womb-leasing has been replaced by 
womb requisition' Says Lady Lothian, 
President of the Order of Christian 
Unity, “If these techniques had been 
available during the Nazi regime, 
Jewish women in concentration camps 
would have been forced to carry 
‘pure bred’ Aryan embryos to be 
children of the Third Reich ” 

To this eugenic nightmare one 
could add a number of other nasty 
tricks—prtogenesis, for example This 
lefers to the growth of the complete 
baby outside the womb The suggest 
ion that men will some day be able to 
“deliver” their owi babies, was made 
by the Head of Fundamental Genetics 
at University of Pans, Prof Jerome 
Lejeune last year According to the 
learned Professor, one does not 
aitiially need a womb to “grow” a 
b«.iJ y A healthy placenta and a supply 
of ihe proper nutrient and othei fluids 
IS y x)d enough' 

III togenesis opens the pc'.ssibility o( 
“foetus factories” Thei^e would es¬ 
sentially be “womb warrens” i burning 
out spare parts tor transplants 
Tissues from aborted fetuses are 
already in use, for instance, children 
born without- the thymus gland who 


would othewise die. can miw he Scived 
with thymus tissue grafts 

One can also envisage “android 
assembly lines” These would turn out 
cloned, look-alike individuals with 
“socially desirable” characferistics 
The techniques for cloning are already 
available All you have to do is to divide 
the fertilised egg at the 8 10 cell stage 
Doctors would like to implant one half 
into the womb where it would grow 
back (juickly to compensate for the 
loss of itsdoppelganger. Theotherhalf 
could be used for tests and checks for 
genetic defects Both halves < ould be 
implanted into surrogate wcin>bs, 
however The process has already 
produced l^ealthy lambs that can be 
seen gamboling on the lawns of the 
Institute of Animal Physiology at 
Cambridge 

The assumption behind these chil 
ling scenarios is that embryos aie 
nothing hut biological putty—to be 
moulded and improved upon into 
superior products As opposed to 
such dehumanisation is the view that 
fertilised ova are actual, not potential, 
people And that embryos deserve full 
human rights Either way, they aie 
quite helpless and cannot possibly 
have a say in the decisions regarding 
their welfare 

The way out of such a moral morass 
IS not only to regulate the piocedures 
stringently but also to make the 
consent of the parents a pre requisite 
But that still does not extinguish the 
potential for abuse You have only to 
substitute the State (or Big Brother) m 
the place of parents 

Ironically but unremarkably, in the 
US, It IS not the “Totalitarian” aspect 
but the “Capitalistic” side of the 
embryo transfer “business” that is 
being fought out ig the courts The 
matter arose from an attempt by a 
Chicago based company. Fertility and 
Cjenehcs Research (FKCi) to patent 
a i>rocess along with certain instru 
ments they had develotvd lor embryo 
transfer FRG also planned to set up 
a nation-wide computer database to 
streamline the synchronising of donors 
and recipients on a purely commercial 
basis It was to be backed up by a city 


to-city air courier servue that would 
draw on a “stocK” of frozen embryos. 
FRG has been challenged in the 
courts by Jeremy Rifkin, President of 
the Foundation for F.conomic Trends, 
Washington and author of the best 
selling A/ijeny His grounds patenting 
etc reduces the process of human 
reproduction to a commercialised 
product to be bought and sold in the 
marketplace 

How relevant is this debate for a 
country like India which is expected to 
bee ome the world’s most populous 
nation with 1 5 billion souls by the year 
2025'-' Some <^f our chauvinists have 
already devised a far simple solution to 
infertility instead of getting a donation 
of egg nr an embryo for their wives 
they would rather get themselves 
brand new spouses' But jokes apart, 
the pressure to beget, a son esepcially, 
is far more intense m India The 
answer, however, is not the enorm¬ 
ously expensive and technologic.ally 
complex IVF^process - not at least (or 
the average Indian (Cheaper methods 
of gender rigging arc being developed 
But these are for use in scicening 
individuals who may inherit diseases 
earned by a sex chromosome They 
could be used for reasons scx'ial and 
economic In an editorial commenting 
on a document. Human Procreation, 
by a committee under Dr G R 
Dunslari, Nature “Why draw the 
line at gender-rigging'*^ A farming 
familv of a dozen daughters and no 
sons rri.iv be as seriously handicapped 
as one that is infertile So why not 
acknowledge that physicians should 
be encouraged to offer even such a 
service if there are s/rong grounds for 
hcheuing that the results ukiuIo be 
soriallv beneficial ” (italics added) 

We in India should be on guard to 
see that, Indian women are not mc^de 
to bear children conceived abroad 
because of the proposed ban on 
sur rrjgale niot herf lood A few yeijrs ago 
the proper place for such an idea 
would have been dystopian fiction 
Not anymore It only shows h(3W far 
afield the horse has gone Our 
Victorian society has a lot (jf chasing 
ahead q 
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OR centuries the world thought 
that the Sun wen! round the 
Earth, till Copernicus showed 
that It was really the other way 
around Computer science too has 
witnesed a similar reversal of roles as 
regards programs and data 
So far, we have assumed a program 
to be a sequence of instructions each 
instruction is executed using the input 
data supplied After execution the 
output data is generated Indeed, thi;* 
was the only way of Icjoking at 
programs till iht sixties The Coper 
mean revolution (jf computer science 
occurred with this idea 

Imagine a vast repository of data in 
piles and piles Think of a [irogram as a 
small buq hovering on it It settles on 
some parfK ular data item, modifies it 
and takes off Instead of data flowing 
through .rrtions and getting tionsfor 
med thereby, we can have artitins 
parsing thrmigh data and niodifymq it 
The DATABASE THEORY is founded 
on this idea 

What are the implications of such a 
reversal It forces us to think of data in 
the following terms 

*Data should he described in a 
^ precise* manner and als(j 
grouped in a logically meaningful 
wav 

*AII the properties salished by 
the data, that is, the rt /u/ions 
true about the data, lo be 
precisely specified 
*The cis-siirnp/ions made by the 
ptcigram about ihi. nature and 
trrganisations of the data to be 
explicitly slated 

* We need, lastiv, ways by which a 
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program can locate particular 
data items from the pile for 
modification or use 

Of course, these problems had 
always existed and scientists had 
offcied many solutions before 
databases were formulated The con 
ventional approach was to design file 
monagernen/ sysferns 

File systems 

Earlier (Science Today* April 1984), 
we had studied elementary notions 
about files A file contcjins records 
which have fields, each field being one 
Item of data Let us take an example 
ar^d explain some terminology 

Fig 1 shows entries, which are 
intended to be the arnval and 
departure timings of various trains at a 
parlii ular station The first entiy Says 
that the Jammu Taw'i Express arrives 
at Surat at 00 05 hours and leaves at 
00 15 hours The second indicates that 
Flying Ram I is a tiain which staits 
from Surat' at 05 40 houi s, while the 
third shows that Surat is the terminus 
for Flying Ram 2, 

These entries are called in stance^ s of 
a record /yp^^ a record type simply 
names the at tributes and the instances 
are the values In Fig 2, we cari see 
that the file tvpc STATION has thiee 
fjcjssible record'types Sura! is an 
instance cjf STATION, while TRAIN 
NAME IS the type, of which Flying Rani 
I IS an mst.inc' 

We can think of othei instances of 
STATION, like Pune, Bombay etc, 
and have various files for various 
stations All these files together form a 
file svsfem, which ccontains data about 


passenger train traffic in the whole of 
Western India 

Well, what is the idea of having such 
a system*^ What do we do with all this 
data^ 

The answer lies in the application 
for which the data is used In other 
words, we can answer queries about 
the data in the system For example, 
for the query “What are all the trains 
that have Surat as arrival terminus*^” 
the answer is obtained as fc)llows 
“find the instance of STAMON ■ 
Surat, for each instance of record-type 
ARRIVAL TERMINUS cJo i)rint 
TRAIN NAME” 

We have just written the application 
program fcjr the query above, in 
reality, the pnjgram would be written 
in some programming language 

Suppose we have ancither query 
“Give the ccjmplete sc hedule of Flying 
Rani 1” 

Now we have to look at all 
STATION instances and extract any 
entries we may have for Flying Rani 1 
That’s not enough, we have to order 
these results rhroncilogically before 
presenting them as the schedule In 
effect, we create another file with 
types as given in Fig 3 Any instance of 
such a file will have 

*the first entry of type 
DEPARTURE TERMINUS 
*lhe last entry of type ARRIVAL- 
TERMINUS 

* intermediate entries, if any, of 
type PASSING 

We would also like to ensure that 
*in any instance of PASSING, 
the departure lime is always 
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SURAT 


Jammu-Taw^x 

P 

an 

0005 

0015 

Flying Rani 



0540 


Flying Rani 

' 




2230 


Fi'i}. 1 Train timings for Sural 


qreater than or equal to the 
arrival time 

Thus, we have ciescnbed the data, 
specified relations between them and 
staled some assumptions about pos 
sible entries We have alstj assumed 
ways of locating instances and retrie¬ 
ving them 

In the discussion above, we assumed 
the existence of STATION instances 
and computed the TRAIN instances 
depicted in Fig 3 It is possible that we 
may store instances of both file types 
That IS, for each station we store 
informatum about passing, arriving 
and .departing trains and also for each 
tram, we have a file giving its route and 
timings through various stations In 
this case, we should ensure that 

*for the same instance of TRAIN 
and that of STATION, the 
departure times are identical in 
bt^th flies, similarly also ff»r 
arrival times 

Thus, when we have redutidani 
information (that is, the same data m 
many places), consistency or integrity 
cimstraihts are very importarit ^ 

far, we have only thought of datii 
‘lying around in piles’ In the case of 
TRAIN, we wanted the instances to be 
ordered by time In general, data can 
be organized in many ways This is to 
facilitate speedy access to data, and 
any partfculai organisation is chosen 
so that specific queries can be 
answered last For example, in the file 
STATION, we can store the data 
■ ordered by TRAIN-NAME This would 
help to obtain a fast answer to a query 
like 

"What time docs Flying Ram 2 


arrive at Surat'^" Special techniques 
like dictionary search (the way you 
search for a word in a dictionary) can 
be used to answer this query fast 
However, for a query like, 

"Which trains pass through Surat 
between 15 00 hours and 16 00 hours'^" 
we would like to store the data 
arranged by time The point to be 
understood is this 
-When the program uses the fact 
that data is organised in a particular 
way. It IS possible to have bettei 
performance 

Another example where different 
organisations of the same data helps 


There has been a 
Copernican revolution in 
computer science as 
regards programs and 
data 


search tan be found in the way we 
locate information in books In a luiok, 
the table of contents is comep/ua/Zv 
ordered, so we umsult it when we 
know something about what we are 
looking for, but not the precise ti-rm 
On the contrary, the index at the end 
of the book is (jrdeied alphubetn ally. 
so we use it when we know the term, 
but want to find v)ul more about it 
This IS not always satisfactory If, for 
some reason, we decide to rearrange 
the data, all the programs which work 
on that data would have to be 
rewritten This characteristic is called 


dula dcpendern y One solution is to 
introduce further redundancy we can 
have many copies of the same tile, 
each one having data arranged in a « 
different way corresponding to a 
piograrn answering a query In our 
example, we woufd have two STA HON 
fields, one arranged by STATION 
NAMF and another by time 

Redundancy leads to problems for 
two reasons 

As the nUmlier of fields increases, 
the number of ways of arranging 
the data vastly increases and for 
large amounts of data, this would 
require huge amounts of data 
storage aiea 

The more serious problem is to 
ensure integrity All the files 
should have identical information 
So far we talked only about data 
re/rieL‘o/ and this problem never 
arose 

The complications aiise when we 
tonsidei programs which modify the 
data 

To consider this m detail, let us ex¬ 
pand our example Iii big 4. weii.tro 
diice an additional file, whic h contains 
inlorm.iiion about the availability 
of seats in trains We have greatly 
simplified the situancm, as an exercise, 
the reader can try rnerre realistic ways 
of describing the SEATS file including 
details like berths, corner seats, 
first'second class. 2-Tier'3 Tier etc 
Also, our representation is grossly 
inefficient Tram names, coach 
numbers etc, are extensively duplica 
ted We will refine this definition later 
on 
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used to mark the dots either horizontally, 
vertically or diagonally to make the figures 
perfect Perfect drawings in chalk have an 
added beauty when colours are filled For 
free-hand rangoli, an axis of symmetry 
must be taken 

The selection of colours is very 
important in rangoli Either allied colours 
or contrast colours must be used Use of 
too much of dark, dull colours like grey, 
blue or green is depressive A cheerful 
atmosphere should be created by the use 
of bright colours such as red, yellow or 
orange Conversely, dark and deep 
colours like grey, black and blue give depth 
and if used s^varingly give a three- 
dimensional effect The spreading of , 
colours can be even if dusted through a 
metal tea strainer This gives a thin layer 
and imparts the effect of a painting, 
piarticularly when one is doing a landscape 

Simple aids are often used to make 
extremely symmetrical and beautiful 
rungoli Traditionally, Maharashtrians and 
Parsis have always used metallic box like 
containeis (scirhiya), then bases pierced 
with holes arranged in different designs to 
decorate tlieir portals Ha id paiier designs 
are also at times used for rcingoii 
Tamilians use long, narrow wooden 
cylinders studded with holes in varied 
patterns Tt^ese containers are filled with 
white powder and then pressed hard on 
the floor surface to achieve a design 
Colours aie filled later on, either with hand 
or with small, metallic boxes with holes 
These aids ensuie fast reproducibility and 
perfect symmetry of designs 

Most of these colours are made from 
dyes and chemicals Some of them are 
organic dyes which are harmless But 
those made from oxides, sue h as red oxide 
of mercury and lead oxide, are not 
desirable Constant use and inhalation of 
these colour dusts may prove harmful to 
the lungs There may not be any health 
hazard when the use is limited But even 
then It IS better to use organic dyes and 


prepare the colours at home. This is safe as 
well as economical The colours can be 
filled in according to the predetermined 
pattern One must draw the design on 
paper well in advance, colour it with felt 
pens and after ascertaining the best effect 
make the colours accordingly 
Rangoli has no written rules and the 
technique has been handed down through 
generations It is a traditional folk art and it 
IS very hard to trace its origin Perhaps it all 
started when a sense of beauty evolved in 
the human mind It must have been the 
cave women who first used this method to 
decorate their grottos Some of the cave 
paintings have sketches and designs which 
could be termed some form of rangoli 
Act ording to B P Bayari. an authority on 
rangoli who has published a series of 
books to popularise this art, Sanskrit 
works like Tilakamban and Kadambari 
have vivid descriptions of rangoli and the 
Rcimayana also refers to this art in various 
contexts For instance, while describing 
the cities, these works refer to the 
elaborate rangoli designs drawn by the 
citizens In Jam literature, the episode 
selection of the Prathamunui/oga make a 
mention of this art Bayan says that the 
epics of Jams also refer to this skill 
With passage of time rangoli as an art 
has undergone several changes People 
have started using new media such as 
grams, flowers, fruits and even vegetables 
to match different occasions Etching in 
rangoli is again a new technique. It involves 
spreading of dry powder evenly and 
etching out patterns on it with the head of a 
matchstick However, m this jet age and 
with the advent of plastic ready-made 
stickers, this a is fast dying 
Just as music and dance have taken 
vaned forms m different parts of India* 
rangoli too has manifested itself in various 
forms in keeping with the environment, 
social milieu and cultural ethos of the 
particular part of the country While in 
western India it takes an extremely 


colourful form, with special emphasis on 
geometrical designs, in Bengal, where it is 
known as alpana it is drawn with wet, 
white liquid which is soaked rice ground 
finely. In the southern states, rangofi made 
with diy white powder is found in nearly 
every home Cdour is rarely used Kerala 
has special occasion in Onam when 
rangofi with colourful flowers is made. The 
art IS very much alive in villages of the 
north India where walls, rather than flooirs 
are traditionally painted with different 
designs 

Different colours are made by mixing 
colourful dyes to the base of chalk, marble 
or rice powder There are three methods 
of making these colours at home, which 
are cheaper and brighter The first method 
is to mix dry lac colours with marble 
powder This is easy and has certain 
advantages—a number of shades of the 
same hue are obtained by mixing more 
colour or marble powder But the colour 
so made is not bri^t The second method 
js the best Here we nmx organic dyes 
which are used to dye our clothes—not the 
permanent dyes but the *kuccha' ones 
easily available in market This dye should 
be mixed in water and rubbed in 
thoroughly in dry nee powder till it is fully 
absorbed and then the material dried in the 
sun We can use old, broken rice for this 
The rice should be washed and dried and 
then ground Half a teaspoon of the dye 
mixed in a tablespoon of water will be 
sufficient for one kilo of rice powder There 
IS, however, no hard and fast rule for this 
mixing—it depends on the shade one 
wants Besides being economical, this 
method gives the most brilliant colours, 
ranging from bright orange to the deepest 
purple and from turquoise blue to parrot 
green Two precautions. Never mix the 
dye and powder without wearing gloves, 
and do not store the mixed powder until it 
is bone dry The mixture should be filtered 
through a fine sieve to get a uniform 
texture Such texture is needed to draw 
thin lines or to spread evenly There should 
be no moisture in the mixture, and the 
material must be preserved in airtight 
containers. The third method involves 
mixing of sand with colour *kumkum' But 
this IS good only in the case of dark 
colours Apart from these, turmeric 
powder (haldi), holi gulal and dried coffee 
powder taken out after use from the 
percolator or filter, can also be used. 

Rajalakshmi Bhupal 

Mrs Bhupal teaches rdngph at Delhi 
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HERE fire sections of popultiiion 
thc\l think fill thdt is old is qold and 
helieee that tollowinq age old 
c nstoms. in some wav. is good for 
! heir health and well being Thev are so firm 
in then Ivlief that they will nevei give up 
the i*rn< tice*^ even in the (ace of most 
.ici' ersiM niiflihons They file thus l redited 
uith hi*ing responsible fcjr piescrviriq the 
I ulture and tradition in a soi leMy 

On rile ulhei extreme is the groufi of 
Si leirjf'- minded v'f’nnq men They 
I oividi'i even thing old and traditional as 
being worth only lor the dustbins ol 
hisioiv; I liey rno< k at the piotagonists of 
tradition as old lashioned “sticks in the 
mud” will* iiri’ slaves of orthodt>xv 
They believe, that the age old i ustoms arc 
meaningless and pin then faith solely in 
modern methods of medicine for full vigour 
of then health 

Where dues the tiiilh lie’ Many 
liarktional met herds have been fotmed ou* 
of persrrnal expeiieme that has iirFivcd 
benelirial to the body and mind over the 
lentunes, wheieas modern medicine is 
based rin the experimental method 
experiment, observation and deduction 
Yet very raiely have the mociern method > 
of research been used to verify the tLiirns 
of the ancient traditions 

However, now and then a research 
worker observes, either independently or 
in the course of hi.s main enquiry, an effet t 
of great physiological importance produced 
hy prat tice ol an agi^ old custom The 
observation that pulling or twisting the 
pinna ol the external ear induces the 


urinary reflex in c hildren. may be quoted 
as an exarnfile to prove the |X3int 

The sacred thread and urination 

It IS an age old custom among a c lass of 
Hindus to weal a sacred thread oc'er the 
shoulder and tcj wind it around the pinna of 
•he eai piior to sitting for urindtmn Di 
Sdksena of die Middlesex Ffispital in 
l‘nqland, revealed at thi International 
Conference ol Rediiitrir lari'- held in New 
Delhi in Octohei l‘J'.7 that squee/mg the 
external rsir int hililien inHiiiVs the urmarc 
reflex lliroiigh stimulation of tiie tenth 
I ranial neive He surprised the audience 
hy tiirther remarking that he c one eived the 
ide.i 111 this reMex horn an age <iid prac lu e 
Inllowed hy lerlalri people m Iiuliii. of 
S(iuee/iiig the exteina! c'ar with the sai led 
thread .it the lime ol urination It is 
intc-'resting to point out that t hildren 
invariably wet then i lolhi*'* when thi*ir 
teacher tmnehe' them by pulling Their 
ears 

Cow dung and vitamin B-12 

Smearing floors anc^ walls of lhati bed 
hu^s with a paste made out of cow dung is 
another well known ani lei^t Indian custom 
When the paste dries ufj. the surface 
becomes ha^ci, unifcirmly even and 
presents a clean appearanc e Many people 
c'onsider this practice to he unhygienic and 
aesthetically bad, as ii involves direct 
handling of animal excreta 

However, there is a medic:dl cate h to this 
practice It is now fully established that the 
dll-imporiant vatimin B 12 is synthesised in 


the intestines and is excreted in the faeces 
Fresh cow dung contains large amounts of 
this vitamin Vitamin B 12 is essential for 
maintaining normal health and a .small 
quality is required to be taken each day 
DefK'iency of this vitamin produces 
pernicious type of anaemia It is interesting 
to note (hat in Ayurvedic medicine a small 
quantity of fresh < ow dung is prescribed to 
be takem in a pill form coated with jaggery 
for this disease 

It IS obvious (hat folks who smear their 
house floors and walls with cow dung 
carry microscopic quantities of it on their 
hands and in nail beds It is likely that they 
swallow this matter and unknowingly gel 
small doses of vitamin B 12, which is st/ 
essential for maintaining normal health 

The stigma attached to the practice of 
smearing houses with cow dung is 
losing ground More and more use i** 
being made of I he animal waste tor bio gas 
prcxfuction Some people consider fre.shly 
voided urine as ‘stc^ril"’ and use it for auto 
iherapy .Joseph Needham in the Cam 
bridge History o/ Science in China reveals 
how the Chinese anticipated the modern 
discovery of valuable biologically useful 
compounds by t|kis method 

It may he pointed out here that in young 
children, however much care you may 
fake hy way of using self absorbing pads 
or othei means the contact of then 
faeces with their own skin cannot be 
.ivoideci Some immunrilogists consider 
this ((intact essential for the good ln’alth of 
the baby as, they say, it imparts a mini 
immunity to the hexly at^ainst its own 
mat for 

Headgear and sun-stroke 

India IS a Itopic al c ountiy The >unishot 
anti bright in summer, bun strokes are 
sure to fjccur if pioper (are is not taktm hy 
individuals The most etfei five single 
protective' measure against sun strokes is 
to cover the head .md the spine and avoid 
direr i exposure to sunlight 

li IS again an age old tradition, as it the 
ancestors had full knowledge of the 
imjxirtani jiiotc^c tivc' measure .igamst sun 
strokes, to wear some sort of a head gear 
while going out in the open or while 
working in the field Often an end of the 
head c^ear is pulled out over the back and 
the spinal column is thus covered Old 
traditions ate dying down in cities but 
persist in lural areas Wearing traditional 
Head-Gear is still proudly practised by the 
villagers, without knowing how immensely 
useful It is for them in their open air life 
Confinued on page 63 
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HE lotus post^ or P.jdmris/inci 
rtdopled hy Indicin yoqis and seers 
likt the Buddha, is one of the most 
widely known postures on earth 
Now Pfidmasana has been performed in 
outei space, thanks to Rakesh Sharrna, 
India's first astronaut Durinq the joint 
Soviet Indiari pare mission aboard Soyuz 

7 1 11, the 34 year .jld, Indi.in Air fem e pilot 
turned astronaut Sharrna studied the 
possibility and effectiveness of the yoqic 
exerc ises to prevent adverse effects 
Wlien the Indian rosmoiidut performed 
these exeriises other crew memhl'rs 
stuclw'd the activity of his body rnustles 
and analysed the hio methanKal n qirnes 
of the wfjrk of various ijroups of mnsi les, 
the c ooidination abilities of the locomotor 
system .inn the etfect of fligh* fac tors on 
these abilities The joint Soviel-lndian 
space missiofi e arned out a lot of medic al 
experiments 

F<edistnbuli(in of blood in the organism, 
the ini reased drainage of sodium, pot as 
Slum and calcium salts from the body, 
weight loss, the shrinkage of muscles and 
the retarded reproduction of erythrocytes 
are all consequences of the adverse effect 
of zero gravity on man's organism, 


reducing Its ‘inbuilt safety" Scientific sub 
slantiation of the methods of j^reventinci 
these effects requires a thorough and dear 
understanding of the processes ofciirinq 
in the course of the adaptation ol the 
system to the (’nviionmenl without cjravi 
tat ion 

Scouts of zero gravity 

Medical and biuIoqKal iTivestifiatiCiiis 
featuiecJ in the programmes of the flic^hf ol 
most Wostnk, Voskhoef and Soyuz ships 
Soviet sc lenc e has cjuite a nunrher of yno 
neerinq ac hies.ements in this field I el us 
TCf all how the duration of man’s slay on 
Ixjard the Soviet or biting st.ilions grc'w ^fh. 
140, 17 * 1 , lK*i and 211 Hays Neverthelf^'‘S 
the principal iiniilalion Jcjr increasing the 
stay of ccismonauis in orljit is still .issoc i 
ated not witfi tec hnn al fac ilities hut with 
the ability of man’s organi^'in to tid.ipt first 
to weightlessness and then to the return to 
earth 

As many as 138 people of our planet 
have been tc- spac e so tar The aggregate 
time spent by cosmonauts in zero gravity 
adds up to aUiut ten years This is an 
impressive figure Much experience has 
been accumulated in the process and yet 
weightlessness remains a mystery in many 


respects There are still many "blank 
spots" and pending questions whose 
solution requires major efforts, new 
extensive statistical data, the develop 
merit of new methods and techniques to 
combat the negative imp«kcr of flight 
t.rctors and the continuous penetration 
into the sei'iets of zero giavity’s effeits 
The Soviet Indian crew have taken a new 
maioi step in this direction The princifjal 
objective of the crew’s prc»gramme of 
medical and hiolugiLal investigations was 
to study the performance of the cardio 
vascular system in the period of what is 
described as acute adaptation to weight 
lessness (the first seven days of the flight) 

It IS exactly during this yieriod that vesti 
bular disturbaru es and upsets in the c ircu 
lalion system reduce the c apac-ity to work 
hixause the increased intkiw of blood to 
the hcsid and chc\st aiea lakes plate with 
particular intensity 

Special equipment 

It should be noted that the Sti/yuf 7 
station can fx* Lom[)areii to Imlh a 
doctoi's chamber and a medical lahora 
toiy It haa wide ranging spec lal equip 
ments for regintering the fuiu trcins of 
various organs, instruments and nicantcns 
for the detailed study of the performance 
of the i ardiovasL ular system and iipplian 
CCS for invesfigalinq the vestibular system 
M.iny of the instruments rlesigned by 
Indian experts were quite important for 
the ultimate success of the programme 
Now, what pailKular mc'di* aland binlo 
gkal investigations were iiitluded in the 
programme of this mission'-* Fust of all, it is 
the vector experiment to study the bin- 
elec trie ac tivily and the phase strurtuie of 
the c aidiac c yc le and tfie ''olumesof blood 
c in Illation in the flight conditions with the 
use (jf the methods of elec I rex aidiogiaphy 
IIid kinetociudiogiaiihy 
I lec trijCcirdiogiaphy firovides data on 
sui h c aidia« lunctic.iis as automatism, ex 
I .tahilily I oiiHik tivity, the blood siifiply 
t undilions in the «.iidiai musi le and its 
rnelalMilism Kineto c arcliogiciphy i*^ the 
legistration ot liKal Icjw fiequency vibta 
tions in the rib c ago c aused by the merha 
mc.ll .ictivity (if the heart It helps obtain 
additional infcjimaliori about the phase 
structure of the iiirdiac cycle and about 
changes m the blood sujiply of the ventri 
clcs at various pencxls of cardiac activity, 
as well as evaluate in c Ic/Ser detail the com 
pensatory and adaptive rear tions of the 
circulation system 

Mechanics of zero gravity adaptation 
On the whole, the analysis ol the dyrra 
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mics of the heart’s bioelectnc activity at 
various stages of the space flight does not 
only help to promptly evaluate the func¬ 
tions of the cardiac muscle but also pro¬ 
vides data for the comprehensive appraisal 
of the effect of flight factors on the cosmo¬ 
naut's organism This allows experts to 
understand the the principal mechanics of 
man's adaptation to weightlessness. The 
appraisal and forecasting of the condition 
of the cardiovascular system in spaceflight 
conditions are also associated with the 
study of the force of cardiac contractions 
and of coordination in the work of the right 
and left sections of the heart. One of the 
noethods applicable for this task is ballisto¬ 
cardiography the registration of the 
body's micromovements related to cardiac 
activity. A special sensor called piezoacce- 
lerometer is used for this purpose It is 
consecutively fixed in all the three planes 
in vanous parts of the body. The experi¬ 
ment IS called baHisto 3 It yields data on 
the magnitude^ and spatial distribution of 
the energy of cardiac contractions and on 
the effect of the space-flight conditions on 
this distribution. 

Opros experiment 

The objective of the Opros (question¬ 
naire) experiment was to evaluate the 
effect of vanous stages of the flight on the 
psychological condition of the crew 
members This condition is analysed by 
using a special medico-psychological ques¬ 
tionnaire worked out by the Soviet and 
Polish experts and complemented by 
Indian specialists The questionnaire for¬ 
mulates five positions each of which has a 
corresponding mark on a five-point scale 
The cosmonaut chooses himself the mark 
which best suits his condition at the 
moment of the test His graded self- 
analysis IS used to study the characteristics 
of movements in zero gravity, the peculia¬ 
rities in the performance cf familiar opera 
tions and in the formation of new working 
knacks, the specific features about the 
appetite and sleep in space, the character 
of interaction between the crew members, 
the peculiarities of their communication 
and so on 

The Optokinex experiment provides 
data on the condition of the locomotor 
furKtion and on the peculiarities of vesti¬ 
bular-visual interaction in space-flight 
conditions. The results of these investi 
gations are very important for analysing 
the probable causes of the "locomotor 
disease" in space, for working out proper 
preventive measures and for issuing 
recommendations on the professional 



acitMty of cosmonauts in the course of 
visual observations 
Anketa experiment 
The Anketa (questionnaire 2) experi¬ 
ment was meant to .study vestibular distur¬ 
bances in flight and in the period of readap 
tation It is also used to find out the relation¬ 
ship between vestibular disturbances and 
the information obtained from the patient 
and others regarding his biomedical 
history (Anamnesis) It is a special list of 
questions, which the cosmonauts answer 
before, dunng and after the flight These 
specific question^help the crew members 
concentrate their attention on the 
dynamics of then sensations associated 
with the progress of the locomotor disease 
and figure out the relationship between 
their development and specific flight 
conditions and the nature of their activities 
The resultant data may be used to improve 
the screening and training of cosmonauts 
and to develop effective preventive means 
and measures against the locomotor 
disease 


The results of all these investigations will 
help obiectively evaluate the effect of 
spaceflight conditions on the functional 
state of the muscle system and of the loco 
motor mechanisms For the first time 
experts will obtain quantitative data on the 
performance of vanous groups of muscles 
in space in doing yoga exercises 
How can these medical experiments in 
space benefit us, people on the earth, who 
are not planning to go into spaced Here is 
just one example At least ten instruments 
specially designed for the flights of cosmo¬ 
nauts from the socialist countries under 
the Intercosmos programme have found 
application in general medicine, in diagnos¬ 
ing cardiovascular diseases, evaluating 
people's capacity to work and in clinical 
investigations 

Yuri Gordeyev 

Yuri Gordeypv is a Russian science journalisi 
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Other customs 

There are many other customs which have not been probed by 
the scientists. Investigations of these customs, if properly carried 
out, hold promise of a rich dividend and may contribute 
substantially towards-advancement of scientific knowledge 
Sleeping always with legs pointing towards the North is an 
interesting example. It is widely practised but no one knows why 
The mythological interpretation involves the direction ot the 
4^e of Yama the Lord of Death However interpretation of this 
^ r«'actice, with a little stretch of imagination in the field of physics, 
is exciting 

The human body contains iron and if all of it is collected in one 
place, it could be wrought into two brge nails It is a known fact 
that, if an iron rod or a nail is hung North South in the 
geomagnetic field for a long time, it automatically attains 
magnetic properties The question now arises, whether the 
promoters of the custom of sleeping with legs pointed towards 
the North, had the aim of developing a magnetic field for the 
human body? Study of the effects of a magnetically charged 
body,, however, fall in the field of what is now called 
magnetobiology. 

Magnetobiology involves measurement of extremely weak 
magnetic fields produced by the human body The strength of 
these fields is in the range of micro gauss (a gauss is the unit of 
measuring magnetism) and an elaborate magnetically-shielded 
chamber that reduces interference from external radiating 
sources is required for their assessment. The National Magnet 
Laboratory of the Massachussetts Institute of Technology in the 
United States has developed such a room and also a 
sensitive detector Squd (sufier conducting quantum interference 
device) Bu^ their work is still in infancy and nothing definite can 
be said about the biomagnetic field emanated by the human 
body 

Wearing a red mark, kumkum or tilak, on the forehead is yet 
another traditional Indian practice. It is now viewed as a cosmetic 
conceit The effects of this practice on the body and the mind are 
not known and need to be investigated However, the forehead is 
peculiar in many respects The skin over the forehead is very thin 
and lacks sympathetic type of nerve fibres The dilatation of 
blood vessels here is controlled solely by para-sympathetic 
nerves The dilatation of blood vessels of the substance of the 
brain is also under control of para sympathetic nerves which 
have a common ongin along with nerves of the skin on the 
forehead It is likely that stimulation of one end of the nerve fibre 
on the forehead elicits a reaction of the other end suggests an 
indirect control of blood vessels inside ef the brain The forehead 
IS also the seat of a Third eye’ in some animals 

Fasting and dieting on certain days of the week, fortnightly or 
for a month in a year, is a tradition The good effects of such a 
custom in reducing overweight is unquestionable These 
practices have religious importance and have not been evaluated 
by modern scientific methods However, it looks certain that, as 
the years roll*by and the knowledge of science advances, the role 
of more and more age-old customs in promoting positive health 
and preventing disease will come to be recognised 

P. Shanker Rao 

Dr. Rao was formerly Professor of Physiology at Gandhi Medical 
College, Hyderabad He is a PhD from the University of London 
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P AMELA Fernandes was worried 
Her husband, General Vishw^yit 
Fernandes, had still not returned 
from his morning walk Outside, 
in the verandah, Parikshit Bhasme had 
been waiting since an hour for him 
Although she had earlier made fun of her 
husband and his walk. Pamela was now 
worried enough to send a Gurkha orderly 
to look for the General But the guard 
watching the wasteland behind the 
bungalow shouted ''Memsaab... General 
-^-?lciur is coming...” 

rhank God!” Pamela sighed. “He is 
safe ” 

At breakfast Fernandes was ins usual 
self, full of bluff and bluster But Pamela 
could sense he was upset 
“You lost your way again, Darling?” 
“Oh, no.. Not at all,” the General 
smiled, “I hadn't lost it yesterday either, I 
am damn’d sure ” 

“1 walked very carefully to the basin But 
It was simply not there, believe me Pamela. 
It's just gone up into thin air!” 

He paused, sipped tea from his mug and 
looked thoughtfully out of the window 
Pamela’s cigarette glowed Parikshit was 
if quiet 

“1 was very cautious today, noted every 
single feature of the jungle that 1 know 
There is something strange going on As 1 
got dee|>er in the jungle, it grew thicker, as 
if the trees had moved closet There were 
some patches of grass But the plain was 
missingt In fact, at one point, the trees 
were so thick and close by that I could not 
get through, strange, Isn’t it"'^” 

Pamela looked concerned “Vish, are 
you sure^” 

“Nonsense, Darling, I am quite in full 
command of my mind and body ” 

“Then. how what could have 
h.tppened^” Pamela crushed the cigarette 
m the ash tray, held one hand over her 
throat to control herself and touched 
Fernandes’ hand with the other 
“Listen V/ish, let’s, inform the area 
army commander here, please gel him Jo 
send a squad of soldiers and find out ” 
General Fernandes gave a loud laugh 
"What's the use Nobody knows about this 
ground They will laugh at me .Oh, I 
forgot to mention one more thing, my boy 
As I approached what could have been the 
edge of the grassland, I felt a strange 
fragrance, very faint, but so marvellous 
and heady.. .out of the world As if it 
was coming from some heavenly presence 
there ” 

Pamela crossed herself 

“Well, Parikshit, you are quiet today." 


Parikshit was listening intently He 
leaned forward in the chair “Just a 
moment. General. Let me sec if I have 
understood you correctly,” he said “As 
you began going deeper in the forest, it 
became thicket, as if the trees had moved 
closer Right^” 

“Right ” 

“Good It became progressively thickei* 
as you went along, correct’ But there were 
some patches of grass perhaps long 
curved patches and on the edges of those 
patches the trees had moved closer still, 
the trees you can recognise and these you 
had not seen. Right’ 

“Correct . .But.. .but .My God . 
How do you know? 1 have not told this 
about those patches being long and 
elongated and inter-mixing of the trees 
how . how in the name of . ” 

General Fernandes fell silent Pankshil 
relaxed in his chair 

“Well, General .. "he bagan quietly, 
“You know, I told you I am a mathe¬ 
matician 1 mean time and space are my 
special subjects .. Well, I have made 
certain calculations, and, if, what I have 
deduced is correct then, well, what you are 
saying must be correct...” 

General Fernandes frowned, “What do 
you mean, boy, say it clearly ” 

“! mean, it is possible that the space 
Itself a^ the meadow may have vanished, 
become invisible .. 

“Nonsense Parikshit, you are a student 
of science How can you 
Pamela Fernandes was speechless She 
fiAund hei voice with great effort and said 
shakily . 

“What’s that, Parikshit. ’ Oh, I am so 

scared...” 

Parikshit lapsed into silence He stared 
at the empty plate before him Pamela lit 
another cigarette and puffed at it fuiunisly 
Then Parikshit began hesitantly 
“General, I have been studying the 
relationship between time and three 
dimensional space and the fourth 
dimension I thought over your problem 
since yesterday and tried some new 
mathematical formulae I shall explain 
Parikshit pulled out a small thin cotd 
from his pcK'kel, stretched it, pul it on the 
table and began “Now. Genetal. P<tmela 
imagine a tiny, two dimensional insect 
walking over this cord I jxit a blot of ink in 
the middle of the rope Imagine, this blot is 
the insect's home Now, here, I make a 
loop, the home is in the loop Remembei, 
the insect is two dim€n.sionai It has no 
concept of the third dimension Now I raise 
this loop up -in the third dimension The 


rest of the rope is on the table The poor 
two<limensional creature will walk straight 
on the rope It is baffled It doesn’t find its 
home For the poor insect, the home has 
vanished, as if by magic ” 

General Fernandes looked on skcpti 
cally Pamela stared wide-eyed and 
neglected her cigarette Parikshit pulled a 
rubber balloon from his pocket 

“Now let's take a three dimensional 
example " He blew into the balloon As it 
filled with air, he tied the balloon's mouth 
tightly He wet his thumb wit h ink and drew 
a dark circle with it on the inflated balloon. 
Parikshit twisted the painted circle care 
fully, drew it away and tied it with another 
thread Now the balloon had a swollen boil 
over Itself 

“The dark circle here represents your 
grassland in the middle of the forest As in 
the case of the rope, I have made a loop 
here see “He said triumphantly 
“This IS the distortion of spac e I am talking 
about' We have looped out your pasture 
Now imagine this loop .this boil is 
extended into the fourth dimension... 
what will hapjsen .’ We poor three- 
dimensional creatures will not know where 
It has gone . We have no concept of the 
fourth dimension . For us, it has 
vanished. ” t 

General Fernandes and Pamela stared 
at him with disbelief 

“Now look carefully All of the painted 
blot has not gone over into the boil when 
we twisted the space Part of it has left 
elongated curved lines on the surface of 
the balloon I have not seen youi jungle and 
the grass basin. General But I think, if we 
look at It from sky. it should look like the 
curved line surface immediately below this 
boil like this.. " Parikshit quickly 

drew a small figure on the paper 

“Impossible “ Pamela ‘■aid in disbelief 
"Is It really possible Fernandes 

asked diffidently 

“If your observation is authentic. 
General, then this is what must have 
happened I have been trying to prove this 
phenomenon mathematicallv I have 
worked out those formulae myself...A 
theoretical possibility You have 
provided the ailual proof Now my 
request let’s first 

"Wait Wait . Parikshit . ." 

( eneral Fernandes said excitedly. .. “My 
Gcxl. wh 4 )t yr)u are saying if . if it 
IS correct Its very important, m’y 

boy... very significant . . For science.. 
for this world why, even for military 
purposes.. Imagine, a thing becoming 
invisible, fantastic .I know people. 


SCIENCE TODAY. OCTOBER 1984 65 




Pamela spread her hands indicating space ancfscud, 
‘*But...but...who has been twisting our space in the forest? 
Who...? 


We must inform somebody... the military 
.. the scientists_" 

“No sir,“ Parikshit said ‘Let’s first see 
for ourselves ^nd confirm Can you 
arrange a small two seater plane to fly over 
the forest...?” 

“Why not” Fernandes replied with 
enthusiasm “I am an honorary member of 
the flying club nearby Matter of fact, I 
discovered this basin flying over this 
forest.” 

“Let’s go then...” 

“Good, come, my boy... ”, Fernandes 
rose from his chair and patted Parikshit on 
the back.. “You know Pamy, this boy is a 
genius. Where did you learn all this, 
Parikshit^ Anyway, first let me ring up the 
flying club We shall have lunch and then 
we leave for the air strip.. 

“One moment," Pamela said with some 
hesitation, “1 have a question... Parikshit, 
you made the loop to that rope Then you 
yourself twisted that balloon,” Pamela 
spread both her hands indicating space 
and said, “But... but... who has been 
twisting our space here in the forest? 
Who...? 

Parikshit stared at his feet 

“I really don't know 1 can only make 
some guesses Can it be some natural 
quirk of events Or, has somebody 
mastered the technique of distorting the 
space...” 

Parikshit paused He had obviously 
something more to say. He looked out of 
the window into the blue sky for 
inspiration 

“Yes. It 15 possible Somebody may have 
mastered the technology ... someone here 
on this earth or may be it is some intelligent 
being from outside ” 

T he crew, the scientists, the robots and 
the laboratories aboard the spaceship 
were busy at their assigned tasks Deep 
probe teams had to be launched outside 
the invisibility field for seaVch and 
communication with intelligent beings on 
the host planet The planet had to be allow 
ed at least one revolution (for metabolical 
adjustments) before any expeditions could 
be undertaken Meanwhile, outside the 
ship under the cloak of invisibility young 
Viplavans were playing High jumps, long 
jumps, running games to test responses 
of the body in the new physical 
environment 

Meanwhile, groups of scientists pored 
over the films and data supplied by the 
computers The most important topic 
being discussed at the main table con¬ 
cerned life-pattern on the host planet At 


this table sat biologists headed by 
Professor Shandilya, a renowned authonty 
on the subject Shandilya was the high 
priest of Viplava's scientific community A 
large luminous forehead topped by a 
snow-white mane, a drooping white moust¬ 
ache, sparkling, penetrating eyes, a sharp 
elongated nose and a transluscent 
expression of universal piety and love 
which made any stranger bow and respect 
the man Hemaketu, as commander, had 
to be there though Kalpaksha was beside 
him 

Shandilya said, “Before going out we 
must review our data and observations 
Even within our dome and outside— they 
cannot see us from outside but we can see 
them—we have observed insects, qua¬ 
drupeds of various types, some of them 
akin to the species on Viplava We have 
seen birds too, flying around our dome 
But obviously, the animals we observed 
are not the ones we are looking for 1 guess, 
the intelligent being here, the one trying to 
master science and technology—as is 
evident from our observations, the 
satellites, you see—should be a biped, 
probably, a humanoid, may be different 
from us, but biped certainly...” 

“You seem to be pretty sure. Professor,” 
Dr Vidyasarang, the celebrated life- 
scientist, gently intervened In his own 
particular branch, Dr V/idyasarangwason 
par with Shandilya, although he 
could not evoke the awe and respect which 
Shandilya instantly drew among the 
Viplavans Perhaps Vidyasarang lacked 
that universal perspective and galactic 
understanding which made one truly 
great Viplavan society was devoid of 
class The hierarchical chain of command, 
so necessary for running an organised 
society, was notional—with each member 
having almost equal status And yet, as is 
wont in any society, personal rivalries and 
petty jealosies though in subtler degrees, 
were not unheard of 

“Well we agree that life forms evolve 
and advance and become more complex 
by a process of natural selection,” 
Vidyasarang argued “But remember, 
nature has many*choices at each stage of 
selection How can we presume that life 
here evolved on the lines of Viplava The 
intelligent being here could be a quadruped, 
why. even an ociaped It could as well be a 
winged creature or an amphibian.. .why 
not’ You see, three-fourths of this planet’s 
surface is covered by water “ 

“Dr Vidyasarang's doubts are well- 
founded,” said Shandilya, “But we have 
gone over this innumerable times. Evolu¬ 


tion of life on a planet depends on the 
character of that planet, its environment, 
geography and countless other physical 
and chemical factors Only that kind of life 
evolves and sustains and progresses whxrh 
can adopt to the environment. Nature is a 
rigid supervisor. Now we know that most 
factors of this planet are almost parallel to 
our Viplava and so it is safe to assume that 
advanced life forms here must also parallel 
ours Haven’t we found that the bacterial 
forms, the insects, the flying creatures^md 
the quadrupeds here to be akin to species 
on our Viplava’” 

Shandilya touched his white mane 
thoughfully and continued. “There is 
technology here, may be primitive 
Technology implies a developed brain 
And dll of you know that the development 
of the brain is connected with multiplicity 
and complexity of activities Thus, an 
intelligent creature must have something 

like hands with which it can_” 

“Professor. .Prof Shandilya... wait 
.Look'" Kalpaksha cried out ” “A living 
proof of your discourse'” 

A hush fell on the lawn outside 
Everybody looked in a particular direction 
with awe 

The forest was so thick that it was 
difficult to see beyond a few feet All the 
eyes in the dome were fixed on a small 
opening between two ironwood trees A 
curious figure stood at the base of the 
trunk Two legs and two hands, stuck out 
of the queer clothes it wore And it held a 
strange object in one hand 
“Yes. .yes... By Galaxy' . It’s a 
biped, no doubt,” Vidyasarang conceded 
magnanimously 

“Not merely a biped It's a humanoid, a 
being almost like us... Ah ., wish we 
could communicate with our home planet 
... ”, Shandilya sighed 
The figure had a curious-looking face - 
eyes, nose, mouth, ears and an ugly colour 
to the skin But it was human, no doubt 
Wtiy, one could even understand 
expre5.sion5 on its face It showed utter 
confusion It was unable to find a way 
among trees and looked lost Suddenly it 
x^nished and reappeared a few feel away 
It was thoughtful and observing the trees 
minutely 

“He 1 $ looking tor this place .. ” said a 
voice “Poor thing.. .it doesn’t know. .,” 
said another “But bok .Ah... it is 
coming...” a cry rose and all waited 
expectantly The figure came closer to the 
invisibility dome and it seemed determined 
to go ahead, perhaps in search of the lawn 
It IS a spectacular site when a biped 
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crosses invisibility dome The crew bad 
observed the birds and some quadrupeds 
crossing it But it's different when a biped <5 
involved 

The figure nearly touched the dome 
Then it raised its foot to cross the dome 
and instantly it soared skywards It almost 
covered the entire dome when it put its 
foot across it, and landed half a kilometre 
away That was the magic of invisibility 
dome People clapped and laughed The 
creature was obviously baffled even more 
than before 

“These things are probably unaware of 
distortion of space”, Vidyasarang obseri/ed 
dryly 

“We cant be sure,” mused Shandilya 
‘This human does not appear to be a 
scientist or a mathematician He may be a 
primitive even here Have you noticed his 
head’ His brain is developed May be 
others of his species are aware of the 
concept ” 

“Good, we could observe the humanoid 
before we set out on deep-probe mission" 
said Hemaketu 

“The thing loitered around for a while, 
wandering and stumbling in bafflement, 
looking keenly in all directions and then 
vanished back into the forest The briefing 
session for probe missions was to begin 
soon 

“Dnyanamagna looked upset when he 
approached Hemaketu * 

“This thing..he said cautiously, “call 
It man if you want I didn't like its coming 
here...” 

“Why’” 

“It seemed fairly intelligent We srs 
occupying a big grass ground and it was 
obviously looking for it I am sure it'll 
bring its people here to investigate It won't 
keep quiet Let's get away and park our 
ship somewhere else, Commander.” 

. Hemaketu smiled tolerantly, “Don't 
worry Dnyanamagna. What can it do’ It 
can't harm us, surely? We are comfortable 
here....” 


T he deep probe squads gathered for a 
thorough briefing This was a historic 
occasion Many of those present had 
visited several galaxies and probed scores 
of planets But this planet was unique 
There were humanoids here, intelligent 
beings The probers could barely contain 
thar excitement at the prospect of getting 
into this brave new world 
Professor Shandilya pressed a button 
Three-dimensional pictures of the Earth 
flickered to life on a large screen behind 
him 

“Friends” Shandilya began in an expies- 
sionless voice. “We are launching a 
momentous probe We are on a planet, 
almost our twin About 1500 light years 
from home Its the third planet of star 
X319 m our own galaxy In Viplava's sky, 
you can see this star in the southern 
hemisphere We can't see our Sun from 
here because we are in the northern 
hemisphere of this planet Probers feeling 
homesick may look for a Swastika-shaped 
constellation during their southern forays 
The lowermost star in the Swastika is our 
Sun ” 

A mild ripple of laughter went through 
the audience This part was for the 
freshers, an overwhelming majority, who 
had come so far away from home for the 
first time Viplava was a society linked with 
instant communication systems and to be 
so far away where you cannot commu 
nicate with your own people was rather 
likely to be disconcerting foi the new 
comers The veteransjaughed, naturally 
"Please don't laugh,” Shandilya 
continued “Let's reassure the younger 
ones Let not the burden of 1,500 light 
years weigh you down You know what 
micro travel and micro space means 
When we return back home, we shall have 
hardly spent a few days do not be 
afraid.” 

Sighs from freshers They all knew 
about micro-travel, about suspension of 
fluent time and space dunng that travel 


And yet that traumatic experience was 
upsetting Shandilya's soothing words 
calmed them 

Shandilya continued, “Our mam aim is 
probing the civilisation of the intelligent 
beings The probe shall examine their 
sciences and technologies as well as their 
socio-cultural-political milieu if we are 
satisfied we may even establish contact " 

During the bnefing, various images 
came onto the screen Scientists like 
Vidyasarang. Dnyanamagna, Spaceman 
like Hemaketu answered questions at the 
end of the briefing Shandilya said. 

"Never before has our civilisation come 
in contact with other human civilisation 
We have come here as friends We intend 
no harm to them We might learn 
something from them and if possible we 
might exchange our knowledge with 
them " 

Hemaketu explained the basic security 
rules 

•No living thing on this planet is to be 
harmed 

•Observe the reactions of the 
humans If they are panicky, sooth 
them or get away but don't cause 
alarm ^ 

•Use the force of invisibility most 
sparingly, as not to disturb local 
space on the planet 

• Use the language machine Try to 
understand if the human wants to 
communicate 


D nyanamagna looked worried when 
the panel of monitoring scientists 
entered the main control room 
“Hemaketu. I think we should get some 
additional data from outer space before we 
embark on the probe,” he said, "for 
safety's sake " 

“But we can't change our progiamme 
now,” Hemaketu said somewhat 
impatiently “Besides, we made enough 
observations before landing We have 
extensive films And what safety? We 
know, the planet is an ideal one Bacteria, 

atmosphere, oxygen.'' 

"Not that,” Dnyanamagna was thought¬ 
ful “I mean that humans.. the satellites, 
their technology, they worry me some¬ 
how. " 

“What of that The creature seemed 
perfectly harmless ” 

"Well, they have satellites They might 
have flying machines like ours loo. And 
when we go out, it could be dangerous '* 
"Oh, please don't worry,” Hemaketu 
smiled, “All our probers are well-briefed ” 
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“But if they cause some danger to 
us.. 

“1 do not understand... 

Dnyanamagna did not know how to 
explain. He said haltingly, “Well, I studied 
that human Studied his eyes and scanned 
his brain through remote sensors His 
brain has certain disturbing concepts 
difficult to comprehend For example, I 
thought if 1 confronted him at that 
moment, he might ha^/e panicked and in 
panic might have used that thing in his 
hand to do harm..." 

“I still fail to understand.. 

“I think I can understand," Shandilya was 
listening “You mean, Dnyanamagna, that 
this thing would react in a manner the 
primitive wild life forms on our plan et 
react, right?*’ 

"Right, It could kill It has violent 
inclinations.. 

“Impossible,'* Hemaketu’s eyes widened 
in disbelief "It is a human being, you 
see. 

'*Yes... yes... But we are on a different 
planet It has a vastly different technology, 
a vastly different evolution, its reactions 
could mu<;h more violent...” 

“Dnyanamagna has a pomt, Hemaketu,** 
said Shandilya "I understand you find it 
difficult to associate this concept with a 
devebped human But read history Pity, 
we stopped teaching our people the 
ancient history of V/iplava But 1 remember 
faintly There were certain words, war.. 
genocide, murder We don't find them in 
our dictionaries I had to consult ancient 
dictionaries in the arcIMi^s 
Galaxy their meanmgitJMiMenrible Do you 
know what war groups of 

humans attack eachwith intent to 
kill, kill with technologiealiiventions 

“By Universe! Unbelievable'” 

“One more point of ronLcrn," 
Dnyanamagna aaid, "Our space probe 
reveals a prohferation of fissionary pioces 
ses here They have nuclear energy 

“That’s fine," Hemaketu said, impatient 
to begin the mission "No need to worry " 

“But listen," Dnyanamagna said 
stubbornly “Apparently they have not put 
this technology to any use Our space tilms 
do not reveal any significant technological 
advance associated with nuclear energy 
Then what are they doing with this 
energy*^" 

“What, indeed^’’ Shandilya’s face was 
also clouded with concern 

“I guess, for destruction ” 

"Impossible'" Hemaketu smiled conti 
dently "No intelligent being can be so 
stupid and senseless This goes against 



the very concept of progress, doesn’t it? 1 
assure you Dnyanamagna, your guess is 
totally wrong Any way, we shall instruct 
our probers to observe radio silence till we 
recall them That will be a good enough 
safety measure Now come on... We 
must follow our schedule ’’ 

The walls of the large circular control 
room were covered with scores of video 
scieens Each screen was assigned to the 
probing globes now ready on the lawns to 
go out into the world However, for the first 
100 matras they were now to observe 
complete radio silence Each screen was 
linked with a computer which filmed all the 
observations of the squads, sifted the data 
and began instant analysis and classifica¬ 
tion At the centre of the hall was a circular 
table behind which sat the senior scientists 
facing the walls Each of them had master 
screens to reproduce images on any of the 
screens on the walls at the press of a 
button 

Excitement filled the control room The 
spherical globes were beiog tested The 
Sun was about to set on the horizon The 
forest threw long shadows on the lawns 
All systems were ready to go 

Some commotion outside and a voice on 
the speaker said, "Hemaketu, please 
monitor the screen hundred ” It showed a 
view of the sky from the ship's dome 
Hemaketu pressed the button for 
screen hundred A strange object was 
flying directly above the spaceship It was 
apparently a man made machine making 
an ear-shattering noise It seemed so crude 
and queer that many V/iplavans smiled 
"So, this IS their 'flying machine’ eh’" a 
remark was heard amid the excitement 

A ll doubts General Fernandes had 
about the state of his boily and mind 
were set at rest when his two-seater flew 
across the forest He was startled to find 
the forest below distorted exactly in the 
manner predicted by Parikshit this 


morning Beside him Pari'kshit was busy 
taking pictures with a camera... 

On landing they sent the film for 
processing and proceeded to Fernandes' 
bungalow by car. It was an hour’s drive and 
Fernandes was restless. 

"We must do something Oh God, 
Such a thing.. .can a thing vanish? Must 
do something " 

"Yes, we must" 

"But what? Look, Pankshit, I can ask the 
local commander to organise tank exer¬ 
cises and fire on that spot... Or, we shall 
inform the military intelligence, or, better 
still, the space research cent ... 

Pankshit looked at him in surprise 
“Don't do that ” The General was 
surprised by the cool authority in the boy's 
voice 

"Look. I would go to the Prime Minister, 
you know.. 

"No •’ 

"But then, this thing this terrible 
happening How can you remain 
silent. 

"Quiet, General 1 am working on the 
problem . " 

“Ha.. *’ General Fernandes hit the 
seat with a cle nched fist Pankshit said. 
"Look General. I am nearly certain that 
this space distortion is not a natural 
phenomenon It can't be. considering our 
orbital speed and the steady revolution 
round the Sun It seems to be the work of an 
alien power, some advanced technology 
Developed, may be by some intelligent 
extia terrestrials . do I sound mad . 

"Ha. " 

"But I cannot comprehend the techno¬ 
logy." Pankshit continued **1 am sure, we 
can 'prove' such a distortion mat he 
matically 1 have a plan of action But let me 
think hrst" 

P AMELA was pacing back and forth in 
the verandah with the ever present 
cigarette in her lips when the car slid into 
the porch She did not utter a word. 
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They ate the lunch in complete silence 
Fernandes nibbled at the food. Pamela 
didn't touch it And Parikshit was bst in 
deep thought as he chewed mechani¬ 
cally. .. 

Barely an hour after, when the sun 
struck the honzon, a mot or-cycle messen 
ger brought the prints of the photographs 
taken m the afternoon One picture 
exactly matched the figure drawn by 
Pankshit 

Pamela was speechless She again made 
'' I sign of the Cross The glowing tip of the 
cigarette almost scorched her fingers 
when she hastily threw it into the ash tray 
Shaking with apprehension, she looked at 
the forest from the window The sky above 
was rapidly graying And then she gaspefl 
Her eyes dilated fearfully “V/ish. 
Pankshit..." She gave a choking cry 
“Look. .Look... at that . there.. 

G eneral Fernandes* two seater flew 
at close range above the invisibility 
dome. It was easy to observe the machine 
and focus on the figures in it The scientists 
looked at their screens with curiosity and 
admiration 

Dnyanamagna said, “Foe us your screens 
on the figures within One of them is the 
one we saw this morning ” 

The machine vanished after c ircling over 
the dome for some time 
“Well, this fellow has some doubts 
Vidyasarang said 

"No use he can*t see us ” Hernaketu 
said 

"Did you observe the scc»ind figuie'-^" 
Dnyancimagna asked *‘l think he was more 
intelligent and developed Did 1 see 
compiehension in his eyes*^'* 

‘'Impossible,” Vidyasdranq said, “Won’t 
believe this biped has a brain developc»d 
enough to understand concepts of fourth 
dimension and space distortion Ot we 
should have witnessed a parallel techno 
logy ■' 

"Yes And his machine . It was so 
laughable. .” Hernaketu agreed ‘-Our 
pnmitive ancestors had better technology *' 
"Please, don’t jump to hasty conclu 
sions," Dnyanamagna said “May be, thci e 
are siratas of developmental stages May 
be, some other humans here have better 
developed flying machines ” 

“Well.../ This has been an endless 
discussion/’ Hernaketu said "Anyway, 
It doesn't affect our plans Let’s go All 
systems OK?.. 

The tests proceeded smoothly In barely 
two hours, the first globe lifted offthe lawn, 
broke the invisibility shield and flew swiftly 



on its course For the first hundred matras, 
it was not supposed to communicate with 
mother ship then, one after another, 
globes shot out of the dome in rapid 
succession, cruising on their different 
courses to probe the unknown world The 
globes' were transperent and difficult to 
locate in the evening sky But if one looked 
carefully, one could see the bubble like 
globes coming out of nowhere like hot 
shells from a gun They made no sound 
They were the fastest moving obiects to be 
seen by the Earthmen 

T he western horizon hod darkened in 
India In Afnca and in West Asia the 
Sun was still high in the western sky It was 
mid-day in Europe and early morning in 
America The Western cities of America 
were still shrouded in pre dawn slumber It 
was night in Australia, China. Japan and 
Indo China Hie night was quite young m 
CciStc'rn India 

The earthlings look some lime lo 
understand what w.is happi'ning Th« 
news spread quickly When rnovinq at lop 
speed, the transparent balls were almost 
invisible But at lower heights and at 
operational low speeds, they were quite 
visible, reflecting the sunlight, shining like 
soap bubbles, emitting many hues in the 
sky Often in the dark side of (he Earth, a 
globe would throw a powerful beam of light 
for close observation The figures in the 
inner ball IcKiked like the pupils of an eye 
The globe would suddenly become sta 
tioner\' in the sky and in a twinkling of an 
eye, speed up in some other direction At 
some spots, they actually descended on 
the Earth 

A young astronomy student in Bangalore 
had trained his telescope at a constellation 
He wiped his eye and puf it again to the 


lens The thing had vanished He had 
seen a couple of transpaient balls moving 
with great speed After a few moments, he 
saw them again They vanished in a few 
seconds Then again after a few minutes, a 
ball materialised It became larger as it 
neared Suddenly it changed direction and 
sped away He was convinced They were 
UFOs -Unidentified Flying Objects He 
rushed to a telephone 

The night Chief Sub at the Press Trust 
ol India News Desk was busy sifting 
through the flood of copy He took one 
glance at the <^tory and spiked it muttering, 
"Shit We are not a yellow rag " 

Within ten minutes, another story came 
his first reaction was to spike it too But 
befoie that, two more similar copies came 
from Jcilanddr and Cochin He read them 
carefully and asked a local reporter to 
investigate By that tune, the news agency 
office had begun receiving telephone calls. 
Hundreds of people in Bombay had sighted 
those mysterious globes One callei Sciid 
he had seen a globe descending on the 
deserted corner of Shivaji Park beach 
There^ was no sound and he saw two 
human forms getting out of the transparent 
globe He didn’t know what happened 
next He had bolted in fright 

The report ef was resourceful He 
contacted the local an foice station 
commander 

The offic er said, "Look, we have also got 
reports of these sightings But Surprisingly, 
OUT radars Ho not show anything. I 
contacted Bangalore, Pune. Agra and they 
too are m a mess Off the record, we are on 
alert Om* our Mai li II saw two of these 
niystries and he tried to chase them Nu 
link They wei e tex) fast Then he suddenly 
luund that they were over his head and 
nbspivinq him the damn thing ,." 

“Hv this timt. tlw* Reiiti t. A P , UPIand 
AIT* had iilsn begun rejjorting I he BBC 
maffe fi scoop by showing a live 50 second 
sighlirig« the American CBS followed in 
moments A bedlam followed in the world 
Many countries sent out their superfast 
planes lo chase the cjbjecls for some time, 
the objects left no trace on any of the 
radars But som after the BBC telecast, 
thousands of radar screens all over the 
world shc^wed countless shining dots 
Confusion was worse confounded with 
panic All over the F^^rth. people came out 
on the streets to watch the skies with awe. 
An American TV commentator shouted 
fren/iedly. "Extra terrestrials are coming 
thei, are coming . Run for cover .., 
Run foi your life.. ’’ 

—To be concluded 
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COOLING BY THE SUM 


D.K. Dixit 

F all the uses of solar 

energy, refrigeration and 
■ , V air-conditioning seems to 

' ''■ be the most tantalising. The 
use of solar energy for cooling 
purposes, whether to store food or for 
comfort, has a two fold attraction For 
one thing, the demand for cooling is 
generally the greatest at times of 
maximum solar intensity and for 
another, the cooling is far more 
important in hotter regions than in 
colder climes Active solar cooling is 
therefore of considerable current 
interest the world over 

In a tropical country like ours, the 
importance of refrigeration can hardly 
be overemphasised. Agricultural pro¬ 
ducts play a significant role in our 
economy Some of the produce could 
yield substantial foreign exchange, 
potatoes and onions, for instance 
Steps are being taken to increase the 
production and export of these 
commodities. However, between pro¬ 
duction and actual sales, about 30 per 
cent of the produce is spoilt in 
storage and transit This alarmingly 
high spoilage rate calls for closer 
attention to scientific methods of 
storage 

The most important method used 
for preventing spoilage is preservation 
in cold storages In 1947 there were only 
four cold storage units in the country 
while in 1972, there were 1390 This 
continual increase in storage capacity 
is still dwarfed by the growth in the 
production of cold storage items like 
vegetables, eggs, fish, dairy produce, 
etc In cold storages, temperatures 
ranging between -1 1" and 10”C are 
maintained, for freezer storage, 
temperatures below -1 1®C are re¬ 
quired Exposure of potatoes to 
temperatures above 21^0 after harvest¬ 
ing causes a high spoilage rate It is 
necessary to store them in cold 
storages at 12*^- UfiC and at 90 per cent 
relative humidity These conditions 
are adequate for short-duration stor¬ 
age Asthestorageperiodisincreased, 
lower temperatures are required, the 
ideal conditions for long-duration 
storage being 5°C and 90 per cent 
relative humidity But agricultural 



centres are usually far away from 
electrical power supply for running 
large refrigeration plants, and solar 
refrigeration provides an alternative. 

The most common types of refriger¬ 
ation systems in vogue today are the 
vapour compression system and the 
vapour absorption system. Both depe¬ 
nd on using a liquid refrigerant in 
which the pressure is decreased by 
passing the refrigerant through an 
expansion valve. At the lower pres¬ 
sure the saturation temperature is low 
and the latent heat required to 
evaporate the working fluid is taken 
from the space to be cooled 

Refngeration in conventional cold 
storages is usually accomplished by 
vapour compression machines Refri¬ 
geration by a mechanical vapour 
compression system is efficient but 
expensive. A relatively large amount 
of work IS required because the 
vapour undergoes a large change in 
specific volume during compression 
The amount of work required can be 
reduced by reducing the volume to be 
compressed or pumped by some 
means One such effective alternative 
is the vapour absorption refrigeration 
system 

That absorption refrigeration machi¬ 
nes could be employed to produce 
cooling from solar energy has long 
been realised The earliest successful 
attempt was made by Mouchot in 


1878. Absorption refrigeration origi¬ 
nated in 1^4 with Faraday who 
achieved cooling by vaporising 
ammonia. An absorption cooling 
system is compatible with the low- 
grade heat generated by present day 
flat-plate solar collectors (p. 19, 
Science Today, September 1984). 
Flat-plate collectors are normallyf 
preferred because concentrating solar 
collectors are more expensive and 
complex. 

The basic vapour compression 
refrigeration system is shown schemati¬ 
cally in Fig. 1. Incidentally, in all 
refrigeration systems, a condenser, an 
evaporator and an expansion valve 
are common components. The funda¬ 
mental concepts of vapour compres¬ 
sion refrigeration cycle are as follows. 
If a liquid is introduced into a vessel at 
low pressure, the liquid will evaporate 
In the process, the latent heat of 
vaporisation will be extracted from or 
through the sides of the vessel. As the 
liquid evaporates, the pressure inside 
the vessel will increase until it reaches 
a maximum value called the saturation 
vapour pressure corresponding to the 
temperature No further evaporation 
IS possible after that If now some 
vapour IS removed from the container 
by means of a pump, the pressure will 
come down resulting in more evapora¬ 
tion of the liquid A suitable liquid is 
the refrigerant and a container or 


Fig. 1 The conventional vapour compression system 
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Fig. 2 The aqua-ammonia vapour absorption refrigeration system 



vessel where vaporisation and cooling 
take place is the evaporator. This 
system can be converted into a 
continuous cycle. To this end, the 
lA/orking fluid undergoes phase change 
from vapour to liquid in a condenser. 
The vapour pressure corresponding 
to the temperature of condensation 
necessarily be appreciably more 
than the evaporation pressure The 
increase in pressure and circulation of 
vapour is achieved in a compressor 
The high pressure liquid leaving the 
condenser passes through an expan¬ 
sion valve before being injected into 
the evaporator at low pressure The 
compressor is driven by an electric 
motor 

In a vapour absorption system, to 
render the cooling process continuous, 
It IS essential to produce a means of 
removing the refrigerant vapour as 
fast as It forms In this case, the 
^ evaporator is connected to another 
vessel containing a substance capable 
of absorbing the vapour Thus, if the 
refrigerant were water, a hygroscopic 
material like lithium bromide is used in 
the absorber The substance used to 
absorb the refrigerant is known as the 
absorbent or carrier The next stage m 
achieving a closed continuous cycle is 
the release of refrigerant at a conveni¬ 
ent pressure for its subsequent 
liquefaction or condensation m a 
condenser This is accomplished by 
pumping the solution to a high 
^pressure with a liquid pump The 
I f solution enters the generator, where 
I heat is added to the refrigerant 
absorbent combination, and the refri¬ 
gerant is dnven off from the solution 
as a vapour The carrier (lithium 
bromide in a water-lithium bromide 
cycle) after releasing its vapour is 
returned to the absorber The refriger¬ 
ant vapour is thus compressed 
without the input of shaft work 
demanded by a vapour compression 
system 

The water-lithium bromide system 
suffers from two distinct disadvan¬ 
tages. at low temperatures and high 
concentrations of the absorbent (lithium 
bromide), the absorbent crystallises, 
and since water is the refrigerant, the 


evaporator cannot operate at temper¬ 
atures much below 4.4^ The usual 
lower limit of temperature is 2X^ in 
such an absorption chiller 
The aqua-ammonia vapour absorp¬ 
tion refrigeration system (Fig. 2) es¬ 
sentially consists of a generator, 
condenser, evaporator, absorber, 
expansK3n valve, solution pump, liquid- 
liquid heat exchanger and pre cooler. 
In operation, a mixture of refrigerant. 
(ammonia) and absorbent (water) is 
heated in the generator to boil off the 
refrigerant. Water being volatile, some 
of the absorbent vapour will also go 
abn^ith the refrigerant in the 
condenser and what will be in 
circulation in the refrigerant circuit 
through the evaporator and expan¬ 
sion vak/e is the aqua-solution rather 

About 30 per cent of 
the agricultural produce 
is spoilt in storage and 
transit, which could be 
avoided by cold storage 


than pure ammonia condensate To 
obviate such a possibility, a rectified- 
tion column (analyser) is required to 
separate the water vapour leaving the 
generator as also to ensure that only 
pure refrigerant goes to the condenser 
The feed is generally at the centre of 
the column and a dcphlegmator 
(reflux condenser) is fitted to provide 
the necessary liquid reflux above the 
feed plate The generator operates at 
a pressure high enough to enable 
condensation of ammonia vapours in 
the condenser. This condensate is 
expanded to a lower pressure through 
an expansion valve. Cooling effect is 
obtained in the evaporator as a result 
of evaporation of refrigerant at this 
low pressMre. The resultant refrigerant 


vapour is then absorbed in the 
absorber into the weak solution 
returning from the generator. The 
solution now rich in refrigerant (strong 
solQtion) is pumped back to the 
generator to continue the cycle. The 
generator, absorber and the solution 
pump replace the compressor in the 
conventional vapour compression 
system A liquid-liquid heat exchanger 
interconnects the generator and the 
absorber and provides simultaneous 
heating of the strong solution and 
coohng of the weak solution, thereby 
reducing the amount of heat input to 
the generator and the amount of 
coohng required in the absorber. 
Simtlarly, a liquid-vapour heat ex¬ 
changer, usually called 'pre-cooler', is 
placed between the condenser and 
the evaporator to cool down the 
condensate with the refrigerant vap¬ 
our leaving the evaporator, thus 
improving the refrigerating effect 

A brief description of other systems 
too may not be out of place here. The 
vapour compression refrigeration 
system itself can be combined with a 
solar-driven Rankine power cycle 
(Fig 3) Solar energy can be used to 
evaporate freon or water in a boiler 
which supplies vapour to a turbine 
which in turn drives a compressor. 

In an open cycle absorption refrigera¬ 
tion system water is used as refrigerant 
from an external source and is evapo¬ 
rated under low pressure, producing 
the desired cooling The refrigerant 
vapour then passes into the absorber 
Regeneration of the weak absorbent is 
accomplished by losing the refrigerant, 
that IS. water, to the atmosphere. The 
solution is heated and concentrated by 
water-evaporation by empbyinga flat 
plate solar collector A continuously 
operating vacuum pump keeps the pre¬ 
ssure low and deaerates the solution 
after beingexposed to the atmosphere 
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coflector is merely a titled flat 
blackened surface over which the 
absorbent solution flows as a fluid film. 
The open cycle uses a simple collector 
and has an improved thermodynamic 
performance A combnation of water 
and lithium chloride has been tried by 
researchers in the USA. 

The intermittent vapour absorption 
cycle consists of two con¬ 
tainers—condenser/evaporator and 
the generator/absorber— connected 
by a tube The system operates in 
alternate modes. In the regeneration 
phase, the container with the strong 
solution acts as a generatoi; driving the 
refrigerant to the other container 
where it condenses and is stored This 
is followed by the refrigeration phase 
in which the condenser acts as an 
evaporator and the generator as an 
absorber. The refrigerant takes up 
load and the vapours are absorbed by 
the weak solution, increasing the 
concentration and completing the 
cycle. 

In the jet-pump system a conver¬ 
gent-divergent nozzle replaces 
the compressor. The primary fluid, 
which receives heat as input from the 
solar collectors, is expanded within 
the ]et-pump theieby effecting com¬ 
pression of the refrigerant The 
desiccant systems use an evaporative 
cooler to produce refrigerated air 
Two systems, the ventilation mode 
and the recirculation mode, as also a 
modified system using an indirect 
evaporative cooler, are used 
Essentially air is circulated through 
a desiccant bed which absorbs water 
vapour in the air. releasing latent heat 
Desert air (comparatively hot dry air) 
leaves the desiccant bed and is cooled 
by passing jt through an air-to-air heat 
exchanger and an evaporative cooler 
The operating temperature is in the 
neighbourhood of 65.5»C Desiccant 
cycles operate with COP (coefficient 
of p^ormance) rangng from 0.3 to 
0.8 The COP decreases with increa¬ 
sing hurnkfity (COP is defined as coo¬ 
ling load or heat transferred in the 
evaporator (refrigerating effect) divided 
by energy expended to effect this 
refrigeration or total heat supplied to 



Fig. 3 The tin^e-fbOd Rankine^cych tohr-asMwted r^fngmration system 

frkes U _ • I s. 


the system. However, in solar coding 
systems, especially where auxfliary or 
back-up energy is used, there is no 
unique definition of COP used by 
researchers in this area) 

Desiccant cooling systems are 
attracting increasing attention now¬ 
adays. Their main advantage is that 
only air and water are the working 
fluids. Re^ily available materials and 
simple reliable components are used 
The main constraints so far include 
their low efficiency, necessitating a 
large heat input to regenerate the 
desiccant, their typically huge size and 
large parasitic losses The solar 
collector cost component being domin 




be competitive only if the cdlector 
price IS substantially reduced. 

Hybrid refrigeratioiVsorption solar 
cooling systems also need to be 
touched upon In such a system, the 
sensible lozul is taken care of by a 
refrigeration unit while the latent load 
IS handled by a sorption dehumidifier 
A higher system COP with a low 
source temperature is possible with 
such systems 

For the purpose of comparison of 
advantages and disadvantages of the 
various systems, two important para¬ 
meters, the operating temperature and 
the COP, are good yard-sticks. Any 
improvement in the COP can also 
reduce the cost of the system 
considerably because of the decrea¬ 
sed collector area 

^ Space cooiiag by natural methods is 
within the realm of possibilities The 
Sky-therm system,' as an alternative, 
non-mechanical, natural, nocturnal 
cooling-storage system, relies on night 
radiation and convection to cool the 
roof pool. As a rule of thumb, one ton 


of cooling is accomplished with a roof 
pool of about 1000 sq ft (93 square 
nwtre area). During summer, at 
night, the water in the pool or pond is 
cooled by radiation 2 md evaporation, 
and during day, the insulations are 
moved over the roof ponds to prevent 
heating from above. In the ‘Rock-pile 
system’, developed in Australia, the 
night air cooled by evaporation is 
blown through a rock or pebble-bed 
which stores this ‘cold’ During day 
time the room’s air is cooled by, 
blowing it through this rockbed in the 
reverse direction 

The advantages of using a solar cold 
storage unit workir^ on the aqua 
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manifdd. For instance, the'energy 
supplied is essentially in the form of 
low grade energy, there is less wear 
and maintenance and the liquid carry¬ 
over from the evaporator causes no 
difficulties. The absorption system has 
some other advantages over its com¬ 
pression counterpart: there are no 
moving parts, save a small solution, 
pump; more compact in larger capa- ’ 
cities; and there is less wastage of ref 
rigerant, unlike in the compression 
system, due to leakage through the 
shaft seal. 

Although a vapour absorption 
system operating on a water-lithium 
bromide cycle gives better perfor¬ 
mance than an aqua-ammonia system, 
Its use is limited to air<onditioning 
since water is the refrigerant The 
aqua-ammonia system can be used for 
both refrigwation and air-conditioning. 
This combination gives more cooling 
per unit weight of refrigerant. Both the 
high latent heat of ammonia and 
pressure- temperature- concertration 
relationships of ammonia-water com- 




Fig. 4 The 10-Ion re/ngerathn solar cold storage unit (vapour absorption 
system) at Chani near Baroda. The structure in the middle is the storage unit. 
Just outside in front is the refrigeration system and in the foreground the flat- 
plate solar collectors. On cloudy or rainy days, a wood-fired boiler (foreground, 
right-hand corner) is used as an auxiliary heating system 




bination are responsible for this. The 
only demerits are the toxicity of 
ammonia and the high volatility of 
water (carrier) which necessitates the 
rectification. Power savings to the 
tune of 80 per cent of the power o 
consumption in the compression ^ 
system with increased savings for | 
longer tonnages have been achieved ^ 
solar cold storages in India A @ 
sblar cold storage unit has been g 
devebped (as a project sponsored by ^ 
the Department of &ience and 
Technology, the Government of India) 
at the Indian Institute of Technology, 
Bombay. It has a capacity to preserve 
two tons of produce (potatoes), the 
temperature and relative humidity 
being maintained at and 90 per 
cent, respectively. 

The unit consists of an array of flat- 
plate solar collectors with booster 
mirrors to yield hot water at 95^, an 
insulated cold storage room and a 
refrigeration system of 0.5 ton capa¬ 
city, based on the well-known aqua- 
ammonia absorption refrigeration 
cycle An auxiliary electric water 
heating system is also provided to take 
care of cloudy days. For sensible 
thermal storage, a tank of 5000 litres 
capacity has also been built 

Jyoli Ltd, Baroda, has developed a 
compact one-ton solar-powered cold 
storage system based on aqua- 
ammonia vapour absorption refrigera¬ 
tion It is specially attractive for 
remote and rural applications with the 
heat input temperature being 90^— 
lOO^C supplied through hot water 
from flat-plate solar collectors. The 
power savings are almost ^ per cent 
of the conventional vapour comijres- 
sion systems. Cold storage temperat¬ 
ures of 0®— 10°C can be achieved with 
a high coefficient of performance. The 
unit IS easy to maintain with provision 
for non-sunshine hours using energy 
storage on a novel product storage 
concept. A 10-ton sdar cold storage 
plant, the biggest so far, developed by 
the firm, was recently commissioned at 
Chani near Baroda by the Gujarat 
Energy [)evebpment Agency, and is 
used to preserve potatoes. Another 
30-ton solar cold storage is installed at 


Bamnauli in UP Of late, Bharat Heavy 
Electricals Ltd. Hyderabad, has also 
developed a one-ton aqua-ammonia 
vapour absorption refrigeration 
system. Advani-Oerlikon, Pune, has 
also joined the fray. 

Admittedly, the payback period of 
solar-powered cold storages is far too 
long to be cost-effective All solar 
systems, for that matter, are capital- 
intensive and usually more expensive 
in their initial costs compared to 
alternative conventional systems. For 
example, a 10-ton solar cold storage 
unit may cost around Rs 16 to 18 
lakhs. The determinant of solar 
cooling economics will be the cost of 
available alternatives. ‘Solansing’ cold 
storage holds great promise and 
potential for remote, rural communities 
in the foreseeable future The Depart¬ 
ment of Non-conventional Energy 
Sources (DNES), Government of 
India, can be expected to accord 
priority to solar cold storages with a 
view to making them commercially 
viable by encouraging sizeable research 
programmes 

Of course, no energy transition can 
unfold overnight. There are also 
substantial problems in having a system 
which IS economically viable over a 
bng term But given the enormous 
energy appetite and explosion of 
interest in the solar age the world over, 
we had better catch up with this 
welcome trend. Solar air-conditioning 
may be a luxury for a poor country like 


India To ensure thermal comfort, 
judicious use of courtyards, verandahs, 
chmate-adapted architectural sun- 
control, shrubs and fountains and 
evaporative cooling should be 
resorted to before any mechanical air- 
conditioning, solar or otherwise, is 
contemplated. 

Solar refric|bration, on the other 
hand, has more direct and relevant 
application in villages and towns and 
isolated communities where cold 
storage facilities for stonng medicines 
in primary health centres, for staring 
fish in coastal regions, for preserving 
vegetables, fruits, milk, eggs etc, 
besides agricultural produce, are 
inadequate and mostly non-existent. 
Solar-augmented cold storage units 
working on the aqua-ammonia vapour 
absorption refrigeration system must 
be encouraged and developed in right 
earnest It is hoped that research and 
development would be continued in 
this vital field to make such systems 
more competitive and commercially 
attractive The success already achie¬ 
ved reinforces this optimism and ex¬ 
pectation 

Mr Dixit who IS on the mechanical 
engineering /ocufry of the t^svesuorayo 
Regional College of Engineering, Nagpur, is 
currently working on a doctoral research 
programme on the simutofion of the vapour 
abMrption refrigeratnn system at the mechan 
cal engineering department, Indian Institute of 
Technology, Bombay Other tweas of his 
research interest are solar ponds and heat 
transfer augmentation techniques 
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The Answers 

(Continued from page 33) 



Herpetophobia— a* Fear of 
reptiles or lizards The word has its 
origin in the Creek word herpetos, 
meaning creeping or crawling things. 
This phobia can include all creeping 
creatures, including snakes, which 
otherwise alone induces fear in ophidio- 
phobics those who fear snakes 


6. AutophoMa:— a Fear of being 
abne Also known as monophobia-it is a 
fear of oneself or of being alone 


7 * Muaophobia— b: Fear of mice 

Fear of animals is one of the common 
types of phobias. Severe musophobics 
become paralysed with fear at the sight 
of a mouse, often scream in terror and 
on occasions some actually faint It is 
believed that musophobia and fear of 
other animals may have a symbolic 
meaning 


1 • Acrophobiai'-h. Fear of heights 
Many acrophobics find it difficult to 
climb a ladder or a staircase In some 
persons being only a few feet from the 
ground causes considerable panic while 
others can climb a ladder to a reason¬ 
able height but are terrified when they 
approach the cliff edge 


2 m Belonophobia — A Fear of 
sharp objects Belnnophnbics have an 
abnormal feai of sharp instru 
ments, including knife, scissors, razors 
or shears It has its origin in the Greek 
word be/one, meaning a needle 


3* Agoraphobia—b Fear of 
open spaces The word l^ derived from 
the Greek word agora, meaning 
market place or a place of assembly 
And as early as 1873, this phobia has 
been recorded by Dr C Westphal in 
the Journal of Mental Sciences, XIX 


strangers 


Xenophobia 


Fear of 



S» Arachnophobia—c Fear of 
spiders The word arachnida suggests a 
class of the Arthropoda comprising 
spiders, scorpions and mites It is an 
irrational fear towards spiders Arachno- 
phobics become anxious with a feeling 
of nausea when they see a spider 
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9* Nosophobia—a- Fear of illness 
or a disease Also known as patho 
phobia Some individuals develop ex¬ 
treme fear of spiecific illness or diseases, 
eg: cancer or syphilis, or become 
unusually concerned about their health 
Nosophobia, it is believed, may occur 
as part of a mental disorder, or an 
obsessional neurosis, or as a part of 
depressive illness 


Ochlophobia—b Fear of crowds 
Ochlophobics shun crowds and crowd¬ 
ed environments 


Win a prize! 

D ue to unforeseen circumstances we 
are unable to announce the winners of 
the July quiz However, don't let that 
dishearten you We would hke you to 
frighten us with as long a list of phobias as 
you can. The longest and the creepiest list 
wins a prize The last date is 1st December 
1984 
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H OMI Bhabha's role in building up 
the science and technology (S 
A T) infrastructure and capability 
in post-Independence India is un¬ 
questioned. It would be of great interest to 
trace the development of his thinking in 
this vital domain throi^h his wntings. 
correspondence, notes and published 
papers since this would provide a wealth of 
information and insights, not only into the 
working of a great visionary mind, but also 
into the process of building up the base of 
organized science in our country at a 
critical phase of its history. Unfortunately, 

Bhdbha’s correspondence and other PresUina ovmr the first Geneva Conference 0955} 

“Growing Science”—from 

Bhabha’s writings 

B.M. Udgaonkar 

papers have not yet been published or During this penod, Bhabha could not can do reasonably good work in a good 
worked upon. In the meantime, it may be but contemplate on the status of scientific scientific atmosphere, there is only one 

worthwhile to see what emerges from the research in India He had noted that “there who can (reate the atmosphere for himself 

articles and speeches, and the extracts was no scientific institution in India in a place where it does not exist, and this 

from a few of his letters that have appeared devoted solely to fundamental research, alone is a test of the outstanding scientist" 

in print especially in the newest branches of 

Horru Bhabha went to Cambridge in physics, namely nuclear physics and high Role of S & T in development 
1927 as an undergraduate student, and energy physics" In a letter dated 19 In his famous address to the Inter- 

spent the next twelve years of his life in August 1943, Bhabha wrote to J R D national Council of Scientific Unions on 

Europe, except for brief visits to India Tata “The lack of proper conditions and 7 January, 1966, a couple of weeks before 

during vacations. He was on a holiday in intelligent financial support hampers the his sudden death in an air-crash, Bhabha 

India in 1939, when the outbreak of the development of science in India at the pace said'“What the developed countries have 

second World War prevented him from which the talent in the country would and the underdeveloped l 2 ick is modern 

returning to Cambridge to continue with warrant" This letter very soon led to the science and an economy based on modern 

his research there This led him to accept a creation of the Tata Institute of Funda- technology The problem of developing 

position at the Indian Institute of Science. mental Research (TIFR) the underdeveloped countnes is therefore 

Bangalore, as Reader in charge of a special We do not know how precisely his the problem of establishing modern 

Cosmic Ray Research Unit, which uas set thinking changed during this penod For, science m them and transforming their 

up for him with money provided by the Sir in his formal letter dated 12 March, 1944 to economy to one based on modern science 

Dorab Tata Trust In 1942, he became a Sir Sorab Saklatvala. Chairman of the Sir and technology An important qiu*stion 

Professor He was elected to the Felbw Dorab Tata Trust, proposing the setting which we must consider is whether it is 

ship of tl\e Royal Socic'ty of London in up of TIFR, he wrote "I had the idea that possible to transform the economi/ of a 

1941, and received the award of Adam's after the war I would accept a job in a good country to one based on modern techno- 

prize in 1942 university in Europe or America, because bgy developed elsewhere without at the 

The five-year period (1940 45) that universities like Cambrxige or Prince'ton same time establishing modem science in 
Bhabha spent at Bangalore was thecrucial provide an atmosphere which no place in the country os a hue and vital force the 

stage during which he re established an India provides at the moment But in the problem of establishing science as a live 

identity between himself and his country, last two years, 1 liavecome more and more and vital force in society is an inseparable 

and became aware of the role that he could to the view that proindedproperopprecfo- part of the problem of transforming 

play in the development of India, then on tionandfinartcialsupporlareforthcoming, industrially underdeveloped to a deve- 
the threshold of Independence He it is one’s duty to stay m one's own country loped country" (emphasis added), 

discovered his mission in life, and was able and build up schools comparable with Earlier, at the inauguration of the TIFR 

to get the critical initial support from the those that othei countries are fortunate in in 1945, he had remarked, “The pursuit of 

Sir Dorab Tata Trust to take off on that possessing " Years later (1962) he was to science and its applications are no longer 

mission. wnte. “For every thousand scientists who subsidiary social activities today. Science 
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Alas, the situation has not changed very much 
over the last twenty years, in spite of the oft- 
repeated slogan of self-reliance! 


forms the basis of our whole*' social 
structure without which life as we know it 
would be inconceiuable As Marx said, 
‘Man's power of nature is at the root of 
history', and we have in our own times 
seen the history of the world shaped by 
those countries which have made the 
greatest scientific progress"; and then a 
remark which reminds us of a similar 
rj^l^ment appearing later in the Science 
.jy Resolution of the Government of 
India (1958)- "Science has at last opened 
up the possibility of freedom for all from 
long hours of manual drudgery and today 
we stand at the beginning of an age when 
every person will have the opportunity to 
develop himself spiritually to his fullest 
stature ” 

Pure vs applied research 

Developing countries have often been 
advised by the developed countries to 
concentrate on 'useful' or applied re¬ 
search, rather than indulge in ^he costly 
luxury of basic research' What was 
Bhabha's thinking at this time about the 
role of basic research ? 

Soon after the above-quoted letter to 
J R D Tala, Bhabha, in September 1943, 
read a paper at a Symposium of the 
National Institute of Sciences of India,in 
which he dealt with this question at some 
length He wrote: "It is customary to divide 
research work into two categories, pure 
research and applied or industrial research 
This division is a matter of convenience 
and may usefully continue to be made It is, 
however, most important to realize that 
this division does not carry with it the least 
implication of the relative usefulness, or 
practical benefit to mankind of the two 
categories of research This point cannot 
be overemphasized since the contrary 
view still prevails among many influential 
men in government and industry in India 
despite the fact that it has been long 
abandoned in progressive countries kke 
Great Bntain, the USA and the USSR " 
He takes the development of the electro¬ 
magnetic theory and the invention of 
wireless as an illustration, and points out 
that "this example bnngs out .learly that 
pure and applied research are but two 
stages in the historical development from 
ignorance, through knowledge, to control, 
of the phenomena of nature in any given 
field Ihere is, therefore, no question of 
differences in practical importance between 
the two categories of research One 
should rather look upon 'pure' research as 
long-term research while technical re¬ 
search, being historically the later stage in 


any line of devebpment, may be looked 
on as short-term research” 

He adds, " No country, which wishes 
to pfoy a leading part in the world can 
afford to neglect pure or long term 
research, for it is precisely on this 
research that depend the developments in 
industry and publx: economy which are 
likely to take place, say, twenty-five years 
hence. This fact should always be borne in 
mind when money is allocated for 
research" (emphasis added). 

Interestingly enough, he takes the 
example of USSR in this context, and goes 
on to say: “This principle has been fully 
accepted by the extremely practical and 
dficient administrators who are responsible 
for the government of the Soviet Union 
today They do not draw a line between 
'pure' and 'techmcal' research and they 
believe that 'there is no genuine knowledge 
of the universe that is not potential^ 
useful for man, nor merely in the sense 
that action may one day be taken on it, 
but also in the fact that every new 
knowledge necessarily affects the way in 
which we hold all the rest of our stock 
The great success of the USSR in the 
economic, social and military fields are due 
to this enlightened policy, and India would 
do well to follow It " (emphasis added). 

Inevitably, Bhabha comes back to this 
theme several times in the years to come 
For example, in his letter to Sir Sorab 
Saklatvala mentioned earlier, he writes “It 
is absolutely in the interest of India to have 
a vigorous school of research in funda 
mental physics, for such a school forms 
the spearhead of research not only in less 
advanced branches of physics but also in 
problems of immediate practical application 
in industry If most of the applied research 
done in India today is disappointing or of 
very infenoi quality, it is entirely due to the 
absence of a sufficient number of outstand 
mg pure research workers who would set 
the standard of good research and act on 
the directing boards in an advisory 
capacity He then takes the experience 
of the Department of Scientific and Indus¬ 
trial Research in the UK* as an example 

In proposing the creation of TIFR, 
Bhabha was thus thinking of 'a spearhead 
of research’ Modesty did not prevent him 
from saying to Sir Sorab Saklatvala. "The 
scheme I am now submitting to you is but 
an embryo from whch I hope to build up, 
in the course of time, a school of physics 
comparable with the best anywhere ” At 
the same time, his approach to the 
development of such a school was not a 
cloistered or ivory tower approach He 


was thinking of much more than the mere 
creation of first-rate institute of funda¬ 
mental research, important as it was. His 
vision went beyond that to the training of 
high quality manpower needed in different 
tasks of national development. Thus he 
added: “ .. when nuclear energy has been 
successfully applied for power production 
in say a couple of decades from now, India 
will not have to look abroad for its experts 
but will find them ready at hand." 

Later in 1962, Bhabha, as Director of 
TIFR, was to say proudly, *Tt is not an 
exaggeration to say that this Institute was 
the cradle of our atomic energy pro¬ 
gramme, arxl if the AEET (renamed 
Bhabha Atomic Research Centre after his 
death) has been able to develop so fast, it is 
due to the assisted take off which was 
gven to it by the Institute in the early 
stages of its development.” He vuas also to 
remark more generally, 'The support of 
such (fundamental) research, and of an 
institution where such research can be 
carried out effectively, is of great import¬ 
ance to society. .paradoxically, it has 
an immediate use in that it helps to tram 
and develop, in a manner in which no 
other mental discipline can, young men of 
the highest intellectual calibre in a society 
into people who can think about and 
analyse problems with a freshness of 
outlook and originality which is not 
generally found Such men are of the 
greatest value to society... ” (emphasis 
added) 

Even at the International ConfererKeon 
Cosmic Rays at Jaipur in 1963, in an after 
dinner talk, Bhabha remarked, “This 
(conference) will indeed stimulate the 
growth of cosmic rays and we hope that 
the effect of this growth of fundamental 
science will reflect itself more and more in 
the growth of applied science whch we 
now need so desperately in this country 
for developing our industry. As industry 
grows, of course, applied scierKe will also 
grow But we would like to gve this a great 
pusfi forward " 

Allocation of scientific research to 
universities 

“Long-range research would appear in 
general best earned out in the universities 
or in special institutes attached to the 
universities,” remarked Bhabha in 1945, 
"since while the research is in progress, its 
development and trend should be entirely 
unhampered by any thought of immediate 
utility It IS precisely in this way that 
knowledge of the domain of nature 
concerned can be most rapidly accumulat- 
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ed, leading to the subsequent practical 
applications in the shortest possible tame. 
Moreover, the best universities should 
have, to a large extent, the staff necessary 
for the work, and vice versa, the staff 
necessary for pure research is in general 
suitable for teaching the wide subjects 
which are normally taught in universities " 
He was. however, conscious of the 
constraints of the university system as it 
had developed in India: ”But such a 
programme”, he continued, “would neecf a 
very widespread revision of our university 
system in India, where with a few 
exceptibns. research facilities are very 
inadequate, and the staff overburdened 
with teaching duties" (emphasis added) 
Even so, in his proposal to start the 
TIER, Bhabha envisag^ a close relation¬ 
ship with the University of Bombay In 
fact. when, on 14 April. 1945. the Trustees 
of the Sir Dorab Tata Trust accepted 
Bhabha's proposal to set up the TIER, they 
minuted that the responsibility for the 
Institute should be shared from the outset 
with the Bombay University and the 
Bombay Government both in respect of 
finance and administration Dr Bhabha 
was present at this stage of the meeting 
and readily accepted the Trustees' views 
regarding the sharing of responsibility 
While the Government of Bombay joined 
the Trust in founding the Institute, the 
matter does not seem to have been 
followed up with the University of 
Bombay But Bhabha continued to be 
interested in a close relationship with the 
University At the foundation stone¬ 
laying ceremony for the new building of 
the Institute in 1954, he remarked “After 
much searching this site was located in this 
area because amorig other factors, it was 
near the University Contact with students 
IS a revitalizing factor for the research 
worker, and conversely we feel that the 
presence of the Institute here will be of 
some advantage to the University " 

Later he was to say, " Above all, 
scientific teaching and research at the 
universities must be strengthened and 
expanded. The universities are, however, 
autonomous organizations, jealous of 
outside interference, and the process 
must necessarily be slow and time 
consuming. It is probably for this reason 
that it has been considered expedient in 
many countries to set up national research 
laboratories and other scientific organisa¬ 
tions for specific subjects " 

It IS interesting to note that in the 1943 
paper quoted earlier, Bhabha advocated 
that “the pure or long-range research 


which should be allocated to the universi¬ 
ties should have the ivdest possible range 
It should include on the one hand research 
in all branches of 'pure’ mathematics...At 
the other extreme it should include 
problems of a practical nature but 
requiring long term planning of research, 
as for example the development of the 
technique for using nudear energy for 
power production... ."Hecautioned that 
given the cost of competitive research “it 
would clearly be best to concentrate the 
large research departments in a few big 
universities, for to spread them all over 
would merely result in inadequacy of 
financial means for all " 

It 15 unfortunate that university research 
has failed to get the kind of imaginative and 
selective support on an adequate scale 
that was envisaged by Bhabha, and that 
the university system has hot undergone 
the kind of ^sic structural changes that 
could have invigorated it In the meantime, 
more and more institutes, in science and 
social sdences, have got created outside 
the university system 

Growing scientific institutions 

“Ours IS to be in many ways the job of 
pioneers building up science in a backward 
country,” wrote Bhabha to S Chandra¬ 
sekhar on 20 April 1945, within a week of 
the approval of his proposal to create 
TIER by the Sir Dorab Tata Trust, “and 
though this may make it more difficult it 
also makes it more worthwhile and the 
achievement will be greater ” How did he 
go about meeting this challenge? 

In 1963, in his Presidential Address to 
the National Institute of Sciences of India 
(now INSA), Bhabha remarked “ . we in 
India are apt to believe that good scientific 
institutions can be established by Govern¬ 
ment decree or order A scientific 
instifufion, be if a laboratory or an 
academy, has to be grown with great care 
hke a tree It's growth in terms of quality 
and achievement can only be accelerated 
to a very hmited extent. This is a field in 
which a large number of mediocre or 
second-rate workers cannot make up fur a 
few outstanding ones, and a few outstand¬ 
ing ones always take at least 10 to 15 years 
to grow Too many of our National L.abo- 
ratones have bei.n estabished by deciding 
upon the field in which it was desired to 
work and by drawing up an organisational 
chart on the pattern of some corresponding 
large laboratory abroad” 

“No or^nizational chart of the future 
development of the Institute was submitted 
either when it was founded or later, and 


the phibsophy has always been to support 
ability wherever it is found in the'fields of 
work covered by the Institute. Indeed, the 
philosophy underlying the founding of the 
institute was the same as that underlying 
the Max Planck Institute in Germany, 
namely 'The Kaiser Wilhelm Society shall 
not first build an institute for researchand 
then seek out the suitable man, but shall 
first pick up an outstanding man, and tl^n 
build an institute for him ” 

In fact the 'Scheme for an Institute for 
Advanced Theoretical and Expenmental 
Research in Physics' that Bhabha submit 
ted to the Sir Dorab Tata Trust in March 
1944, envisaged a total annual expenditure 
of Rs 45,0()0 only for core staff, did not 
ask for a new building, and proposed that 
“the Institute be expanded not by the 
usual procedure of creating posts and then 
trying to find suitable men to fill them, but 
by waiting till men of exceptional ability 
and promise show them^lves, and 
creating suitable posts for them ” 
Self-reliant development 

Describing the growth of the atomic 
energy programme, in the ICSU address, 
Bhabha remarked, “The emphasis has 
been throughout on devebping knowhow 
indigenously and on growing people able 
to tackle the tasks which lie ahead The 
generation of self-confidence and the 
ability to engineer and execute industnal 
projects without foreign technical assi¬ 
stance have been major objectives” He 
mentioned the collaborations with UK and 
Canada, but emphasized “the relative roles 
of indigenous science and technology and 
foreign collaboration through an analogy 
Indigenous science and technology play&the 
part of an engine in an aircraft, while foreign 
collaboration can play the part of a booster 
A booster in the fo^m of foreign collabora- 
tiun can give a plane an assisted take-ofi, 
but It will be incapable of independent flight 
unless It is pxrwered by engines of its own If 
Indian industry is to take-off and be capable 
of independent flight, it must be powered by 
science and technology based in the country.” 

Dr Ramanna has remarked, “I recall 
Homi Bhabha telling me that the introduc¬ 
tion of atomic energy in India in the early 
1950s was not purely for the sake of 
introducing atomic power, but essentially 
for the introduction of new technologies 
dependent on basic sciences generated 
from within ” 

In the ICSU Address (1966), Bhabha 
bemoaned the fact that “Indian industnal 
development has so far proceeded almost 
exclusively on the basis of settingup plants 
and industries with foreign collaboration. 
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Ocience has at last opened up the possibility of 
freedom for all from long hours of manual drudgery 
and today we stand at the beginning of an age when 
every person will have the opportunity to develop 
himself spiritually to his fullest stature.. 



Our ou/n expenence makes it quite plain, 
however, that this method can never lead 
to a self-generating industry without at the 
same time establishing a powerful scientific 
research and devebpment effort to 
support It”. On the other hand, he reminds 
US' “The steel industry has existed in 
India since the First World War. and one 
of the two steel plants was among the 
jymsX in the British Commonwealth in the 
Ay twenties Yet when the steel plants 
had to be expanded, it was necessary to 
draw upon foreign consultants and engine¬ 
ering firms to plan and carry out the 
expansion" Thus came the German 
consortium for Rourkela, Russian techni¬ 
cal collaboration for %ilai, a Britisli 
consortium for Durgapur, and essentially 
the same method for Bokaro “Thus the 
construction arxl operation of a number of 
steel plants has not automatically generat¬ 
ed the ability to design and build new steel 
plants*’, he summanaed, and warned 
“Unless powerful scientific andengineenng' 
groups are established during the con- 
^ruction and operation of existing steel 
plants as a matter of deliberate policy, the 
dependence on foreign technical assistance 
will continue and the steel industry will not 
reach a stage of technical self-reHanoe. A 
similar situation exists in almost every 
other industry " Ahs, the situation has 
not changed uery much over the last 
twenty years, in spite of the oft-repeated 
slogan of self-reliance! 

Speaking in 1966. Bhabha could not but 
refer to the fact that “the recent stoppage 
of foreign aid had shown our tremendous 
foreign dependence on a vast variety of 
matenals and equipment, many of which 
could and should have been produced in 
the country lono before this '* 

In the same Address, he also pointed 
out that “Many examples can be given of 
foreign collaboration resulting in badly 
engineered plants or technical mistakes, 
and when such technical mistakes,are 
corrected the foreign consultant benefits 
from the experience Whereas, if an Indian 
scientific or engneering organisation had 
been employed, the expenence gained 
even from initial failures could have bem a 
gain to the country The Soviet Union did 
not hesitate >to follow this path ” 

Another pertinent point that he made, 
which does not seem to be sufficiently 
realized in the country even now.was that 
“in buying foreign know-how one is paying 
for an element which covers the cost of 
research and development done by the 
foreign consultant, and it is clear that a 
more permanent benefit would result to 


the country if this rgoney were made 
available for supporting research and 
development in India 
As Bhabha remarked in his DMSA 
PresiJential Address on 6 October, 1963, 
“Indian science and technology will only 
come of ags when we have learnt to design 
and build steel mills, engineenng works, 
chemical plants, power equipment, etc 
oursefues, luithour having to depend on 
foreign consultancy There is an aln\ost 
universal tendency today, whether in the 


pnvate or the public sector to think 
immediately of finding a foreign consultant 
whenever some new plant or industry has 
to be established. In many cases, I think, 
this is due entirely to a habit of mind and to 
a lack of national self-confidence ” 

(to be concluded next month) 

Prof Udgaonkar is ivith fhe Theoretical 
Physics Grrxip, Tata Institute^ Fundamental 
Researfh, Bombay and is editor, Physics 
News He u/as earlier Scient^ic Aduisor fo the 
Planning Commission 
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HOW BLOOD CLOTS 
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CLOTTING OF BLOOD 


t T is our common experience that 
bleeding through a tiny cut stops 
automatically in two to three minutes. 
Secondy when blood is collected 
from veins and placed in a test tube it clots 
within 10 minutes. How does this happen? 
Studying patients with an inborn or 
acquired deficiency of clotting factors 
have 9 ven us an insight into this 
mechanism The modem biochemical 
methods allow us to describe the process 
of coagulation in the form of a chain of 
reactions involving several elements known 
as clotting factors. The Roman numerals 1 
to XIII (see table below) assigned to the 
dotting factors relate to the order of their 
discovery rather than to their position in 
the chain of reactions. Thus, traces of the 
history of blood coagulation research 
remain in this international nomenclature 
In the primary arrest of bleeding the 
platelets and fibrin together form a plug 
Platelets fall out of the blood stream and 
adhere to the vessel wall at the site of 
rgury. They then get degranulat^ and 
liberate adenine nudeohdes which mediate 
further platelet aggregation with the help 
of ionized calcium and fibnnogen Finally 
fibrin deposits around platelet aggregates 
to form a seal over the breach in the vessel 
Patients with haemophilia may exhibit a 
normal bleeding time indicating that they 
can form platelet-fibnn plug, and yet suffer 
from spontaneous haemorrhages into 
muscles and joints, because of factor Vlll 
(AHF) deficiency 

When blood is placed in a test tube it 
clots within 10 minutes and in the next 30 
minutes the clot retracts releasing the 
serum. Microscopic examination of the 
clot shows It to be composed of irregularly 
arranged fibrils, in the interscices of which 
are trapped cells The cells do not take 
part in the clot formatK>n Plasma can be 
made to clot At least 10 proteins present 
in the plasma are nvcK/ed in the 
coagulation mechanism The insoluble 
fibnn forms the network to trap the cells 
Fibnnogen produced in the liver is the 
precursor of fibrin and of all the proteins 
participating in clot formation, the con 
centration of fibrinogen is the highest (150- 
400 mg%) The conversion of fibnnogen to 
stable fibrin by thrombin and calcium ions 
is the end of the chain of reactions The 
specud feature of this chain is that the 
substrate for each enzyme is a proenzyme 
which becomes the active enzyme for the 
next reaction The active enzyme is 
designated by the suffix 'a*. The chain thus 
functions as an enzyme amplifier, so that a 
small change at the beginning may result in 


the formation of large amounts of 
thrombin and fibrin at the end Calcium 
ions are required at several stages in this 
chain Prothrombin, a stable protein 
present in plasma, is a precursor of 
thrombin Thrombin mediates removal of 
fibrinopeptides to form a fibrin monomer 
which polymerizes to form a visible clot 

CLOTTING FACTORS 


Factor 

Synonym 

1 

Fibnnogen 

11 

Prothrombin 

V 

Proaccelerin (liable) 

VII 

Proconvertin (stable) 

Vlll 

Antihaemophilic factor (AHF) 

IX 

Christman factor, plasma thro- 
mboplii;,tin component (PTC) 

X 

Stuart-Piower factor 

XI 

Plasma thromboplastin 
antecedent (PTA) 

XII 

Hageman factor 

xin 

Fibrin stabilizing factor 


Factors ///, IVartdVIarenohngennuse 


The clotting system has two inputs 
called intrinsic and extrinsic mechanisms 
Clotting without the assistance of throm¬ 
boplastin IS referred to as intrinsic In this, 
surface contact plays an important role If 
blood IS placed in a nonwettable tube 
(plastic, siliconized) the clotting is delayed, 
and if glass beads are kept in the tube, 
clotting 15 accelerated In the extrinsic 
mechanism, clotting is much more 
accelerated by adding tissue extract 
(thromboplastin) Tissue extracts react 
with factor Vll and calcium ions to 
produce a product which activates factor 
X and so by-passes the early phases of 
blood coagulation. Clotting is completed 
in 10-20 seconds Various snake venoms 
(Russell's viper, Malayan pit viper) 
produce accelerated blood clotting via the 
extnnsic pathway 

V.D. Joglekar 


Mr Josfiekar was Depul}; Director, Forensic 
Science Laborator}/, Bombay He was also 
consulting biochemist with Bombay Hospital 
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ULTRA-PURE ELECTRONIC 
GRADE MATERIALS 


Special Materials Plant, Nuclear Fuel Complex 

Hyderabad 


The Special Materials Plant is country's 
premier organisation engaged in the 
mariufacture of a variety of high purity 
materials used in electronics industry; 
nuclear, defence and space applications, 
research organisations and general 
engineering industry. Since 1972, SMP 
is producing a number of materials some 
of which are listed alongside. Besides 
supplying these items to about 400 
consumers in the country—both in the 
private arrd public sector—SMP has 
exported its high punty indium metal to 
West Germany. The value of the 
materials supplied to the Indian industry 
so far exceeds Rs 60 millions. A number 
of programmes are on the anvil to serve 
the Indian industry even better in future 

Trade enquines to 

Manager, 

Special Materials Plant, 

Nuclear Fuel Complex, 

Hyderabad-SOO 762 {APJ. 

Phone No. 852350 Ext. 247 
Telex No. 155 304 
CABLE: “NUCFUEL" HYD 


Antimony 99 999% 

Arsenic 99 999% 

Bismuth 99 999% 

Cadmium , 99 999% 

Gold 99 999% 

Gold potassium cyanide 

(68% gold) 99 99f% 

Indium 99 999% 

Lead 99 999% 

Magnesium shots 99 99% 

Selenium 99 999% 

Silver 99 999% 

Tellunum 99 999% 

Tin 99 999% 

Zinc 99 999% 

Potassium Tantalum fluoride 99 9% 

Tantalum penloxide 99 9% 

Tantalum powder Capacitor grade, 


metallurgical gr 


Tantalum sheet, rod,wire, heater, 

* shields, crucible and other As per order 

fabricated shapes 

Sodium Iodide Optical grade 

Niobium pentoxide 99 9% 

Zirconium & Titanium metal 
powder and hydride 


Micron size 


a... part of the great Indian scene. 
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Give them the 

Colgate Ring of ContkJence! 

Regular brushing with Colgate 
givea your family clean, fresh breath,8trong healthy teeth. 

That’s the Colgate Ring of Confidence. 

This IS how Colgate s trusted formula 
works for you every time you brush 

MiLiMnU Bacteria grow in food particles 
I 1 i I I trapped between teeth causing 
^ f 4 4*H bad breath and tooth decay 

g tapweg Colgate s unique active foam 
7^Erj reaches deep to remove 
y j oj odour-causing food particles 
■ ** M * o ^ and decay-causing bacteria 

Regular brushing with Colgate 

I 1 1 1 I gives you clean fresh breath 

f T H and strong, healthy teeth 

Make sure your family brushes with ^ 

Colgate after every meal Jt mm. 

Give them the Colgate Ring of Confidence 







.tout success uur mae 

the British iNsmuTEs 





£J^ Hr. Sudhir KamM. ow 

SUSHhwstcJWS 

SyfS in th* O.Com (IWC) 

'*‘^£3 nan and was 

rsns-i awardsd a cash prin 

in Iha aubjact 
.rs/IS. Indoatfial Law. 


ji y,.. .. aHi Miw -*' ^ M i w a n ii •* 


oar atudant jUT 

who succossfuliY S S La 

complitod DBM (IMC) j,"KE 

Mam was owordod 

cash priia for his 
outstanding 
psHormanca in lha 
subjact Marketing 
Managamont. ^Jr2 

r-—~ isrzL'^* rraw*gb>^.>A 

' Sitoinni li n*^''*'* 


Our CAREER GUIDE 

will help you select the right course ACT NOW 

Wnta today, ^and coupon, roma petsonaNy or ta/aphona 2567SS 

THE DRITISH INSTITUTES 

!i6;B26, P 0 Box 1025, 359, D. N Road. BomlMV 400023 


A NEW METHOD FOR NEW NEEDS 

B.I. LANGUAGES INSTITUTE 

ANNOUNCING A UNIQUE OFFER TO 
Languasa- Ltarnirs—BBC English A Other Courses 

^ could be that you havn limited tune ot you' disposal and few 
opportunities to attend Masses If so. BBC Courses are designed 
for your benefit A BBC Course takes you to different learning 
situations and thus cover very much language learning ground 
Fach course, comprising cassettes and bouks.contBins everything 
you need to learn the English language, to speak fluently, to 
understand end to (eel perfectly at home with native soeakers 

English for all levels Beginners, Intermediate, 

Advanced and apecialized courses for Exporters, 

Doctors. Scisntista & for those who seek jobs 4 

Abroad ^ ^ 

Also available other foreign language courses-^- \ ^ 

iit^rman, Arabic. Spanish, Japanese, Rcssian, Chinese, fjro«k,^4 ' j 

Italian etc and Hindi ft Urdu (Shortly) ^ 

today, send coupon or come parsonaHy or lalephona 2bbf5b ' f c«q 

Bl LANGUAGES IHSTITUn (/m 

" 'J UCO Banl' Rids I lotA FouiiKiiii JOS D N RniO Oombay 400 023 
>>«nth6t 13MAGavl PldLSlaRl CalcullR 700 ObS Fal 73B742 
' Ejaryjarffii Hehiiiil Employmiint Eicchango Now Uelhi 110 003 Tal 27444J 361290 
' 0 Agurchand MaoMon 150 Mount Roaii Madrub 600003 1«l 81851 8J847 


%^th over 50 yoars ixportisa has helped over a million ombitioue 
mon and womon to ottoin ouccoss in thoir choson coroors 

CAREER ORIENTED DIPLOMA COURSES tn BUSINESS 
MANAGEMENT. Industrial Management. PERSONNEL 
MANAGEMENT. Sales Management. MATERIALS MANAGE¬ 
MENT, Business training. Business Letters. Personality 
Development, Banking. Accountancy. Secretaryship, 
JOURNLISM, Commercial Art, GOOD ENGLISH. French, 
German, Russian, MECHNICAL. Electrical. Aeronauticdl. 
AUTOMOBILE. Architecture. Civil. Chemical. TRANSISTOR 
RADIO. Radio. Television. TEXTILES. Rubber. PETROLEUM. 
Computer Programming, RERIGERATION, Industrial Chemistry 
and Diesel Engg, Metallurgy. Executive Secretaryship. 
Executive Development 

SPECIALISED TRAINING FOR A M I E (India), A.S E. 
(London), NPC Supervisors. I IT Entrance. Cert. A.I.I B , 

D B M.. (I M.C ), D.Com. (Bus Org.), D Com (Accounts & I. 
Tax), D Com (Banking). D Com (Costing), D.Com (Coy. Sec.). 
ACS (India) & C.A Entrance, Probationary Officer's Exam, 


We are recognised training centra for Cert AMO, 
i _ODOM (IMC) Examinations 


D Com. (IMC) 




! B.I. LANGUAGES INSTITUTE 

UCO BRnk Bldg. Flora Fountain, 369 D N Road Bombay 400 023 


(■pacify languaga) 


Tools and Kits supplied for Radio Engg and 
_ Transistor Radio Engg coursaa _ 

O Alia aipsTt coachiiii lor Bank Probaiionary Ollicars' Eiam e Bonk Cloricsl Eiasi. 

• Aptitudo tssl tor DBM (IMCJ Eiain 

r--"1 

I THE BRITISH INSTITUTES I 

I 56/R26. P 0 Box 1075, 359. D N Road, Bombay 400 073 j 

I Please send nia a Prospectus in the SUBJECT. . . « . I 


f Address . .j 

I t 


Enjoy the pleasure of a truly 
creative hobby^home 

ICS THE OLDEST 

CORRESPONDENCE 
COLLEGE PROVIDES 
SPECIALISED 
COURSES IN I 

PHOTOGRAPHY 
DRESS MAKING 
WATER COLOUR PAINTING 
Other interesting courses 
Interior Decoration, Beauty Care 
& Personality, Pattern Cutting & 

Designing. Cartooning. Commercial Art. 

Fine Art, Short Story Writing. 

Free Lance Journalism, 

T V Script Writing, Gardening, 

Flower arrangement. Good English, 

Public Rtflaiions, Advertising, 

Private Secretary s. Hotel & Catering Mgt 
ELusiness Mqt. Personnel Mgt 
Marketing Mgt, Office Mgt. 

Electronics. Architecture. Radio, Audio & T V Servicing. 
Refrigeration & Airconditioninq. Metallurgy, 

Cotton Carding & Spinning, Instrumentation, Automobile tnqg 
Mechanical Engg 

Wnta today sand coupon coma parsonaUy or talaphona 2567^5 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

56‘D26,UCO Bank Bldg . Hutaima Chowk, P O Box 1931, Bombay 400 023 
r INTERNATIOHAL CORRESPONDENCE^SCHOOLS 

j 56 'D26.UCO Bank Bldg , Hutatnia Chowk. P 0 Box 1931, Bombay 400 023 
j Please sand me a Proapects in fhe SUBJECT. . . , . 

I Name ... . Education 

Addreis 



1 ^ 
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COMPUTER CALL QE 

■.U. ii iU kJ OB ORIENTED DIPLOMA 
COMPUTER COURSES 

B.O.P S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


Advanced Computer Programming 
Cobol Programming 

Baeic Programming _ 

Fortran Programming 
Pascai Programming 

Data Base Management _ 

Word Processing _ 

Consoie Operations 
Data Entry Operations 


"We've 22 computers including systime S-SOO 
multi-terminai -16 bit system at Madras as weil as 
Appie It pius-TRS'80 - IDM-S30 and Lax>80 computer 
systems in our Laboratories which are exclusively used 
for practical training to our Students” 

We have Overseas Recruitment Division, registered by 
the Govt, of India. _ 

Successful candidates will be short listed for possible 
appointments in big organisations. 


BOPS BECAUSE BDPS IS THE BEST 


CONTACT 

B.D.P.S. FOR hURTHER DETAILS 

— — BUREAU OF DATA 

PROCESSING SYSTEMS 



HaadOffica 

B D P S 'I T I 

103, Hind Raiaaf han Bldg 
Dadaiahob Phalko Road 
Dadar Fast 
BOMBAY-400 014 
Tal No 448422 
BDPS'IT I 

Krishna Cinema Building 
Idl Floor, Shivaji Chnwk 
KALYAN-421301 
BDPS 1^1 

Alankar Cinema Building 
Near Railway Station 
POONA-411 001 
BDPS.ITI 
Mathura 
Wowrey Lane 
Shivaji Road 
NASIK-422001 
BDPS ITI 
Dhanwatjy Ashrum 
Malviya Road 
Sitdbuldi 
NAGPUR -12 
BDPS ITI 

Dr Bcinsod ^ Compiiiind 
Isr Flour, Maltekdi Road 
Neoi Central Bus Station. 
AMRAifATI 
BDPS n I 
Gaoia Niwas 
Haiurkar Building 
Mdidan Aad 
AHMEDNAGAR 
BUPS.IT I 
24 A, Woods Road 
Opp Miidrasa Allani 
MADRAS-600 002 
Tel No 811 ?/b 
0 D P S /I n 
No 18 

Old Bank of Baruila Street 

Ambeltur 

MADRAS-600 053 

I T I.BDPS 

14fA Devoraian Siropt 

Vedachaiam Nager 

CHINGALPET603 001 

BDPS I TI 

No / Patiatiirama Pilldi 

Stropt 

Tenniii 

TRICHI - B20 017 


BDPS ITI. 

No 4. 

Jag Jeovan Ham Street 
Shpnoy Nagar 
(NparGovt HospitdU 

MADURAI 625 020 

BDPb ITI 
1 St Fluor. R S Building 
141. Rdngdi Gowdur Strppt 
COIMBATORE-641 001 
BDPS ITI 
81 ChpiryRfjnd 
Opp P W D Oftir,, 

Ni'dr Hpservc Lino 

KumflrdSiiinypdtty 

SALEM 636007 

BOPS ITI 
No 12 I^Tilrior 
South Cor Strri'i 
TiruriHlvolli Town 

TIRUNELVELLI-627 006 

B D P S d T I 

No I A pcrundurai Road 
Opp Sdihya Moorlhy 
Hobpitel 

New Ravi Theatre 
EROOE-03B 009 


BDPS ITI 
22 1, Kaipadi Road 
1st Floor 

VELLORE-632 004 

BDPS 111 
NoTi, Vicforid Rond 
Near Head Post Officp 
TUTtCORIN 
'T Nadu ) 

BDPS Ml 
Bli, Gr'tifhiyacJicjdl St 
KUMBAi:ONAM 612 001 
B 11 P S ITI 

152 Kamrilchi Arnmdii Koil 
St 

Opposite Kanddn 'Tfipatre 

PONDICHERRY-605 001 

BDPS TI 

12 bth Crosr Hood 

Gandhi Ndqar 

BANGALORE-560 009 

Tul No 7ft414 

BDPS ITI 

2b, 9th Mom, 3rd Block 

Jdyanagar 

BANGALORE-500 011 

BDPS ITI 

873. Narayana Saahri Rd 
Opp Mahadeswara Temple 
MYSORE-570 004 


B D P S 'I T I 
Deepak Building 
Bannanjo MalpoRoad 
UOUPI 
BDPS Ml 
Dinker Building 
Vidvd Ndgjr 
Miiin Riiad 1 
HUBLI 580021 
BDF S 111 
Shivdyan 

Opp I 'ngrai Colleqe 
follogp Rodd 

BELGAUM 590001 
BDPS ITI 
Oharot Buildinc; 

Room No 40 Ird Fluor 
KS Rao Cross Rodd 
MANGALORE-575 001 
B D P S >1T I 
Jagadhinivas 
1st Link Road 
2nd Cross Road 
Sathyanerayan Pet 
BELLARY 
e D P S /I TI 
4ih Floor. Vellho Bldg 
Near Municipal Garden 
RANJIM-GOA 


B D P S 11 I 

3rd Floor Dwaraka Bldg 
Near Cine Lata 
MARGAON-GOA 
403 001 
B D P S <11 I 
Melquiedes Building 
Behind Judicial Court 
VASCO-DA-GAMA - GOA 
B U P S T I 
Shankar Building 
Below Poornima Lodge 
Ansa Bhott 
MAPUSA-GOA 
BDPS Ml 
Parvathi Mandiram 
Near Dairy Farm 
Pattom 

TRIVANDRUM-695 004 

Tolno 656b1 
BDPb ITI 
10 41bE 

Moidnen Palli Road 
NearCorp Bus Stand 
CALICUT-673 001 
BDPS Ml 
3B'80, Convent Road 
Near Convent Junction 
brnakulam 
COCHIN-662011 
BDPS Ml 
Jid Floor 

338 Chandralok Building 
Office Cor^plex S D Road 
SECUNDERABAD -500 003 
BDPS Ml 
118 Prakasani Road 
Opp Town Club 
TIRUPATI-517 501 
BDPS m 

3id Floor Above Dona Bank 
Opp M S University 
8AROOA-390006. 

BDPS ITI 
Co Si Xaviei’s Fnglibh 
High School 
Khasmahal Ta’anagar 
JAMSHEDPUR 


• T > 

A k.' I i <• 
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If you*re over 18, 
and have stopped growing, 
but are still not as tall as 
you*d like to be, INSTA^HEIGHT 
guarantees to increase 
your height upto 15 cms. 


-12 


"INSTA-HEIGHT is a new, safe and 
scientific method of s-t-r-e-t-c-h-i-n-g- 
your body to increase your present 
height Permanently Thousands of 
men and women in the U.S.A have 
reported height gains of upto 15 cms 
by following this revolutionaiy new 
height increasing method 1 am not 
surprised 1 have thoroughly amlysed 
INSTA-HEIGHT. Unlike other so-called height 
improvements methods I can fully endorse 
INSTA-HEIGHT-and say it works Effectively 
and permanently" 


Dr. (Mis) D. U. GIANANI 

TALL MEN AND WOMEN DOMINATE OTHERS I 

I'ou i[r* jnag»? l by ynus looks ' Often, youi whole career 

111** fii'jt irnprehMon you crodle Look ciround you 
dTiii SOP fi>i ycM-.elf, most fjenple who uie aucce‘’sful have the 
.Hlrlod inspl of I t.ill 3 iitl iniposriig pctsonolily 

INCREASE YOUR CHANCES FOR SUCCESS I 

Thi* tdllei d pt*r'.on. Uu* mote easily he spems to reach boci.il 

love, sports, lobs .mri other plea:'lies, You too. f.in now 
enjoy iho benefit, uf being tall 

Whether you ate Ifl oi JO. you c.in still possess the tiemendou.s 
assPt'. of d bitiicmq fiyuie just weeks after, going through 
diKi pid^Oiing this birnph* btep-by-Mep coui:e. you will be 
able t ) qrim dh niui'h .li j cins to 1 ^ cmfi, in height Thousands uf 
men and women in America have expeiienced phenomenal 
height incre.isby following the revolutionaiy new 
INSTA-HCIGHT method 

SPECIAL 7-DAV MONEY-BACK GUARANTEE ! ■■■ H 

INMA-ME!r'tHT fa division of Business Development A&sociales) 

3/30b Naviivan Society Lamingloii Road Bombay 400 DOB 
Please rush me your Insta-Heiqht programme immedidtely under yuur 
one week guarantee period If I am not satisfied I understand 
I can return it within a wehk for a fult refund (less packing and 
postage) -no questions asked Pfease tick □ appropriate box 

□ I am enclosing Rs 27 (Plus Rs 3) by cbpque/Barik Draft/lPO 

□ Money Order for Rs 30 sent (M 0 No • - dated - ) 

□ I am not encfosing any money but shall pay postman Rs 30 on 
delivery by V P P 

Name- 

Address -GUARANTEED HEIGHT INCREASE ST-II 



POST THIS 
NO RISK 

COUPON TODAY I 


—11 

-10 

—9 

-8 

-7 

-6 

-5 

-4 

-3 

-1 


INSTA-BEIBBT 


I 

I 

I 

I 
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BANK RECRUITMENT 

PROBATIONARY OFFICERS/CLERKS 


“Specialised Iraining in NSB 
Regular/Corre^xmoence Courses hzis proved 
to be the guaranteed Wc^ to secure jobs in 
Banks as Probationary Officers & Clerks." 

_ .saysE^tor, Citylight, Bombay 


Banking: ^ 

A Rewarding Caree^ 


Nearly 2S00 Probationary Officers SWL 
are recruited every year by Banks 
in India This avenue of direct recruitment 
os Probationary Officers in Banks offers a 
promising career for bright young people 
today Any graduate between 21 and 
28 years con apply for the post The lob 
brings a handsome remuneration, security 
of service and job satisfaction The work 
content is rich and varied And, after 
nationalisation, Bonk jobs have acquired a 
new srafus 6ec ause noiv the Banks have 
taken upon themselves the responsibility 
of building a better fndia Today, in our 
Banks, our social ideals find a dyncimir 
expression Bank jobs, therefore, offer the 
opportunity and challenge to participate 
in shaping our country's future 


thnro**^^h coaching becomes a MUST 
CHINc. 


BDPSi 
No 7 Pniu 
St'oei 
Tennur 


If you have applied to State Bank of India 
or any Nationalised Bank Boards, for 
POor Clerical Post Join our Course now. 




I Our Professionat 
Commitment 


M/e coach in regular I 

Courses of fiomhoy, Pune ) 

and Jjy POSTAL TUITION ‘^9^ 
throughout India for ob/ective^^'^ 
and descripfive test of PO exoms 
All suhiri ts -]) Reasoning (verbal, logical 
non verbal) (2) Quantitative Aptitude 
(3) Genera/ Aivareness and Current Affairs 
(d) English Comprehension (S) Essays, 
letters, precis writing are covered exhaus¬ 
tively Specialised practice books on all 
subjei ts covering thousands of typical 
and actual exam questions are supplied 
in the Course These hooks are not sold 
to others 


Success Earned is 
U Success Deserved: 



NSB’s Faith in , 
Specialisation: 

^SCHOOL OF 

A/tJiionu/ School of Rcin/^iriy BANKING 
head quartered at Bombay, ~ as;. 

Lvas founded a few years ago _ 

as a specialised insfifufe providmg 


Selection on di 
Merit through ^ 
Competitive Exams: C£J p 

iV/ien I oi ani les of r 

Prubafiuntiiy Offners Clerks 
lire dec kited at intervals of almost every 
three months hv one Bank or another, 
large numbers apply for them and appear 
for the intensely competitive exams based 
on general intelligvru.c tests Standards of 
evaluation are most rigorous and impartial 
The percentage of succc*s5 is lower than 
0 S% In 2979 80. from a total of lakh 
applicants. 2300 were taken as POs by 
Bonks Therefore, every single additional 
mark that you can get becomes important 
A prouenly competent, specialised and 


We are /vst a few years old 
buf our successes have been 
nofed across the country Help and 
recognition have come from everywhere 
and in abundance Test after test, 
hundreds of our students loin the 20 
Nationalised Banks, State Bank, Associate ' 
Banks.UC. CIC. ECGC as OftKcrs 
The subjects, syllabus, pattern of tests 
and examining body (NIBM) for all ttiesc 
exams are same Naturally we have a 
single common BRPO course for all 
these exams Success oriented stuaenis 
join the Course well m advonce of the 
test and benefit by our step by step nnd 
exhaustive coaching Admissions arc 
open round the year but the nun'Ot-r ej 
admissions is limited to the number of 
vacancies declared by Banks 

The entire course materials and books 
are supplied on urgent basis in large 
instalments to those whose exams 
are scheduled soon 


JOIN NOW AND PREPARE FOR A 
RICH AND REWARDING CAREER 
For details of vacancies application 


coach,ns ma.n/y for BANK RECRUITMENT wV.,; 


exams - of POs and Clerks 
It has grown rapidly and is nourthe largest 
pre recruitment training institute in the 
country Our continuous research and 
on going study o/ohjet live and dest nptivc 
exam questiOQ papers have contributed 
to our present pre eminence as the central 
institute for BANK RECRUITMENT 
training 


today with Rs 2l P O or M O to 







National School 
of Banking 


Telogram BANKSCHOOL 
Telephone 406280 
Ash Lane (Babrckar Mar(}),off 
Gokhale Road.Dadar, BombaY'400 028 


e only specialised Bank Recruitment institute in the country. 


RviTuilmrnl i'rnhaliunarv ORIcrrs Coursi* and preparr full> fur Ihr rorlhcnminf; NalMmnHsrd Banks P.O. K\a 


SCiFNCE TC 
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20 New life for old paintinqs 

bv O P Aqrau^o/ 

The restoration of paintmqs 
involves scientific knowledge 
as well as artistic skill 



I" New light on electric lamps 

/)V Sv/i’esfer Lnho 
[‘ncrgv efficient and long 
lasting lamps are here 

A cosmic journev to black 
j holes 

h\j Gecirge Mumptlli 
l-roni the diffused inleistellar 
matter to the hlac k hole is an 
i^xciting cosmic saga 
jh Bookshelf/White hole 
Universe 
f)V John Gnhhin 
Rxcerpis from a faM‘mating 
new hcK>k 


^2 Manager extraordinaire 

bw S Arun-Knnuir et al 
Contiruiinq our series on 
Com purer land thi» operating 
system is to the coniputer 
what n^anagement is to 
business 

•16 Clinical depression 

by A l/enko/)cJ Rent 

Why are peopk^ vulnerable* to 

rncxid disorders'-^ 

50 Solar water pumps 
bv R S Soin 
Water pumps based on 
photovoltaic cells hav'i* iinH'h 
potential lor irrigation 
54 Controver$v/ls intelligence 
inherited? 

/ly Bal Phondkc 
The question remains 
unanswered though several 
modern scientific theories have 
been put forward 



62 Bhabha on administering 
science 

bv B M LJekfunnkar 
Continuing the article on 
Bhabha s views on 
scientific development 

64 Close encounters of the 
fourth kind 

Sciem e fu tum bv Atun Sadhu 

70 Molybdenum: The saintly 
metal 

bv R M Satho 
Kesouri es lor tornorniw 

( (A M) Ut SItirj HV HAMI SH SAN/f ilMI 


7 Science Spoofs 
0 Close Encounter 



Feedback 


U Science Shapes Life 


16 Fun with Maths 


^6 Consulting Room _ 

^ Scient ifically Speaking 
14 Round-up of Research 


•K) Youth Forum 


41 Awards and Appointments 

67 Women and Science _ 

69 Blurs and Bright Spots 
60 Revi ew 

77 Brain Teaser _ 

ideas and Inventions 


by Poshc? _ 

Can we attribute all the ills of science to science per 
CoiK lele controversv rVrvIliurn a ucm of a rrn't.il 
Putting population in the sea T he ill fated advcMituiei of the Mulsu 
Digit block processing />y A R Kti/igo'Magic '-quares bv Biswnnath Da^ 

Dental caries is preventable by PS Fiirnrr _ 

‘‘Logv”c*.il learning bv Mariees/i Muhnfil 

Nuggets iiom space fjyTK S M unhy _ 

Roots of genius bv S Sundarara f_ 

Prof Ydsh Pal, Secretary. DST Prof U R Kao, Chairman Spa c e Commission 

Synthetic detergents by R V Soi‘cjmi _ 

Yes Ministerji bv Prahha Kur 

Frozen moments bv Vtihal C Nudkarni 

Sin gle circuit figure fiy A R Rao __ 

Can coconut oil substitute diesel'*^ 
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Power diodes from the Keltron supermarket: 

Even when you need 1,00,000 diodes 
right away Alloyed or diffused 
junction diodes Normal or reverse 
polarity configurations Flat-base, 
stud-base or press fit types With or 
without pigtail A range of construction 
designs. With high thermal stress and 
peak junction temperature tolerances. 
Current capacities upto 375 A 
Voltage ratings upto 1800 V 
Approved by P & T and RDSO 


Regd Office □ Kerala State Electronics Development Corporation Ltd .Keltron House, Vellayambalam.Tnvandrum 695 001 Tel 60821 
Telex. 0884-273 KEDC IN Telegram El ECTRONIC 

Brarwh Offices. U102 A Poonani Chamoers, Or Annie Besant Road, Worli, Bombay 400 018. Telephone 893457,397448 Telex 011- 
5139 Telegram KELTRONBOM □ 75 C Park Street Calcutta 700 016 Telephone 245654, 213200 Telex 021-2207 Telegram 
THYRISTOR□ SudarshanBuilding»86,ChamiersRoad.Madras600018 Telephone 442310Telex 041-7632Telegram KELMADD 
Hemkunt Towers. 2nd door, Nehru Place. New Delhi 110 019 Telephone . 644692, 648493 Telex 031-3774 Telegram KELTRON □ 
Centenary Building, <'8. M.G Road, Bangalore 560 001 Teleohone 564492. 564528 Telex 0845-746 Telegram KELTRON □ Syrian 
Church Road.NearSpencer Junction,Tnvandrum6950l0 Telephone 60241 Telex 0884-283Telegram ELECTRONIC□3-4-492,First 
floor, Barkatpura. Hyderabad 500 027 Telephone 63786 Telegram KELTRON □ 67, Pritamnagar, Mangaldas Road, Ellis Bridge, 
Ahmedabad 380 006 Telephone 79867,463664 Telegram KELTRON MOMXCIQflK 


KELTRON 
CO MPONE NTS 

THE 

ELECTRONICS 

SUPERMARKET 






Thank Newton for his deiicious Law of Gravitation... 


...Oh, dantn^ I talfe hack my words... 
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TO MOVF YOUR IMPORTS AND FXPORTS YOU DONT IIAVt 70 MOVl 

OUT OF YOUR CITY 

PORTOKMADRAS 

PROVIOFS 
A NEW SEA 1 INK 
fO OVFRSFAS DFSIINAIIONS 
IHROUOH 

IN.I.ANI) CONIAINLR DFPOIS 
AT 

NEW DEI HI, BANCiAl.ORE, COIMBATORf & GUNTUR 
BENEFITS YOU ENJOY IN ROUTING YOUR CARGO THROUGH THE ABOVE ICDs 

• THE PROCFSSOF PRE-SHIPMENT , PRE-I ANDING DOCUMl NTA7ION WII I BE COMPl El ED AI IHE 
ICDs 7HFMSFI VES, 

• 1 ENGTHY DOCUMINIA7ION PROCESS IS AVOID! D 

• CUSTOMS. EXCISI ANDO I HER FORMAI HIES WII I BE C'OMPI niD A I IHE ICDs 

• REDUCES MULTIPLE HANDI ING OF THE CARGO RI SUl IIN(i IN REDUCTION IN IHE HAND! IN(i 
COST AND DAMAGE lOTHE CARGO IN TRANS! I 

• ELIMINATFS PH EERA(’.I 

• SAVES EXPENDITURE ON PACKA(ilNG 

• ENABI ES BET I FR UTTi.lSA I ION OI I HE CARGO SPACT 

• TRANSPORIA IIONOE I HF CARGO IN A ( ONT AINFR FROM I HE EACIORY SI I E TOT HI CONSUMER 
IS POSSIBl E 

• INSURANCE PRI MIUM IS REDUCED 

• SIORAGL OF nil ICD CONTAIN! R (IMPORTS FXPORIS) IN THE MADRAS PORI IS ERIE UPT TO 
DAYS 

• RAH WAYS Will. MOVE THE CONTAINERS FROM THE ICDs. WITHIN 24 HOURS OF STUFFING T HE 
CARGO INTO THE CONIAINERS AND COMPl I 1 ING IHE EORMAI HIES 

• YOU G! I YOUR MONEY IMMEDIAIEI Y BY ENCASHING I 111 IF ITER OF CRFDITWTMI IHE BANK 
SOON AFTER SIUFI IN(i I HI CARGO INTO I HE CONEAINI R AND COMPl E I ING THE CUSIOMS 
FORMAI IMIS A1 I HI ICDs 

• SAVES COST. TIM! AND I ABOUR 

FOR I UIIIFR PARIICUI ARS PI FASl T'OMACT - 

TIIEPHONIS 29201 (10 Ins ) M AN A(iF R (M ARKE I INCi & SLRVICI S) 

29151 ( 5 Ins) MADRAS PORT TRISI 

22IT9 (Diicct) RA.IA.il SAI Al 

MADRAS-hOO 001 

GRAMS PORTRUSr 
11 1 IX 041 TTI 
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rtKirt 

etm>e* thft 

t 4su|[|yi«qi4i««.0iMiwi>i» 
^(k^> An)f ^rtki$ijns 
akare^ k is ttseeoi, 9 ^ not 
t> be looked tMxm VMth A 
tolarantOrbeitewciterit«i« Ills, 
therefore, bekeved tkot Nature ts 
bound to nedahate llus skejkhcalt 
but not necessarikt anti-sci^e 
lobby, is sure to see in the recent 
reoort on the use of antibiotics in 
cattle on British ferms a further 
proof of their worst fears 


According to papers published 
in Science and The t'kiw Bigktrui 
Journal of Medicine, antibiotics 
^ given to animals to make them 
grow faster are an important 
cause of a growing number of 
human infections Some of them 
are fatal because these 
antibiotics encourage the spread 
of Salmon^ strains that are 
resistant to life saving drugs. 

We would not be surpnsed, if the 
news on antibiotics goads smne 
apparent dogooders to press for 
a ban on antibiotics totally 


Anas, get dktiMtf ty4k«^ 
MMh AscoM^twa 
IMr firming 
t#am.|Rif ift«0 
dbjecffve Uew, ^seh nkevdcfa 
accruing from the mteuse of a 
scienttfk; Ad>etoimta^ 
outwmghed by their banolts fo 
humanity 


If we teike m 

vlew^ tlie 91-’ 
effects eccfuHiik Irbm 
themlmeeefe , 
acientiHc 


ikveUMiettt i|re far 
ovtwd^jiei ttieir 
bendPte to 


■T 

And even thdse fj^vety few 
setbacks cannol^k deectly 
attcibid^ to scmI^ per $e they 
are s|red Iw tkaddloniBn who do 
not ijHwa or indinahon to 
study aB asyects of the 
instrument that science has 
debveredtp them 


thkiiiuk leSL uNtrA^ in the ^ % 
dtailot1iN}a«t«Bggerated 

niebitik^ioraiit, . .. j 
■. uieft- 

■ i* 


pnnsi 

mteni 


f 5 ffiSS 2 toa)iike 

gat easily innaMiad'ky Ihi 
emiMttKinaBled, eyater^ 
aitnjbiaiidaiA^^ in the lay i 
Bim phiKVMnedtiars aiid ai 
pnlession^ acjkninictm^ 
hav« to dmie dte tHUne kbrthfiti 
mwbegiMien farogemaa df adSjbia 
Thay ttm do not gat dibtofahiwf 
fidly acduaimeduBth the ' 
advmlUii^-^ind Ivnitatiolv* 
even thofe sewktific adv« 
they ant tryirig to further Ncgtr 
they make any efforts to eebjoai 
diosc uiho are to be entruatad L ^ 
with the job of actual appUcancw*^ 
of die fninta of sOianiDe and 
technolos^ hi today's age of 
ihformabon eitploston they have 
noejfcuae Unless they change 
thrir attitudes, the general 
popoiaoe wiB eitpenonte 01^ tthg 
harmful effects of aCience and^W 
Its benefits 
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CONCRETE 

CONTROVERSY 


Congratulations to Vithal C Nadkarni 
for the timely and soul-searching arricle 
“Concrete worse than clay" (June, 1984) 
The subject had not been dealt with 
previously by your magazine 

Politicians, engineeis and contractors 
are all responsible for the state of affairs in 
construction industry, involving concrete 
in partic ular Unfoi tunately, ISI Codes has 
specifications for the materials and methods 
involved in construction, but not for the 
men who manage it It is a tragedy that civil 
engineering profession is controlled by 
illiterate or not too technical contractors, 
and unwilling engineers As bng as 
engineers, though qualified and technically 
competent, turn out to be mere 'puppets’ 
in the hands of contractors and other 
powers that be, the profession and the 
population will continue to suffer 

LAKSHMINARASIMHA RAO 

/ yV' IR ('ij/cjni 

ShaKnmiqtit yR^I70 
HamjfuKu 

Vithal C Nadkarni is unduly harsh in his 
criticism of the construction industry in 
India If because* of Akashcleep and 
Cangaram shopping comf)lex collapses 
buildings arc “the death traps”, the 
railways can be branded as mobile 
“gallows” and the administration in the 
states cif Assam imd Punjab can be vililicd 
as “butcher bureaucrats”, consicienng the 
hundreds and thousands of deaths involved 
in rail accidents and the carnage of Assam 


and Punjab respectively As against one 
crumbling Akashdeep, there are numerous 
‘'Akashachumbii>** standing solid in 
Bombay and other cities. The cntics 
should not he totally blind to the facts, 
while advocating their theory of uselessness 
or waste of money invested in construction 
projects 

By saying this, 1 do not intend to 
commend the happenings in the construct 
ion industry If the country incurs about 
50'^i of its planned expenditure on 
construction industry alone, the men at 
the helm of affairs must take legislative 
measures to establish a central authonty 
to grant licence.s to I he practitioners of 
the concerned engineering profession and 
tn the contractois with ininimum qiuili 
fications and financial back up in the latter 
case, on the lines of the medical, law, 
accountancy, etc professionals Such 
legislations should then soon come into 
force 

As a consiruction engineer of about 25 
years’ standing, on the practical side also 1 
wish to highlight a few constraints of the 
field engineers/contractors in obtaining 
(judlity products for construction Unlike 
in other industries, products in construe 
tion industry, mainly concrete, ntiw under 
discussion. IS made up of basic ingredients 
ohiairied from nature without any prix'ess 
(except cement) Therefore, it is hound to 
vary in its qiidlitie.s, though specifications 
arc set forth by the National and InttM 
national bodies Hence in spite of the best 
efl(»rts on the part of engineers etc to 



maintain uniform qu<ilities of ttrese 
ingredients, it is impossible to adhere to 
the rules because of various site conditions 
and technical reasons 
This IS further aggravated by the lack of 
automation in quality control in this 
industry, compared to many other lech 
nologicdlly advanced industries like steel, 
chemical, petroleum, etc This factor also 
entails insufficient cunng of concrete 
which IS the most harmful and neglected 
aspects in concrete making A controlled 
concrete mix can fail to give the requisite 
strength if badly cured, but an uncontrolled 
mix can give satisfactory results if 
methodically cured, as specified in aAl 
respects The availal^ility of a particular 
category of cement, ordinary Portland or 
Pozzolana, needing different lengths of 
time for Luring to gain the minium 
strength also poses complications 
Considering these and several other 
factors, will it be justifiable to blame the 
engineer for the failure of the structure^ 

C I SHASTRY 

W. Ifiniiinqfhiiirfl 

I'linuivpilh /Vii-nif 


Beryllium— A gem of a metal 


The article EJeryllium Tl'ie gem of a 
metal (Apiil, 1^84) hv Di M S Ahiija is 
interesting with data ludic i-nisly compiled 
and pie:>enled However. certain impoi tanl 
aspects su< h as ^leologv mineralogy, 
lesources and ir'idiistnal applications of 
IvTyllium should have been dealt a little 
more* 111 detail and i orrectly to enhance the 
generalised nature of the article 
India IS endowed with vast resources of 
beryllium minerals, partic ularly the* rnineral 
beryl tor use in both the engineering and 
gem industries The host roc ks pegmatites, 
gianiles and melarnorfics which occupy 
several thousand square kilometres of lire 
Indian terrairi are most prcxiuctive in the 
states of Rajasthan, Bihar, Andhia, N^dhya 


F’ladesh. Orissa and Kerala Indian hervi 
cjenerally contains Ben of the carder 8'n to 
13".. whereas exploitation c»f a deposit is 
usually consideii’d economic if I he content 
of the T)i( kablc beryl exceeds 0 02'*«» 
Rajasthan has ihc dislini tion of piodunng 
l.rrqe hexagonal beryl crystals sometimes 
weighing as much as 20 tonnes 

Further c oming to the beryllium minerals 
there are 45 recorded rnineials (and not 
only 30 as repcjrted), out of which six are 
the pi incipal ores of beryllium - Beryl (Be i 
Ak') (Sih Oih), Phcnacile Be^ (SiO^), 
Chrysoboryl (Ak BeOi), Bertrandite Ben 
(Si'..* 07)(OH) ?HelvileMnM(BeSi04Ss?)and 
Bcrylite (Be^SisO?) Perhaps due to an 
oversight or a printer’s error, in para 5, 


lines .3 find 6. the woid IxTyllium (2 BeO 
Al O I oSiO ) has U^en used instead ii^i 
Beryl (Be 'Al - (SwiOh) 

GS BHATANAGAR 

Almnii MirirrnN /)ii »si jii 

'V. sf IVcH k No VII 

H h f'lircini 
Nimi D(*lhi ftft 


Rise of tlie robots 

My hearty congratulations for publishing 
the valuable and informative article 'Rise of 
the Robot’ by 5 A Khan (July, 1984) 
Goliath’s Killer in the same issue is also 
interesting 

NANDAM C. SHEKAR 

Sfrpiv, 

Joilrhcrla. 

AnJIira htulpsh 
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PHILIPS 


Fast, economical analysis for the iron & steel industry 

6 reasons to choose 
Philips PV 8020 spectrometer 

1 Umt orlanM lyttom 

The spectrometer measures 20 pre¬ 
selected elements and is factory 
calibrated for low to medium alloy 
steels and cast Irons However it also 
has the capability to analyse stainless 
and high speed steels should this 
be required 

2 Compaot eonstruollon 

Compact rigid construction with 
built in thermal and mechanical 
insulation means that no special 
facilities are necessary Hence 
expensive installation costs are 
avoided 

3 Preolslon manufacture 

Special laser alignment and precision 
manufacturing techniques are used to 
ensure that the highest standards of 
construction are maintained A long 
trouble-free operational life is 
therefore assured « 

4 Easy to use 

You do not have to be a trained 
analyst or computer operator to use 
the PV 8020 Shop floor personnel 
can prepare and load the sample 
type Its Identity on the typewnter-style 
keyboard select the analysis 
programme number and push the 
start button The instrument does 
the rest 

5 Total customer support 

Comprehensive documentation is 
provided by us on how to make the 
most of your spectrometer — 
if necessary arranging on the spot 
instruction 

6 Powerful capability 

The system offers the advanced 
performance of the HP 85 computer 
and a comprehensive software 
package 


For further mformatipn on PV 8020 please contact 
Philips India Scientific & Industrial Equipment Division 
Block A Shivsagar Estate Dr Annie Besant Road Worli BOMBAY 400 016 



Philips - the trusted Indian household name for over fifty years 
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'Futtyis population 
;iti the sea 


[^MARINE city on a 


man-made 

Lahore island? The idea may 
• ^|ibund Car-fetched but not to the 
Japanese who have already 11 such 
'Islands. Now ihe Agency of Natural 
^Resources and Energy, Japan, has 
called for vigorous promotion of 
industry-government cooperation to 
develop the advanced technologies 
necessary for a marine city. 

. Japan ranked second only to New 
Zealand when its sea economic area 
Increased to 4,5 million square kilo- 
^ 'metres when the 1982 Law of the Sea 
Conference gave recognition to the 
^ eetablishment of '200-milc economic' 
leones. From then on research in the 
field of ocean resources—fisheries, 
"{i^luding artificial fish pastures and the 
^ light to the sea bottom to 
;ini^ase algal growth, seabed oil and 
wave.power, extraction of 
/Uriujinm from sea water'-has increased 

The poiribiiity of using sea as a place 
'^tojefore things is also being explored 
Synthetic skinned ^'sausages” full 
M oil may soon float in the oceans And 
;.;gihen the present cities arc getting 
; mes'e and more densely populated 
4-,lotting some of the population also in 
^the sea seems to be the most natural 
^iMngtodo. 

Cain human gene 
atoorders be put right? 

O NE of the human gene disorders 
that has been extensively studied 
in recent years is thalassaemia The 
disorder, in which there is a defective 
Synthesis of the polypeptide chains of 
haemoglobin, results from a series of 
.diverse siructuial mutations of the 
globm genes Scientists now believe 
that if these detective genes are 
replaced, thalassaemia can be put 
right. 

But before inserting giobin genes into 
blood cells certain difficulties have to be 
overcome. The red cell precursors in the 
bone marrow are programmed to be¬ 
come mature cells and live for about 120 
days ii\^circufrUion Therefore, the gene 
inseii ^^ hyiO be done into the target 
haemimB|||te stem cells from, which 
the redHH&hite blood celts are 




"Double standards. 111 say. Vve heard they even subsidise their condoms." 


derived, although there is no guarantee 
that the inserted genes would be 
expressed only in red cells or platelets 
Also, techniques for inserting foreign 
DNA into cells are still not standardised 

David A. Williams and his colleagues 
in the US have been successful m 
introducing a marker gene into murine 
(pouched mammals) haematopoietic 
cells using a retrovirus vector {Nature, 
310,476). They constructed a defective 
retrovirus vector containing a neomycin”* 
(antibKitics produced by a strain of 
bacteria) resistance gene and transfer¬ 
red It to the irradiated mouse 
haematopoietic cells These trans- ' 
formed genes had the capacity of self 
renewal 

The authors point out a few 
difficulties before this technique can be 
used for gene therapy Up to 15 
picograms uf globin may be required 
per cell to correct a thalassacmia 
defect, and hence the ir^crted gene 
would have to be very efficiently 
expressed in the host cells Perhaps the 
therapy can be used in certain enzyme 
deficiencies 


The ill-fated adventures^ 

of the Mutsu 

( 

T he Japanese Government has 
decided to keep the nuclear ship 
Mutsu afloat de'^pite all evidence that 
the project will serrve no useful pui pose 
The decision, regarded as the bureauc¬ 
ratic equivalent of a “perpetual motion 
machine”, is based on the notion that 
“we must spend more or the money we 
have spent may come to nothing.” 

The 8,200-tonne nuclear ship was ill- 
started from the moment of its launch in 
1968. Although it was ready for sea- 


trials by 1972, the planners discovered 
their most crucial lapse—neglecting 
public sentiment —when the bcal fisher¬ 
men launched a massive public blockade 
that was to last for two continuous 
years! The fishermen were terrified that 
Mutsu s radioactive discharge would 
ruin their mainstay of living—scallop 
fisheries. It was a typhoon that broke 
the blockade and the Mutsu was finally 
able to slip out to the sea- at midnight. 
When the Mutsu s reactor went critical 
a few days later, the planners’ worst 
fears began to be realised The reactor 
began to leak And the ship was not 
allowed to port for repairs The saga <jf 
improvised repairs on the high seas that 
followed would be worthy of any sea 
dog that values his salt' 

Rice boiled in borates was used by 
Jhe chef as radiation shielding When 
that proved only partially successful, 
cast-off socks were added to the grueP 
By now it was essential to get the ship 
ba<’k to port While negotiations with 
the fishermen dragged on for over a 
month and a half, the Mutsu clearing a 
radioactive trad wandered about aim¬ 
lessly The fishermen extracted the final 
victoi y‘ Mutsu would be allowed to port 
only if It left within six months - 
permanently! Not only that, all the 
shore based facilities would be removed 
and a programme of public works 
would be launched by the government 
o/ong with compensation for fall in sales 
of local shellfish tainted by the bad 
name given to the area by the Mutsu! 

Wherever i1 went, from the Mutsu 
city in North Japan to Sasebo in 
Nagasaki or Ominato in Aomoei back 
in North, the ship was greeted by 
protesting flotillas and it had to keep 
moving. By 1984, the ship had incurred 
expenses of 57.000 million yen (Rs 17.5 
crores) which is ten times the original 
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eog^ jwitnianj M wd 

yet mate jPtMrfl, plus tq ()jpK)iry 
protcstfkiraf , ; 

t»u«'wh€tt It II 

ftjrfher «um erf lOOdM) mHKNri Vqns 
w6iiM bti revdwjltdMrvs;^ 
full 4>pei;«tkifik.lhe Sckiic«imdT«c)jii^ 
Idgy Oitmvttee at fhe TuUng liberal 
^mocratic Party recommended that 
Mutsu be scrapped. Meanwhile the 
^^^ernment decided that the ship could 
only be housed m a specially construe 
ted port built at a cost of 6Q.00D million 
yens! Work began on this project a few 
months ago at Sekin^ama close to 
Mutsu city * 

In the meanwhile, the pendulum 
swung again. And it was decided to 
scrap the ship! But that was not the 
end Once again, the Muts^i was 
revived with minimalsupport. Why was 
this volte face made? it seems That the 
Japanese mission that went to the US 


and Europe to gain co-operation on 
nuclear ship development received a 
native reaction! Understandably, 
since nuclear powered ship are pnma- 
rfly used (or miitary purpose and no 
one was wHing to divulge the secrets 
won at enormous costs Thus the 
supporters of the **Save Mutsu” cam 
paign feel that outdated or not, Mutsu is 
the sole means of learning the tricks of 
the US nuclear-powered shipping trade 
The Mutsu experience has led the 
Japanese to do a bit of soul-searching 
They are now thinking to form a new 
scientific review body apparently 
modelled on the US Office of Techno¬ 
logy Assessment to avoid further such 
throwing away of money on.projects 
without any clear goal in sight The 
body would take overall control of, and 
ciMrdination between, the different 
ministries and agenaes concerned with 
science and technology. 


Cancer-causing quality questioned ■ 


CONTROVERSY has arisen m the 
US regarding the safety of 
cyclamatcs, the artificial sweeteners 
While Gere Goyan, former Commis 
sioner of the Food and Drug Admmistra 
tion (hDA) had refused to allow 
cyclamates back on the market in 1980, 
implicating them to be carcinogenic, a 
new study by the Cancer Assessment 
Committee of the rOA finds them safe 
for consumption This turn of events has 
led the National Research Council to 
reassess the whole issue 
The ban on cyclamates came in 1969 
when they were said to cause bladder 
cancer From then on the manufactur 
eis had been continually requesting the 
tDA to lift the ban. But Goyan did not 
budge saying that consumption of 
cyclamateb increased alt types of 
tumours in experimental animals. 

However, the new study complains 
that Goyan had tumped together 
tumours at different sites so as to yield 
the appearance of statistical signifi 
cance Also data from different 
laboratories ivere used to control 
experimental data without allowing for 
differences between the spontaneous 
occurrence of tumours and differences 
m pathological procedures at the 
I laboratories concerned* 


The controversy also brings into 
picture another much-used artifical 
sweetener, saccharin According to 
many FDA scientists, if at ail cyclamates 
are carcinogenic th^ are much less so 
than saccharin, which they feel should 
eventually be banned Meanwhile, the 
new artificial sweetener, aspiertame, 
though said to be safe, cannot be used 
in products meant to be stored for long 
duration 

"No thanksf We know about those 
classified carcinogenic addilives/‘ 




Banana-cure for ulcera 

F ^vi 

ROM curds to milk and wheatrl 
grfsss therapy, now k is heeianai^y 
for ulcer-cure. -The recent issue of 
British Journal of Pharmocohgy;; 
reports that certain chemicals in'" 
bananas prevent stomach ulcers in 1 
rats, even symptoms of ulcers alreadifV 
formed are alleviated. 

The above finduigs were carried bitrf'! 
by two collaborative research groupdr, 
one at Aston University inBirminghaMv'^ 
UK, and another at the Banaras Hindu ^ 
University, UP Prof. A.K. Sanyal ofthe'^ 
BHU supplied the samples of banana? 
powder, and the group at Aston 
extracted the active anti-uloi^v*" 
compound from these sarnpWk’^r 
The final end-product was 300 
more active than the original btfianl^ 
powder, 

Let us try to understand the modesf"^ 
action of the banana extract on ulcers. 
The lumen of the stomach is lined by/ 
the cells of the gastric mucosa which 
secrete the mucus of the stomach' 
cavity. Yhe gastric mucosa layer is 
found througout the intestinal tract. 
Ulcers are formed when this mucus- 
forming layer is eroded by gastric juices 
acting directly on this layer. This can be 
brought about by drugs or certain 
diseases. 

The Aston group observed that th$ 
growth of mucosa cells is stimulated 
when they are exposed to the purified 
active banana extracts The new ceUs 
produce more mucus, which protects 
the mucosa membrane from the action 
of the gastric juice. Also, where the 
ulcers have already formed, the 
mucus flows into the ulcer craters and 
seals them from furthci attack of the 
gastric juice 

The banana powder (four giams per 
day) was tned on human volunteers. But 
all bananas did not have the anti- 
ulcerogenic property, ripe or crafted 
bananas did not possess the proper^. 
Unripe bananas picked five weeks 
before ripening had the active 
ingredients Attempts arc now being 
made to identify the active compound 
Some twenty years ago the suggestion 
was that it is 5-HT which is contained in 
banana pulp, UDwever, not only did the 
Aston grouped 5HT to be less 
effective than banana extract, but say 
that rf is rerpoved during solvent 
extraefKin, 
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Man of Science: 
Agharkar 

ftitt lOfth birth anniversary of the 
f^of S P Agharkar, Pounder 
of Maharashtra Association 
Jlbr the Cultivation ot Science Research 
lAietitute (MACS) Pune tails on 18 
-^Movember 19B4 Prof Agharkar was 
bom in Malvan m Konkan and 
matriculated from the Government 
Hyh School, Dharwar, in 1901 He 
joined the ElphinstOne College, 

Bombay, m 1902 and took the B A 
degree m first class with botany and 
isoology He won the Bell Pnee for 
'English in that examination He got the 
M A m 1909 with zoology botany and 
geology He was appointed imme 
es lecturer and Head of the 
4'Bioloisy Department in the Elphinstone 
Cottege. Borabiw He served until 1913 
In 1913. he was invited to attend the 
centenary celebrations of Indian 
Museum. Calcutta, and this occasion 
to ba the turnins point inhislife 
^<>1ciitla University at that ttmc was 
'^growing vigorously under the great 
edocationfst and humannt, Snr AeulOsh 
cMukenee At the suggestion of Dr f V 
Baman, who was later to win the Nobel 
Pnze. then holding the •‘Prof Patit 
^ Chatr** in physics Sir Asutosh asked 
Agharkar to apply for “Prof Ghose 
Chair" in botany and enquired whether 
he was willing to proceed to Germany 
,fQrtvgher studies Agharkar agreed and 
went to Germany in 1914 
Soon after his arrival in Germany 
World War 1 broke out and he was 
interned as an ent»mv subicet in various 
camps till June 1917 He could take the 
proposed research only after he was 
released In December 1919 he was 
awarded Ph D degree by Berlin 
University where he worked under the 
renowned botanist Dr Adolplttiqler 
On return to India he started h« work 
as Ghose Professor of botany at 
Calcutta University from July 1920 
An important matter pertaining to 
the training of Indian scientists which 
Prof Agharkar got straightened out 
was regarding the award of overseas 
scholarsl^ of the Ljondon esfhibition 
of several 

tndHMW tia contributMjWl.^ funds for 
thdi|i«choUrships dRSil exhibition 
No IwrHifit, however, accrued to India 
I other doimnions at British 
leSiveic havffiS He, therefore^ 
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Profm$9ior Shooks Punhottwh 
Aaharkar 

made a full study of the auailabie 
reports of the trustees of thts fond and 
with the help of Sir Raghunath 
Parangsye who was then a tnembar of 
the Indian Council at London, got the 
matter moving He discovered that a 
scheme of scholarship of Indians was 
put up by the trustees as far back aS 
1891 and £ 65,000 were provided for it 
by His. Majesty's government, but no 
Indian sciwlar was ever appointed 
Prof Agharkar followed up this matter 
assiduously and aS a result, a series of 
Inckan scientists started being selected 
for the award of overseas scholarships 
of 1851 exhibition, London Dr HJ 
Bhabha, and Dr KB Surange. the 
present Director of MACS are among 
the recipients of this scholarship 
Although Prof Agharkar retired 
from the Chair of Ghose Professorship 
of botany at Calcutta University m 
1946, thoughts of a cozy life were 
farthest from his mmd He had been 
thinking of starting a research institute 
and he had indeed been working 
towards it mpeh before his retirement 


dgeoioik , andL 

baansmi. 

Ma 08 am^ i^esdaeth, 

memute, m been engaged m 
veeeaech actwitijtig m the field df 
bibh^al sciences-^boih of baste and I 
appfled pws tire. The mstikite carried oiif^ 
research work on over 100 different 
projects during the year 1983 84 under 
its efghi departments-Bloroetry and 
Nutrition, ^any Chemistry. Gene 
hes and Plant Breeding. Geology and 
Pateeontobgy, Mtcrohiology, Myco 
logy andPlav^t Pathpk^, and ^oqlogy 
The Botany Department in this institute 
was esrabhsfaed b^ Prof Agharkar 
himself in 1946 He mitidted studies on 
hi$ favourite sutnects like flonstics, 
economic botany and plant geography 
Prof Agharkar's deep and thorou^ 
knowtet^ of Indian flora and his 
personal collection of valuable books 
journals and back volumes on various 
aspects of botany helped to enhance 
the knowledge of applied botany tn 
academic curricula Incidentally, Prof 
Agharkar along with Prof H P 
Paranjpye first introduced in Pune the 
African oil palm (Bck i& guanensis L ) 
which IS a source of oil rich in vitamin 
A He alsoftihowedthat thebe palms can 
thrive m ccuu tions prevailing in Pune 
and can yield one million tonnes of oil 
per acre of compact planting 

C Asok 


The main building of the Maharashtra Asaociofion for the Culiwatton of 
Science founded by Prof Agharkar 



Jta. 





4Mj| |mdiict«)n 

to 

tailhfis diAeront dsto^caii^n^ 
oriiitfsm^ imd Itit^rnify tenrinn them ti» 
bw aitd pitees. 

TWo Gembrnbc gii^upe now report 
the complete fMictotidie eeqmencmd 
(H>(rftt8 h w ep ei>!i) ct ttieIgpttemAMrr 
vma avi GBV wee taken from a 
patient wrth mfeclxwe mononucleosis 
an4 was used to mfect marmosets' 
(stpall. tropical Americen monkeys) 
lymphocytes producing the B95*3 line 
Tumourivomoting chemicel inducers 
tficreasad the amount at ebv secreted 
by this Hne. EBV was coltected 
from the supernatant and the DMA 
was isofated Subsequently, it was 
cut with restriction enzymes and 
incorporated mto plasmid vectors 
These plasmids were grown in E co/i 
and many copies of each cbned 
restriction fragment of the EBV was 
isolated DMA sequencing method deve 
toped by Sanger was used to read off 
the base pairs on cloned pieces The 
6 000 and odd pieces sequenced thus 
were then matched by a computer to 
determine their exact position m (he 
bBV genome Hence the full linear array 
J of bases making the whole genome of 
EBV was determined 
This achievement holds out great 
promises for molecular biologists 
and clinicians Understanding the 
mechamsms of gene control by normal 
human dna and by viruses does not 
appear far off, sequences of promoters, 
enhancers, and other signals that 
control DNA transcription mto functional 
mRNA will soon be known Clinically, 
nasopharyngeal carcmoma. fiurkitt's 
Kmnphorna mfoctious mononucleo' 
SIS known to be linked to FBVwill now 
perhaps be easily diagnosed But above 
idl, the complete sequencing of the EBV 
- genome will make it possifejfr for us to 
understand the molecular evem 
tp cancer^formation 

jjr aM there « even scope for 
ffOdMop at iihedp and effective 
for theiDNA 


he 


Sugar intailte and child behaviour 


F rom time to time^ psychologists 
have put forward different scientific 
explanations for aniisoi^l and violent 
behaviour in children Oenetics. envi 
ronmental factors, neutochemical ab 
normalities all seem to contribute in 
one way or theother towards abnortna 
lities m children's behaviour And now. 
saentists have added high levels of 
sugar consumption to this Kst 

Diet and human conduct seem to 
have a definite correlation Experts now 
believe that too much consumption of 
sugar makes children hyperactive and 
contributes to thenr anthsocial behavour 


Tosupportthgi 4 Ste|tenJ Schofeitol^ 
coordmaior of the criminal 
programme of the California 
CoHege, observed that thousands tn 
juvende offenders showed a remarkabfe v, 
SO per cent decline in antisocial tti^B 
when their diets were completely 
devoid of sugar foods But this change H 
can dlso^be produced by increase in ■ 
vitaunins and mineral content m the 
diet.^ cautions Schoenthler 
So impressed are the civic authorities . 
in Los Angeles with these findingB that 
they have ordered the use of low sugar 
diet in all juvenile detention centres 


hequenceh implies that the various 
surface antigens expressed by infected 
cells can be characterised and peptide 
fragnents made The peptide fragments 
are powerful immunogens against the 
proteins of which they are part and 
hence the vaccine produc tion 
What next, now that the EBVs 
genome structure is determined^ Soon 
it will be the cytomegalovirus with 240 
kifolsase pairs of nucleotides, and then 
the bacteria £ cottwffh 4.000 kbp and 
then perhaps even the human genome 
with ttvec million kbp* Fpr those who 
fear that the human genome may soon 
be manipulated by a genetic engineer 
sitting at a computer terminal, the 
solace IS that the same Cambridge 
group who published the results of EBV 
sexfiiences will need 5.000 years to 
deterrnme the total human dna 
sBquencek With the present technology* 

But who knows* if one has to go by 

fhq r^d developments of the past few 
years 


Bissest telescope 


T he American five metre reflector 
telescope on Mount Palomar m 
California will soon lose the distinction 
of being the world^s largest The Tokyo 
astronomical observatory plans to 
build the world's biggest telescope If 
will be capable of observing the marvels 
of space 15 billion hght years away* 

The Japanese telescope will be a 
single lens reflector with an aperture of 
7 5 metres and ten times larger in 
capacity Expected to be completed in 
19M, Prof Keiichi Kodaira and his 
group at the Tokyo observatory want 
to mstal It on top of Mauna Kea. 
a 4,2Q2-metre high peak m Hawan 
Hawanan peaks offer excellent 
wither conditions for optical observa 
lions and are already studded with 
telescopes installed by the US, Bntam 
and France 
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Dierr-BiocK 

PROCESSING 



Circuit A 


HE concept of digit block prores 
sing is n familiar one It has been 
‘v'- described, with reference to the 
‘ numbc'r 137 (see SCIENCE 
TODAY, September 1982 and August 
1984) and to the ninriber 73 (see SCIENCE 
TODAY. Mfirch 1983) If any natuial 
numiH’r is multiplied by either of these 
factors of IO(X)l and tht* products so oh 
tained are broken d<iwn into pairs of digit 
blocks such tlial one of the blocks is 
formed by t he last two digits of the pn iduc t, 
the sum of the squares of the pairs tjf 
blocks will always Ik* divisible by the multi 
plicr 73 or 137 as may be applicable 
Thus. 152K - 73 - 111544 
1115' I 44’ - 1245161 (17057 ■ 73) 
12451' + 61' - 155031122 (2123714 ' 73) 
and so on. 

When processing in this way. pairs of 
blocks in which one ot them consists of the 
last four digits of the product, the far tors of 
100000001, namely > 17 and 5882353. 
replace the multiplieis, 73 and 137 Byway 
of illustration, consider the nurnlvr 
142749, the produc t of 17 and 8397 It can 
be processed as follows 

14' I 2749' 7.SS7197 (17 « 444541) 

7.55' t 7197' 52366834 (17 - 3080402) 

5236' ^ 6834' 74119252 (17 ‘ 4359956) 

and so on 

There can also be <4her ways, however, 
of processing digit blocks, and one wl^ich 
reveals many interesting properties ot 
numbers is that in wliKh the diftercmce 
between the squares of the bknks is 
considered instead of their sum 

The multipliei s 73 and 137 can be used in 
this system of processing in coniunctmn 
with pairs uf bUn ks one of which ( onsists 
of the last four digits of the product 
Consider, for instance, the product of 73 
and 89987 namely, 65691021 

6569* 1021’ 42l(>9320 (7.3 - 576840) 

9320' 4210' 69138.300(73 - 947100) 

8300' 6913' 21100431 (73 289047) 

and s<i on 

For dealing in this system with fiairs of 
blfK'ks one ol whic h i i^nsists of i)ie last two 
digits only of the product, 101 may be used 
as the multiplying factor Tlie niimher 9 
also serves equally well 

When. Iic^wever, the number ol digits in 
the terminal block of the pair increases to 
3. there can be a much laigcr number of 
multipliers from which to make a choice 
Some of these are listed below* 

3, 7, 11. 13,21.28,33.37,39.63,91.99. Ill 
Two of these, namely. 11 and 91, are of 
special interest to us as their fnodiict is 
1001 which supplies the clue for dealing 


with blcvks of a larger siir^ The factors of 
10(X)01, namely 11 and 9091, for instance, 
serve admirably as multipliers when the 
latter of the pair of blocks consists of 5 
digits Thus, for example, 

9091 ^ 31 - 281821 

81821 ■ 2^ 6694676037 (9091 v 736407) 

76037 669462 * 1299858453 

(9091 142983) 

58453’ 12998' -- 3247805205 
19091 - 357255) 
and so on 

In the same way, 11 and 909091 the 
products of l(X)0(X)01 serve as multipliers 
when t lie end blex k of the pair consists of 7 
digits 

The number 11 which keeps appearing 
as the comf)anion number in these cases is 
obviously itself very versatile In fact, when 
using It as a multiplier the product can be 
broken up into pairs of blocks in any 
manner one may choose 
Consider 57618, the product of 11 and 
5238 

Now. .5761* 8‘ - .3.3189057 (11 -3017187) 
Again, 576-' - 18'* - 331452 (11 3012) 

Also, 61»‘ 57 ' 378675 (11 \ 34425) 

and 7618*’ 5*' - 58033899 (11 - 5275809) 

Another number which is equally 
versatile is 3 

Here are a few extraordinary examples 
of this mode of digit processing 
Direct recycling 

1484 ’ 847' - 1484847 

Reversal ot order 
Starting numlx^r 7821 



Processing 78’ 21’^ 5643 

56* - 43' - 1287 

Revolving numbers* 

Here the same digits keep revolving 
maintaining their sequence The answers 
arc all in the same circuit 

Starting Number 714285 

714’ 285’ - 428571 

571' - 428' - 142857 

857' 142' - 714285 

Complimernary circuits 

Here the answers keep on jumping from 
one circuit to the other and back again but 
retaining their sequence ^ 

538’ 461*' " 76923 See Circuit ‘A’ 
923-- 76’ - 846153 See Circuit *B' 
846’ 1532 -- 692307 See Circuit ‘A’ 

6922 - 3072 - 384615 See Circuit ‘B’ 
6 I 52 384-’ - 230769 See Circuit ‘A’ 

769 ’ 230-’ - 5.38461 See Circuit ‘B’ 


A.R. Kanga 

Mr Kangu is u consu/Png engineer bused m 
Bombciy 


Multiplication of magic squares 


N interesting method for addition of 
4x4 magic squares was presented by 
Vs Risbud m SCIENCE TODAY,M<iy. 
198.3 The '*aine method can also he used 
for multiplication of magic sqiuires (4 x 4) if 
the following steps are followed 

Step 1 Eindteight numbers, A.B.C.D, 
p.q.i. and s, so that A'<B'C''Dxp^q-. 

1 ' s ' (- - multiplication magic 

constant) 

Step 2 Wi ‘c two square arrays, one 
containing only A.B.C, and D. and the 
otliei only of p,q,r and s as shown 
p q r s 


r s p q 
(Each row, column and diagonal is made 
up of the same four numbers, each letter 
occunng only once) 


A B C D 
C D A B 
D C B A 
B A D C 


Step 3 Multiply the two arrays, element 
by element We get 

A pB-qC^rD'^s 
C'sD'-rA'qB'p 
D’^qC'^qB^sA'^r 
B^i A‘*sD‘'‘pC^q 
This gives the product of two magic 
squares 

If the value of any letter is zero then 
multiplication magic constant is zero The 
following example can be used foi the 
multiplication of two magic squares 
(multiplication constant is 24024) 

X -AXB^CxDXpyqXrXs 

ABCD pqrs 
1 2 7 13 1 3 4 11 

Biswanath Das 

Mr Das IS doing graduation in science at 
Calcutta Uniuerbiti; 
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I T is a long way since the first 
carbonTilament lamp was inven¬ 
ted more than 100 years ago. 
When Thomas Alva Edison suc¬ 
cessfully demonstrated his incandes¬ 
cent lamp in the USA on 21 October, 
1879, people looked at it as a miracle 
Since then work on improving the lamp 
•^^logressed slowly, though steadily 
raison’s lamp was improved upon 
in 1902 by the introduction of osmium 
filament and in 1907 by tungsten 
filament Argon gas fillings and coiled 
filament resulted in more efficient 



lights in 1913 The low-pressure 
sodium lamp appeared in 1932 and 
high-pressure mercury lamp in 1935 
While the introduction of tubular 
fluorescent lamps in 1939 was a 




Fig. 1 A few units of high mast lighting 
are capable of illuminating large areas 



(abovif). Fig. 2 The lantern carriage of 
high mast lighting is brought down for 
maintenance using motorised winch- 
down device (left) 

energy hills should make them rxjpular 
And when they are mass-produced 
Ihey should be within everyone’s 
reach 

Replacing incandescent lamps 

One of the new compact low 
pressure mercury fluorescent lamps 
ilMF 1 1 . complete with its coiv.toI gear 


(Fig 4), IS C(intained inside a glass 


hallmark in general lighting, the high 
pressure scxJium lamps which came 
into market in 1965 proved a boon to 
road-, factory- and floodlighting 
But the energy crisis in the 1970s 
precipitated the need for more efficient 
and economical light sources With 
the worldwide shortage and the resul 
ting higher costs of electrical energy, 
scientists were forced to look for 
;energy-effective lighting devices And 
today a variety of electric lamps are 
available. Have they proved success- 


fuP Do wc have lamps that save 
energy as vwll as last long‘d What are 
the latest developments in the field oi 
electric lamps^ 

The most promising event is the 
discovery of miniaturised fluoiescent 
lamps These, as we shall see, 
combine efficiency with energy saving 
and last much longer than any of the 
present lamps No doubt, they are 
heavy on the purse presently. But 
their ability to pay back the initial 
investment by drastically reducing 


bulb and titled with a conventiona* 
incandescent lamp cap It can be used 
dircLtly in place of an incandescent 
lamp on the same base It consumes 
only 25 |xt cent of the energy that an 
incandesc ent lami) ofcomiwrable light 
output would consume 

Like the incandescent, the I MFL has 
a warm white-colour appearance and 
gives good colour rendering (a property 
of light by which we perceive various 
colour^ Its lifetime, at 5,0(X) hours, is 
five times that of an incandescent The 
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lamp IS avdilablo (not v^'t in oui 
country) in two versions, one h.jvinti 
a cleai prismatic bulb and the other 
an opal bulb, each bcinj^ made in foiii 
Wattages, 9, 13 18 c\n(i 25 
The LMF I cK hiev(‘s maximum energy- 
saving because it is based on the 
principle ol fluorescence current is 
passed through an ionised gas and the 
resulfani emission is converted into 
visible light by phosphor jxjwders 
This process is fai moie efficient than 
the process of incandescence 

In an incandescent lamp, light is 
emitted when a thin tungsten wire is 
hc'ated But there is a physical limit to 
the temperature that the wire will 
withstand, and hence the efficiency 
that can be obtciined for a givcMi 
lifetime Also in the process of 
incandescence, small particles of the 
filament arc driven ofl by the heat, 
that is, they evaporate Since the 



Fig 3 The first incandescent electric 
lamp (left) and the modern tungsten 
filament lamp (right) 

LMt I operates like a fliuuescent lamp 
this deficiency IS not there, resulting in 
Its longer life 

The LMM IS larger than an incande 
scent lamp It approximately weighs 
500 grams because it contains the 
ballast (device used with discharge 
lamps for stabilising the current in the 
discharge) and the starter, while a 
filament lamp weighs only 40 grams 
So a sound lamp-holder is a must 
before fixing up an I Mi l Under 
normal conditions it lights in less ihan 
two seconds Thereafter, the light 
huilds up to 80 per cent full brilliance 
within one minute Incoldcoiidilions it 
normally operates within four seconds 

The outer glass is not essential to the 
electrical operation of the LMFI. hut it 
makes the lamp easier to hold, gives it 
a better look and is a fust line defence 
against knocks It is also not water 
light 


Where filament lamps are used foi 
long hours and inconvenient situations, 
the LMF'L IS ideal because of irs 
durability and energy-saving An 18 
Walt LMF L gives light as much asa V'^ 
Watt ordinary bulb It gives most of it- 
light sideways where it is more useful 
unlike a filament lamp which distributes 
light in all directions, wasting light on 
the ceiling 

New bridge-welding concept 

Another miniaturised fluorescent 
lamp (MFL) based on the principle ol 
low pressure rnen'ury discharge, con 
sisis of two narrow glass tubes welded 
together at the top (Kig 5) Ttn- 
purpose of this welding, which is 
totally a new'concepr, is to create cool 
spots since the light fiutput of a 
fluorescenl lamp depcMids upon the 
temperatuie of the coolest spcjt on the 
lamp, this temperature is influenced, 
among other things, by the ambient 
temperature Since the bridge-welding 
process creates ccxil spots at the top 
of the tubes (in an ordinary tubular 
fluorescent lamp the cool spots are 
created liehind the electrodes at eithei 
end) optimum light output occurs at 
higher ambient temperatures than' 
normally experienced with straight 
and U shaped lamps This is also an 
added advantage of an MF I as far as 
the design ol luminaires is concerned 

Unlike the tubular lamps, the Ml I 
has a single end with a starter built into 
the aluminium c\jp This integrated 
starter ignites the lamp withiri 
two seconds for ambient tern 
peralures between - 5'’C and 50"C 

Adjacent to the starter, the caF> also 
htxs a capacitor tcj suppress radio 
interference The two pin electrical 
connection needs a special lamp 
holder However, efforts are afoot to 
make the MF L lamp kit, consHting of 
the lamp, lamp hcjider, ballast and an 
adapter to fit the MF I with the ordinary 
household lamp cap, available in the 
country 

Fig 4 The new compart fluorescent 
lamp (right) which can directly replace 
an ordinary incandescent lamp (left) 
Inset' The internal strut ture of a high- 
pressure sodium vapour lamp 
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The 7, 9 and 11 Watt Mff lamps with 
light output of 400,600and 900 lumens 
respectively, can be compared to 40, 
60, and 75 Walt incandescent lamps 
Thus they are five times more efficient 
than incandescent lamps They are 
cilso more durable with a life of 5,000 
hfjLirs while the incandescent lamps 
' more than 1,000 hours 

fffe Mt"L which IS available in the 
country can be used in houses, hotels, 
offices, museums, theatres and so on 
Recent developments have also shown 
that It can be used in ships tind other 
means of transport where energy is 
g<'nerated on the spot besides in 
wilding and amusement machines, 
insect traps and outdoor lighting in 
residential areas 

F nergy-efficient incandescent lamps 

While the new compact fluorescent 
lamps can replace incandescent hla 
inent lamps with advantage, there are 
new developmcMits in the latter 
category itself which combine energy 
saving with efficiency F’or instance, 
rhe refic'ctor incandescent lamf)s 
which have an internal minor-coating, 
give a beamed light distribution There 
IS no spilling of light here and it is 
directed to areas where it is desired so 
I hat there is an efficient use of energy 

Similaily, the diiectional mushroom 
Icunji gives a diffiisc^d wide beam 
ilownwards while directing some lighi 
upwards It gives more useful light 
'k'wn. as cnmpaTcd lo the clear 
./< andesceni lamps 

High voltage incandescent light in 
'.tallations can be modernised using 
blended light lamps, which have twu e 
I he efficiency and almost six timi's the 
operating life, at no extra cost These 
l.unps consisi ol a gas filled bulb 
coated on its inside with i phosphor 
and containing a niercmv discharge 
lube connected in scries with a 
tungsten filament The mercury dis¬ 
charge has ultraviolet radiation wfiich 
IS converted into visible radiation by 
the phosphor coating The incande 
scent filament gives out warm-coloured 
light. It also acts as a ballast for the 
discharge, thus stabilising the lamp 
4>?irrent. Therefore, blended-iight lamps 
can be connected directly to the mains 


t: t 


* 


Fig 5 The mmiaiurist^d mere ury ffuo- 
resi-ent lamp** in 7, 9 and 11 Walt** 
The new concept of bridge-welding 
enables them to function efficiently! 
and last long 

If these? developments have fnnde 
incandescent lamps energy efticlent. 
and the LMt I and the MKI have 
brought about a vast change in the 
domestic and professional lighting 
scene, the high-pressure sodium lamp 
has improved road . factory, and 
floodlighting to a great extent 

Golden white light 

The high-pressure sodium larnpdtsi i 
wnlh Its goldcMi white light is the mosl 
efficient light soun e now available in 
I he country It requi.es a ballast, an 
electronic ignitor and a capacitoi as 
a( LC'ssories for optimum i^Tformarice 

The discharge lube of the lami> 
tontains an excess of sodium to give 
satumled vapour conditions when Ifie 
lamp IS Inn ning An excess of mt^rcui c 
IS also present lo p!(»vide a buff(»r g»i' 
«ind xenon is iiuludc^d fit a low 
pressure to laciliiate igiiition and limn 
heat-conduction from the ciisihargi* 
arc to the tube wall The dis^^naig* 
lube, which is made of sintered 
aluminium oxide to withstand the 
intense chemical activity <)f the 
sodium vaprnir at the operating 
temperarure ol 700°C. is housed in an 
evacuated protective hard glass 
envelope 

These lamps radiate energy across 
a good part of the visible spectrum and 
give good colour rendering They are 


available in ovoid or tubular shape 
and are ideal substitutes for high- 
pressure mercury vapour lamps The 
HSl IS extensively used for indoor and 
outdoor industrial lighting, in ware 
houses, godowns, parking areas, 
docks, storage yards, floodlighting 
hiqhw^ays, streets, flyovers, junc 
tions etc 

High mast lighting 

Elec'IrK'al engineers, meanwhile, have 
also designed modern equipment to 
use lamps like the HSI in high mast 
lighting which is essential for city 
centres, motorway intersections, fly¬ 
over complexes and all industrial and 
commercial areas These require a 
high standard of lighting from relativefy 
few installations 

Such installations are now available 
with masts of 20, 25 and 30 metres 
height The masts, whidi should 
withstand high wind speeds, arc 
manufactured from steel plates, cut 
and folded to form polygonal hollow 
poles Each mast i comprises only two 
or three sections according lo height, 
to minimise the number of horizontal 
loints These sections can be fitted 
together at site without weeding and 
erected with the hel]i of a cram' 

To service eliH'tncal lamps hoisted 
on these high masts, designers have 
I ome up with mot(»risecI winch down 
device (Fig 2) w'hich brings down the 
lantern carnage to ground for iiispec 
tion and mainlenam e This avoids the 
dangerous climbing, ladders or lower 
Wiigons iK'c'deri otlreiwise lo service 
sue h lamps 

Ihe-e are thcM*. a few pn minent 
rU'C'elopMients among nuinv in recent 
limes However, one tact that stands 
out Is lluit u'seiui b in elec tru al lamps 
liirsn’t h(*i>n spec lai nlar .rs it is rn the 
sp#ici'Ol I ornmnnu cjfions industry In 
ou.- lountiy such efforts are almost 
ininimal Wlrile tiu Mil nwiy be 
maiuil.K lini'd Iv’re s(M)n, the I Ml I 
mav !ak*' ii long time Tlie poles 
recpiired lor high mast lighimg were so 
l.\r imported The firs! indigenous high 
mast IS iindc'i installation in Chembur, 
Bombay, So il is a long way for us to go 
still “ '□ 
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T he ornate fx^rtraii of the Nawab 
had adorned the walls of the 
Picture Gallery in I.ucknow But 
over the years the pamtiny had 
acquired a vellciwish tmqe and a dull 
look, and nobody knew the ‘true 
colours’ of the painting- until the 
restorer removed the yellowing varnish 
on the painting That brought the 
lustre back into the diamonds and 
rubies worn by Nawab Wa/id All Shah 
What was more, it revealed the name 
of the artist which was not known till 
then 

Over a long period, paintings tend to 
deteriorate and need to be restored for 
which several techniques have been 
developed Let us first discuss the 
structure of a painting, how it is made, 
the composition of its vanous consti 
tuents and how it deteriorates, and then 
the broad outlines of these conserva 
tion techniques. 

A painting has at least two layers 
the ‘support’ '^n which the painting is 
done and the other, the ‘paint’, that is, 
the colouring material In a wall 
painting, the ‘support’is the wall or the 
plaster on which the paint is applied, in 
a wooden panel painting, it is the 
wooden panel, and in a pa|x*r painting, 
it IS the paper The second essential 
component, the |)aint, is prepared by 
mixing pig^nents (colouring materials) 
with adhesives like gurn, glue, resin or 
oil. thesf? adhesives are called the 
‘binding media', which ti x the pigments 
t)n the su[>port 

Be-^ides these two basic layers, the 
su|ipor I, before it is painled upon, was 
often 1 oat('d with a Ihin Liyer of a 


Fjg. i A painliny of Nawab Waztd Ali 
Shah in the Picture Gallery, I ucknow 
The varnish hud vellnwed amsider- 
ably and had changed the Zona/ values 
of the underlying c ofowrs The varnish 
had to he removed to restore the 
painting to its original tonal values. 
The picture at right shows the 
different e between the portion from 
which varnish has been remoited (left 
half o/ the face) and where the old 
varnish is still present. At light is a 
painting which has developed cracks 


putty-like substance known as ‘gesso’ 
to impart a smooth and fine finish to 
the surface This layer is known as 
ground or priming Normally a white 
material like chalk or kaolin was mi.xed 
with a binding medium to prepare 
‘gesso’ In miniature paintings, the 
paper as well as the pnming was well 
burnished with agate stone to give it a 
shiny smooth surface This enabled 


O.P.Agrawal 

the artist to draw fine lines, 
characteristic of Indian miniatuic 
paintings (Fig 3) 

When the painting was readv. 
transparent varnish was coated, parti 
cularly on oil paintings, to protect the 
painting from the effects of atmos 
phere and moisture On paper paint 
mgs, however, varnish was sclJom, if 
ever, applied Figure 2 presents m 
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PAINT LAYER 

GROUND 

SUPPORT 


schematic form the various structural 
layers of a painting 
There may be several variations in 
this basic structure For example, the 
paint may have been applied in several 
layers, it may be thick or thin, it may 
have received an undercoat of another 
colour, depending on the artist s style 
. --^^^irtists added a glaze to the 
jrfai? of ' 
to it 


the paint to impart a lustre 



Fig.2 The structural layers of a painting 


Surface defects 

The traditional coating for a painting 
IS varnish prepared by dissolving or 
fusing a natural resin in a fluid Several 
kinds of resins, most of them plant 
products, were used earlier to prepare 
picture varnishes But shellac, which 
was very commonly used in India, is 
produced from the secretions of the 
insect, Laccifer lacca Now synthetic 
resins are also very popular Resms 


Its clarity is lost and it acquires a yellow 
or brown tinge In extreme cases, it 
may become rather opaque, hiding 
under it the details of the painting. 
How fast these changes occur 
depends upon the type of the resin and 
on the conditions in which the painting 
IS kept 

The result, however, is a marked 
change in the appearance of the tonal 
values of the colours The yellowed 


Ftq 3 A miniature 
•**unting 



Whatever may be the anatomy of a 
painting, one thing is certain: it starts 
deteriorating soon after it is r&ady 
Possibly for the first few months, it is 
perfect -the canvas is tight, the paint 
I? flexible and the varnish is transpa¬ 
rent But soon changes begin to take 
place The oil of the paint starts getting 
oxidised and hardened. The canvas or 
the paper also deteriorates The 
change is fast or slow, less or more, 
depending upon the materials used, 
the techinque of painting and the 
environmental conditions. In each 
l^er of the painting - the surface, the 
t>aint and the support > one can 
expect some changes to occur. 


have been broadly categorised as hard 
and soft Hard resms havi* to be 
melted and mixed with a liquid like oil 
at a high temperature for them to be 
brushed on a painting, jpxampk's are 
copal and amber, both fossil resins 
Varnishes prepared with them are 
strong, very hard and difficult to 
dissolve when they are dried Soft 
resins like mastic, dammar and shellac 
can be dissolved in an organic solvent 
like turpentine or alcohol 

When varnish is applied on a 
painting it is more or less clear and 
transparent, almost like glass. With 
age, however, it starts changing The 
first important change is in the colour, 


varnish acts like a yellow filter over the 
painting and thereby gives an illusion 
of blue app>earmq as green, »ed as 
orange, white as yellow and so on. 
Further, the darkened varnish hides 
the details of the painting 

Another defect noticed in the 
surface coaling is the ac cumulation of 
dirt or grime over it Dust particles 
which fall over the surface may get 
stuck to It and change the visual 
impact of the painting Sometimes the 
varnish cK quires a white cloudy look 
known as ‘blooming’, the causes for 
which may be chemical as well as 
physical Or the surface coating may 
develop cracks in it, for the varnish, 
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Over a long period paintings tend to 
deteriorate and need to be restored for which 
several techniques have been developed 



which IS initinlly Mnooth jiid transpa¬ 
rent, nitiy yrcidiially lose its flexihility. 
Besides, one in<iv also find scralches 
and hlemishcs on the varnish surlac^^ 
a sign of aiddental, and soniriimes 
deliberate physical damage (see 
cover) There is »i tendency among 
some visitors lo tnueli a painting and 
in that process they may scratch the 
varnish or sometimes even the under 
lying paint 

When any of these happens, the 
<jnly wav is to remove the v.irnioh Iroin 
the painting This is done by dissolving 
the old resin in a solvent By careful 


examination a mixture of soIvcMits is 
truxJ Naturally, it must be such that it 
will dissolve tjie varnish but will not 
affect the underlying paint Due 
rf'insideraiion has also lo be given to 
the sirengih of the paint and of the 
ground The work is nornrally ac comp- 
lished under a magnifier or under a 
stereomicroscope At each stage of 
cleaning, the restorer has to be sure 
that no trace of the paint is being 
dissolved After the old varnish is 
coniplelely removed, a new varnish 
coating is applied 

Cleaning the varnish sometimes 


produces spectacular results Fot 
example, when a portrait of Nawah 
Wazid All Shah in the collection of the 
Picture Gallery, Lucknow, was 
cleaned by restorers of the Natiorui! 
Research Laboratory for Consci 
vat ion of Cultural Property, it revealed 
the signature of the arti*^! 
which was not visible earlier 
The removal of varnish also brou^ii 
out the true tonal values of the colours 
of the painting (Fig 1 and cover) 

The cleaning process, however, 
gives rise to some difficulties also 
Visitors who are used to seeing the 
painting with the altered colours arc 
shocked to see the change when the 
discoloured varnish is removed In 
many a case, the restorer is blam«>d for. 
Vuining* the painting 

Paint defects 

The development ol i r.u ks are Ifv-- 
most common delee I in the iviini 
surface (Fig 1 inset) The physic al aiul 
cherTiical pre)perties of the* p.jint and 
the support are nol similar F'oi 
examtile, while ihe* wooden jr.inel nr 
the paper is hygroscopic and absorbs 
moisture* whe^n kept in high luimiH 
I onditions and shrinks in a dry 
environment, the paint -size remains 
the* same The result is a lonM'fl 
belwc*en Ihe |iainl and ihe support. 
causing cracks in the paint Very fine 
cracks are* Ihe sign of age and an* 
kru)wn as ‘ciat guelures’ 

There may be othei c aiise^s !<»«) hor 
ex.imple, a W(*ak binding medium rnai, 
lead to crac ks And so iilso shoe ks or 
vibrations to Ihe su|>i)ort, si ratching 
of Ihe surface, tin accidental hlovc fremi 
Ihe bae k or conliruious ab'asion 
agtiinst a luud surface Flaking .ir loss 
of paint particles (Fig 7) follows crack- 
formation In cleilh iJainlings, f?(*giienl 
rolling and unrolling may ^ause loss ot 
paint 

The first step iryQVBPirig this 
[irolilem is the correct oSgnosis of the 
causes If c rai ks have been caused by 
environmental changes, conditions in 
which the paintings £ire exhibited or 
stored should be stabilised If Ihe 
cause IS the failure of I lie binding 
medium, an appropriate adhesive is 
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introduci'd bclwccn I he* paint and the 
support In canvas paintings, the 
cidhcsivi' IS cipplicd from the* hack of 
fhc canvas till i( penetrates to the 
^»lher side This cannot be done for 
fiainlings on paper or on wood In 
pd(H»r paintings, the paint is norrniJIy 


M (focinq page) A paper painting 
eaSen by insects 

Fig. 5 fright) A paper painting with deep 
coloured water stains 

f'ig 6 (below) A painling badly 
damaged by the growlfi of fungi 
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thin and. therefore, the new binder is 
applied from I he surfac e. and so also irT 
wooden panels when the paint is thin; 
if It IS thick, like in an oil painting, the 
adhesive is sought to he intioduced 
with the help of a hypodermic syringe 
m helween the ptiint and the support 

F'or areas from which the paint has 
corni'letely* flaked off, nothing much 
can he d< >ne exi ept to fill the gaps with 
a inilty prep<irecl with a whiling 
material and a binding medium like glue. 
The pultv of an iipprcjpriaie consis 
tency is filled in I he lacuni\e with a 
pointed spatula find allowed to dry It 
IS then sinoolhened to the level of the 
painting and then retf)uche(j to match 
the surroundings 

Another delect ol the paint is its 
fading, gener.illv c aused hy the action 
oi light I ight, p.nticuiaily ultra violet, 
causes fading of coltriirs Miniature 
paintings and water t olours are much 
more sf-nsitive Ic^ lighi than oil 
paintings Fhc’ paint riK'clium like gum, 
glue oil or *^gg is also damaged hv 
light On* e th.e lolmns f.ide, nothing 
iKiuh Clin In* done about it. eKcepI 
pievenini'i fuMh.er lading hy modifying 
Ihe iM^hl sourtt* ih*’ ullra'^ii^lel 
poTti*)no! light can heeasilvlilteied*)ff 
without altecling visibility in a musi-um 
Daylight ha'- the highest proportion of 
Liltia violet irivs and is av*)ided as lai 
us possible in ptiinhng galk*ries 
Fluorescent lamps also have ultra 
violet radiations, though les*. than in 
daylight, and therefore an ultra violet 
filter Ifis t(» he usc*d over (hem 
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Tungsten light, on the olher hand, has 
a very little portion of ultra-violet rays 

It is better to minimise the intensity 
of and exposure to visible light also 
Only as much light as is necessary for 
viewing a sensitive painting is allowed 
in the painting gallery Some museums 
take the precaution of switching off 
the lights when there is no visitor 
inside 

Another defect that may be noticed 
in the paint is a change in the colour, 
the most common example being the 
blackening of the white lead carbonate 
pigment In contact with sulphide 
gases, lead carbonate changes to lead 
sulphide which is black. Similarly, red 
lead also may get blackened Another 
paint which often changes to black is 
silver. Originally-shining silver foil or 
silver powder is tarnished, changing to 
silvei sulphide Treatment with a 
solution of hydrogen peroxide often 
restores the white colour of lead 
carbonate With this treatment, the 
black lead sulphide is oxidised to lead 
sulphate which is white in colour 

Support defects 

Since canvas, cloth, paper and 
wooden panels are the most commonly 
used supports, we will consider the 
defects m these materials Cloth or 
canvas were very popular painting- 
supports For cloth paintings, there 
are two distinct situations according 
to which the treatment differs One is 
where oil is used as a binding medium, 
these paintings are referred to as ‘oil 
paintings' or simply as 'canvas paint 
mgs’ In the other, the paint is mixed 
with an aqueous binding medium like 
gum or glue, such is noimallv the case 
with the Indian pt7fLi<hifia or the 
pichhvai 

Whatever the binding medium, the 
cloth deteriorates with time It may 
lose strength, and tears and holes may 
appear, maybt^ because of accidental 
damage or because of the action of 
certain pigments and dyes on the 
cloth, particularly in the Indian pu/o- 
chitra Any acidic pigment may cause 
such a damage 

If the cloth on which the painting is 
done IS otherwise strong, with* only a 



Fig. 7 (above) The paint layer in I his painting is cracked and flaked 

Fig. 8 (below) A wiwden panel heavily infested with insects. The paint is stili 

intact but will be destroyed if insect attack continues 
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Restoration of paintings is a complicated 
process involving as much artistic skill as 
scientific knowledge 


few holes and tears, they are repaired 
by pasting strips and patches frcim the 
hark But the adhesiv(*s used must he 
compatible with the original paint 1‘or 
cjii paintings, for mstanc e, a mixture of 
wax and resm is commonly used, for 
Indian cloth paintings, starch paste is 
pref^red The adhesive should not 
' any strain or stain on the 

artacc of the paint or on any other 
I ompomMit 

Canvases which have bee ome totally 
weak and fragile are strengthened by 
pasting another cloth of a suitabi* 
thickness on the back The process is 
known as lininq It ihc^re .ilready was a 
canviis attached, it is first removed 
from the hiu k of the r)ainting and a 
new t anvas is fi <ed 

7he other common defects in a 
(Inth p.iintinq arc the f)resen( e of 
siains, growth of fungi and msec I 
.-ittack Growth of fungus is promoted 
mainly by high humidity in the sur 
roundings If fungus is noticed on 
paintings, immediate fumigation with a 
turvjicide, like thymol, is calk'd lor Oil 
paintings, howc'ver, cannol he treated 
with thymol because the c hemical has 
a softening effect on the oil The 
paintings are kei)t inside air tight 
kimigation chambers in which thymol 
'rysial '^ are i)lticecl I here' is an 
.jir.ingemenl tor heating the thymol 
‘ M,slals from outside The thymol 
vapours surround the object and ‘kill’ 
fungi The dead fungus is then 
blushed off the painting 

In paper supports, the main defects 
• »u' the formation of stains, the 
presence of acidity, the grrjwth* of 
fungus, insect attack and a general 
weakening of the papc*r Paper is easily 
stained Fvt^n watei in contact wMlh 
p.jper produces deep coloured stains 
difficult to remove (Fig 5) Stains may 
also develop due to oil, general dirt, 
rust, wax and other similar substances 
F or removal of stains, various solvents 
are used, but they should not alteci 
thc' pain I m any manner Bleaching has 
sometimes been recommended for 
^miniature paintings This, however, is 
citingerous because it may affect the 
paint also 


Acidity in j^at^er is extremely 
damaging Acidity may develop 
because of the acid used in the 
manufacture of the paper or it may he 
one of the degradation products of a 
constituent of the paper Neutralua- 
tion oi deac idification of acidic paper 
paintings is, therefore, very necessary 
However, there is always a danger of 
the* paint hc'ing damaged by the 
solution that is used for neutralisation 
Non-aqueous deacidification solutions, 
like a solution of barium hydroxide in 
methanol, are prefeired but tFiey only 
neutralize die acidity and do not 
remove the ticidic products Vape)ur 
phase deacidification is also done hut 
this process also suffers from the same 
disadviintagc 

Paper is alscj prone to fungal attack 
(Fig 6) Studies indicate that the most 
common fungus species growing on 
paper paintings are Aspergillus ni.ger, 
Aspergillus fulrus, Altornunn alter 
nata, Petvallium citrinum, Cephalo- 
spnnum acroiiiomwv and Fu*^ariuni 
oxvsporum (SCIENCF TODAY, Dec 
ember 1983, p 10) F or prevention of 
fungal growth, staqnafKm of air should 
be avoided F umigation with thymol 
vaixiiirs can eradicate fungus 

Paper fiain tings are also damaged 
by insects wFiich tunnel holes in them 
and weaken them considerably, (FTg 
4) To deal with insects, treatinenr 
with inspctK ides, particularly lumiga- 
tion, IS resorted to 

With time, paper also loses its 
strength Weak paper paintings .ue 
repaired bv ‘lining’ with a fresh papei 
sheet The jiroccss of ‘lining’ v.irics 
for example, paintings may have Fxien 
done QH both sides, or there may be an 
inscription or .i tex* on^the othei side 
of the painting 

I oi repair f>f only tiny holes nfu n a 
result otir's^'cl atta< k, a putty ofpaixn 
fibres IS filled in the holes and allowed 
to dry Larger holes are ref)aired with 
sheets of paper out of which a f)iece of 
airproprwie size is cut and fixed in the 
hole And if the entire papc'r is wccik, 
‘lining’ with a new paper support will 
lx* necessary But the choice of the 
supporting paper and a good adhesive 
are crucial Tests indicate that the 


Nepalese tissue jxiper is very strong 
and durable fc^r I Fie repair ot Indian 
miniature jiaintings It has long fibres, 
has high folding endurante before and 
after ageing and is non-acidic Tlic 
other type of paper suitable for such 
lining is the Japanese mulberry tissue 
paper It alsr) has a high durability 
5y)me Indian handmade papers are 
also being tried for lining of miniature 
paintiiKis 

Wooden panels 

Wooden panels or boards are some 
of the earliest materials to be used for 
painting Large-size boards are obtain 
ed F)y joining several boards together 
One of the common problems is that 
they spilt or separate Fhe panels also 
warp, particularly in a painting in 
which one side of the panel is covered 
with paint and tinus impedes the 
absorption or release of moisture from 
that side 

The restoration and preservation of 
paintings is», indeed, a complicated 
process involving scientific knowledge 
and artistic skill Paintings can be lost 
irreparably if proper materials are not 
used for repair Much more important 
IS the skill of tlie restorer Immediately 
after restoration, the i)airiling may 
start looking new but may give rise to 
problems after sf)metime 

Oc'scriFx'd al>ove are only a few 
processes of preservation of paintings 
I here are still a large number of 
CiUtslariding prcjhiems Experim«»nts 
are underway in the National Research 
Laboratory for Consc'rvalion of 
Cultural FV)i)erty, I uc know, and in 
otFier labomtories for finding a solution 
of these problems □ 


Mr Aqruu’ii/ f/n* Niifumai Ki* piin h 

I iitynuifdii for InnsiMUMori of Ciillurul 
Pr(jiH'ir\, Liiikiniu' Ik thf fX'juirf 

nicnt f)f C ulfurr (jfu t-rnmrnt of /mi/ui, unit 
',ponsorvii fu- the Lhiitcd hiuUnn^ Onv/ri/irnoMf 
Pro^runrnu' hu> u h'tdhiL of iht* Inlvt naftonul 
Insntufi* tot Con.^friMliun of li/or ks of Art 
l.nnditn and the Ptcsidotrl of ihr MiistHims 
Assfjf union of Indut and ffw» Iruliun 
Assoi ii7fioy l.)r rf\f» S/iidi' of Cunsrrratinn of 
Ciilfwot Pro/unfi 
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Dental caries is preventable^ 


D octor, u>hat r,s dental 

Dental canes, or cavities as they 
are called in lay man's language, 
or tooth decay is a pathological 
process of localised destruction of tooth 
tissues by microorganisms It is indeed 
paradoxical that teeth can be destroyed 
relatively lapidiy in a living man but are 
indestructible post mortem 
Is It true that the ivestern fxjpulation 
suffers from more dental cauities than out 
Indian population^ 

This situation is no longer true today 
Sweets and chocolates were abur^dantly 
consumed by the westerners immediately 
after the Second World War and con 
sequently there was a significant increase 
in dental caries rate However, this situa 
tion has since been corrected by effective 
preventive measures 
As opposed to this, the intreasing 
consumption of sweets by Indians and the 
lack of proper oral hygiene and other 
preventive measures has given India one of 
the highest prevalent rates for dental 
caries today This is tine ol people in all 
classes of society 

Doctor, but hoLi' are dental cauities 
formed'^ 

Demineralisation and destruction of the 
calcified hard tissues of the teeth is 
brought about by acids and en7vmes The 
latter are i^roduced by bacleiia from 
fermentable carbohydrates like sugars 
(sucrose) consumed in the form of sweets, 
chocolates and biscuits 
How (an I prevent the formation of dental 
cavities in mv Lhildien^ 

The first point to bear in mind is to reduce 
their consumptK)n of sugar, esjiecially in 
between their meals By sugar I mean, 
sweets, toffees, chocrrlates and the so 
called g/ucf)se biscuits I am emphasising 
glucose biscuits because many parents do 
not know that these glucose tnsruits are 
full of fermentable carbohydrates like 
glucose and sucrose whk li stick in 
children's teeth '1 his keeps acid m contact 
with the teeth for a longtn time 
And to think that I always ent outatjed mv 
t hildten to eat g/in ose hist nils 
The sei (ind tip would he proper oral 

l/arioiis steps in the remoua/ of the 
diseased (carious) ttroth substances 
and the temporary restoration of the 
tooth (A) Indentifyins a carious 
tooth, (B) Dritlins at slow speed to 
remove caries, (C and D) Removal of 
caries; (E to H) shom different steps in 
temporary tooth restoration with 
reinforced ZnO cement 


hygiene Teeth should be brushed, both 
morning and, especially at night with a 
fluoride tooth paste A good tooth-brush 
and correct brushing technique is very 
important finger rubbing with a paste or 
powder is not effective since the finger 
cannot remove the sticky bacterial plaque 
which form on the teeth in the presence of 
sugar Since the brush cannot go between 
the teeth one should use dental floss, 
which 15 available at all chemists’ shops 
You should also try to visit your dentist 
every six months and get a thorough 
check-up and cleaning of your teeth 
During this visit the dentist can also detect 
small incipient canes and take timely 


action Children should also ijet six 
monthly or yearly fluoride application to 
their teeth by their dentist so that the 
enamel can be made resistant to the action 
of acids 

Children should also be taught to rinse 
their mouths with plain water aftei 
consumption of any food item and even 
after a cup of tea or coffee, or a glass of 
milk, more so if there is sugar I know, ihis 
practice is mjt w^idely followed by urban 
people, but the sugars present in food 
Items and in fluids can do irreparable harm 
to your teeth If it’s not possible* to rinse 
your mouth, as in a party or at school, one 
she^iild just take one or two gulps of watei 
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and try tn wash off the food particles from 
the teeth 

Doctor, ivhat is *his bacterial plaque^ 
Dental bacter'al plaque is a transparent 
sticky mucinous substante formed from 
sugars by certain oral bacteria, namely 
Streptococcus mutans and Lactobacillus 
ai idophillus It consists of bacteria and 
fiiqd debris intermingled in a network of 
...CJKfnous polysaccharides The dental 
p1aL|iie produces a considerable amount of 
ac ids and these acids are prevented by the 
f)laciue from the neutralising action of 
saliva This is the reason why daily removal 
of the dental plaque is so important for the 
(ontrol of both dental caries and gum 
discMse 

You also mentioned the use of dental floss 
IVhcjt Ls it^ 

Dental I loss is a piece of braided nylon cord 
which IS wrapped lound the middle finijers 
and then gently eased belween the teeth 
The plaque is removed by scraping the 
floss against the sides of the teeth 
f)oc/or, IS there no chemical which will 
fveuent the formation of dental plaque'^ 
Well, there is a chemical known as 
“c hlorhexidinc” which has been shown to 
prevent the formation of dental plaque 
However, although most studies have 
shown It to be relatively safe even on 
prolonged use, I would not advocate 
»hlorhexidine or fur that matter any 
ibemkal lor prolonged use in the oral 
cavity If at all, it should be used under 
medic al supervision as a mouth wash after 
oral surgical procedures, especially when 
blushing and flossing may be difficult 
I haue heai'J that fluoride tablets are nou’ 
^iwlable in India Ate t/iey ot all usefuP 
' res If the fluoride tablets are given to 
children at the time of development of their 
teeth, fluoride would have a systemic 
aciion and combine with the enamel when 
It IS forming and make it more resistant In 
( dries Sucking or chewing the tablets by a 
child also has a local action on the erupted 
teeth 

Mv neighbour's child of only two years has 
huqc caul ties in nearly all 're; milk teeth, 
including her front teeth What can bring 
about such a condition^ 

The condition you are describing is known 
as rampant canes Though the exact 
reasons arc not kncjwn yet, some 
authorities attribute tins condition to the 
use of milk bottle, especially at night and 
allowing the child to go to sleep with the 
•g^iilk bottle in its mouth The milk (worse if 
It IS sweetened with sugar) stagnates all 
round the teeth where bacteria multiply 


The critical areas to be cleaned 
during brushing teeth are the gingival 
sulcus (gum region) and the inter- 
proximal areas belween two teeth. 
Holding the tooth brush al a right 
angle to the tooth surface/ails to clean 
the interproximal areas Bristles a I an 
angle of 45 degrees lo teeth surface 
are more effective (abox/e) 

Cleaning the teeth with floss in areas 
not easily reached by a tooth brush 
(right) 

prcxlucing acids which finally destroy the 
teeth 

Rci ently I read in a magazine that you c on 
preuenf formation of cavities in teeth by 
sealing them with a plastic Is this 
advisable'' 

Yes, It IS definitely advisable and should be 
routinely practised by all dentists Tluo 
rides can dramatically reduce smooth 
suiface caries, but it dcx.*s not reduce 
caries in the pits and fissures of molars to 
that extent In fact, its action hene is 
negligible Therefore, nowadays we seal 
the grex^ves in the rrcTinanent niolais of 
( hildren by a free-flowing jrlastic, so that 
the ba( tcnal plaque cannot f)enetrate into 
the grooves and form a c avilv Studies 
have shown the plastic tn •stick to the 
treated tooth surface for as long as ihrecMn 
five vears 

Doctor, what arc the signs and symptom'^ 
which makes one aware o/ the /ro'seiK cot 
a cavity’^ 

Ah I ScAid before, you inilst gel a c hiu k igr 
of your teeth every months by a dentist 
who can detect ecen a small ( avity li this 
advise is not followed then the* *'arlic’st 
signal of a cavity, besides ac tuallv seeir.g «i 
brown or a black hole in the tooth is a 
sensation of pam on consuming i old or 
sweet iKi'Jids or solids, ^ood lod<jemerit, 
cither in-betwceii the teeth or inside the 
t(x>tb However, 1 again repeat, do not wait 
for these signalr to appear because often it 
may be too late to save the torjth 
What lb the treatment once a rarity has 
already formed'' 



If the tooth substance has bi*en invaded 
and destrcryecl by the bacteria, the only 
recourse for the dentist is iniemoveall the 
diseased, sofr tood substance fcanous) 
and pic*pare the tocjlli (cavity prcparaticjn) 
for filling purpose The. is done by drilling 
so that the filling rrialerial (silver amalgam 
or composites) lo In* irlac ed will he well 
retaiiu'd in the tooth 

Due/Of, these day^ fnie ricsns of sn many 
tooth pastes monv (leing (U-uiredK in 
origin IVhic h Tooth juiste irill you 
lei (>ninwnd' 

Piim»irilv the tuuth jMste stiould have* 
flouiides m It andlhe liittei is not present in 
any of I he ayuivr'dii pastes and even in 
seveiaJ allop.ittiic brands Secondly, the 
molec niai si/c* of the iinrtic Ic- comprising 
the pasie should bc» vlm v fine This is again 
no! true of ayurvedu pastes The coarse 
paitides I an desiioy the enamel of the 
tooth 'Fhis IS certainly not Xrwe of the 
allopathii brands, which c'ven it not 
containiag flourides. have fine granular 
si7e 
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A three-K/ear-tild child suffering fram “babsf bottle syndrome" 


Doctor, one la^t question please Since 
dental caries is caused fay bacteria, is it not 
possible for scientists to prepare a uuccine 
against these organisms? 

Your question is pertinent and I am happy 
to tell you that quite a few researchers, 
especially from tlw U K and USA are tryiny 
to develop immunity in the host (man) 
against attack by either the enzymes o,^the 
bacteria or the bacteria themselves 
responsible for caries A few of these 
workers are confident of developing a 
vaccine in the next five years, others aie 
sceptical of an early breakthrough How 
ever, the vaccine against dcmtal decay is 
still not anywhere on the hori/on 

P.S Turner 

Dr Turner is atUnhed tn ifie Bhabha Atumir 
Hesean h Centre Hf}bnilal, Bornhav He hu^ 
(ontrihu/ecJ to two fexfbrjo/vs on dental 
•icienre besides fiai'ing ^eueral pi<fa/i( ci/ions 
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A COSMIC JOURNEY 
TO BLACK HOLES 


George Mampilli 


HEY art* out nf sight Nothing, 
neither matter nor energy, 
can escafK* from them In 
deed, black holes are cr)smic 
graves dug by massivt? stars From the 
diffused interslell.jr matter through 
stars, red giants, white dwarfs and so 
on to the most densely packed matter 
in black holes is an exciting cfisrnu* 
saga 

What IS a blac k hole''' A black hole is 
»)ne of the simplest objects in the 
universe, essentially having only one 
property, mlmeiy, mass, and possibly 
spin and an elei trie charge whereas 
this page you are looking at is much 
more complicated It has mass, sij'e 
colour, texture, molecules and atoms 
of different elements, positive and 
negative electric charges, motion and 
spin (of atoms), rigidity, temperature, 
elasticity, density and what not Each 
physical attribute makes an object 
nvire complicated But, since even a 
simple object mav b(* made uji of a 
number of simpler things, our guest 
for the black hole will be easier if we 
understand these simpler things 

There are four basic forces in 
nature which lan explain all tht* 
interactions of particles and their 
/iiqgregates in the universe Th(*se. in 
the order of their intrinsic strengths, 
are the strong lui 'lear force, electro^ 
magnetic force, weak nuclear torce 
and cjravitalional force All of us know 
what gravity is The gravitational force 
IS what IS responsible for the falling 
apple as well as i^lanetary orbits In the 
Newtonian theory of gravity, the force 
of gravity between two objects mcrea 
ses when the total mass c^f these 
objects increases, and decreases as 
the distance between their centres 
increases 

The weak nuclear force is what 
causes radioactivity of certain elements. 
Unlike the other forces, the weak 
'^•^niiclear force does not contribute 
directly to the cosmic events leading 
to the formation of black holes 



Therefore, we will part company with 
it (The weak nuclear fore e has now 
been integrated with the electro 
magnetic force in the Salam Wc?inberg 
Theory) 

'Ihe next is the electromagnetic 
force In its rudimentary form, it is the 
attraction between opposite and 
repulsion between like elec trie charges 
The atom is a perfc*ctly balanced 
electromagnetic unit consisting of a 
positiv(*lv charged nucleuF aiound 
which one or more* negatively c harged 
electrons revol'^e at di/?ying spei'ds 
The nucleus has two type's iA sub 
atomic particle’s protons and neutrons 
Of these, only the protonsaie positively 
charged while the neutrcjns have no 
charge For every protiin in the 
nucleus, there will T:>e an elc*ctron 
revc»lving around It is the interaction 
between the positively charged nucleus 
and the negahvc’ly charged c’lectron 
which gives the atom it ^ slrucluie .ind 
volume 

And finally we crime to the strong 
nuclear force which holds the pcjsitively 
charged protons m the nuc leus 
together in spite of the electro 
magnetic tendency to repel It is this 
tremendous forc'e which is harnessed 
in nuclear reactors The strong 


naclc^u force can be* released either by 
splitting the atomic nucleus (fission 
rc’action) as m thc^ atomic bomb or by 
bonding tne^ether (fusion reaction) the 
nuclei of lighter elements to form a 
heavier eleinent as in the hydrogen 
bomb 

The hydrogen atom with one 
proton and an electron is the simplest 
and the lightest atom of an element 
Next IS helium with a nucleus of two 
protons and two neutrons around 
which two elet trons revolve In a 
hydrogen bc^mb, the temperature is 
initially raised to 4 million degrees 
Kelvin by a fission catalyst (atom 
bomb) when foiii hydrogen nuclei fuse 
to make one helium nuc leus with the 
release of energy The mass of every 
resultant helium atom is minutely less 
than the mass of the four hydrogen 
atoms which went into its making It is 
this lost matter that is converted into 
the megatons of energy of a hydrogen 
bomb This transformation of matter 
into energy is governed by Einstein’s 
famous equation, E - me-, where E, m 
»ind c stand lor energy in ergs, mass in 
grams, and the speed of light in 
centime lies per second 

Though gravity is incomparably the 
we.ikesl of the four fences, what gives 
It the up|)(*r hand in the ultimate 
analvsi*’ ‘S its pervasiveness While the 
strong and weak fcjrces are confined 
to nut lear distant es, the electro 
magnetic lon e is inetfective m macro- 
si uinc systems This is because 
matter in the large scale is electrically 
neutral 

The birth of stars 

From the microcosms, let us now 
go to some of the relevant simple facts 
of the macrocosms the birth,growth 
and death of stars, paving our way to 
blai k holes Though interstellar space 
IS alrntist a perfect vacuum (an 
five* age of one atom per cc of space 
aqainst*30 billifjn, billion atoms per cc 
of atmospheric air), this is the stuff 
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from which stars arc horn I he 
distribution of this sparse niattci in 
space IS not iinifoim There are vast 
areas in space extending over tens t ‘ 
light yeais wheie gas and dust are 
pres(?nt in lelatively high densities 
The atoms in these louds. consisting 
mainly of hydrogc»n, are swept (loser 
together by galactic shockwaves 
when the spiial arms of a galaxy 
pass ihrcuigh these clouds Thereafter, 
the atoms come closer due to gravity 
During the subsequent contraction 
over millions ot years, the temper at uie 
of this hydrogen globule steadily rises 
as the kinetic energy of contr.iction is 
converted into heat energy hv the 
incessant collision of atoms, giving the 
sphere a dull wd glow (F'lg la) Since 
the force of gravity is maximum at the 
centre, the rale of contraction of this 
proto-star and, therefore, the increase 
in the temperature is also the highest 
at the centre Tens of millions of years 
dftc’.r the ga*' Joud started on its 
inward lourney. a moriient ni time is 
finally reached wht ri the lernperatiire 
at the core of the condensing mass 
rises to 4 million degrees Kelvin, 
starting hydrogen-burning, thai is, 
fusion of hydrogen nuclei to form 
helium with the release' of energy, as 
described earlier The (>nercjy output 
at the* core ot du* prot«)-star from 
hydrogen-lnirning now prodiic es suf 
ficient heal .md light tor it lo shine 
brightly he itself and enough outw.ird 
pressuie to counteract grtivitalional 
comraclion And thus a siai i^* born 
(Fig lb) Ihis IS how F> billion yetlT•^ 
ac^o our Sun was created 

Ol all the* ^'isible stars in the sky 
about 90 pel cent Imrn hydrogen as 
their niu lc,u luel TUr lemaininci, 
which outgrown t)ie hydiogr^i 

periocf, burn mou' exotic fuc'Isoi don’t 
burn at all, and are giv/eii ec|ually 
exotic ririmes like led giants, white' 
dwarfs and neutron stats vSince, in the 
dc tiw life of .1 star, the pencKi of 
hydrogen-burning is the longest, astio- 
nomers refer to stars in this phase of 
their life as bcMiig in the Mani 
Sequence* 

The total time that a star repiains m 
the Main Sequence depends on the 



Fig I A cloud of diffused gas and dust (A) contracting due to gravity- After 
millions of years* contraction, it will become a star when hydrogen-burning 
starts inside il; it now produces enough temperature and pressure to counter 
the inward pull of gravity and thereby attain dynamic equilibrium (B) 


mass of the proto star from which the 
star was made The more massive a 
star IS, the gieater is the gravitational 
pull and faster the contraction, 
resulting in a sreep me rease m 
temix*ralure and pressure This trig 
gers hydrogen burning earliei, the 
more massive stars also consume 
hydicjgen at a prodigious rate com 
pared lo low mass stais so that 
sufficient hcMt and pressure can be 
gc.'nc^rated at the core to keep at hay 
the greater griwitaiional pull inwards 
Hence, the* more massive a star is, it 
burns all its hydrogen resources 
faster, leaving the Mam Sec^iience 
earlier 

When the hydrogen m the cme 
reaches the las! dregs, the core is 
unahle to preduce sufficient enenjy to 
withstand the relentless pull of gravity 
The balance maintained between 
giavity and the outward [jressiire is 
finally lost m fiivour of gravity md the 
sif\r begins lo collairsi* As the nnvard 
mi^venuMil g<i*ns momentum, the 
icMiirierature and pr<^*ssure at the core 
iiuTcvise far heyoncf that requir'd for 
hvydrogen igp ^lon, finally reaching the 
critical lempeiature r)l 100 million 
degrev^ when helium igniticjn starts 
! he (('re by now. is rich in helium 
which IS the crs/i of hydrogen burning 
Opcc* helium-burning starts, enough 
cMiergv is produced lo halt further 
collapse of tne star, achieving a 
second state of dynamic equilibrium 
between (^nivily and the c ore pressure 


The ash of helium-burning is carbon ‘ 
and oxygen 

Simultaneously, another pheno 
menon is taking place in the opposite 
direction The core (ollapse ihaiV 
startc'd bi'fore helium burning is so 
fast that the outer shell of the star, 
where tfiere is still enough unused 
hydrogen, is literally left behind With 
the temperature rise in the core from 
helium burning, the hydrogcMi in the 
r>uter shell also ignites Helix^cl by the 
increased energy output of the core 
the hydrogen burning outer shell 
expands outward, bloating the star 
million times and making it a red giant 
Due to the lesser amount of hydrogen 
buinmc} over a larger outer shc41, the 
surface is cooler making the sla.^ 
radiate red light instead of i'lue c'>r 
violet Hence the name red giant (Fig 
2 ) 

After another 5 billion years, this 
late awaits our Sun When the Sun 
finally evolves into a red giant, the 
orbits of Mercury, Venus anci the 
F,arth will all be within the Sun All 
these planets will be vaporised 

Meanwhile the helium-burnmg core 
of our rec^ giant issleadily using up this 
secondary nuclear fuel also, and in 
course of time all the helium is 
exhausted, leaving a carbon-oxygen 
core Having no source (^f energy now 
to prop up the star against the 
inexorable pull of gravity, it starts Uj, 
collapse again. This raises the temp 
erature of the core again The 
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Fig. 3 The model of a black hole 
candidate, HDE 226868 is losing mailer, 
which streams across to a black hole in 
orbit around it, producing the intense X- 
radiation that we see as the source 
Ci/gnus X-J 



temperature rises high enough tcj 
ignite the helium shell which was left 
behind during the collapse at the end 
of helium-burning Thus, at this stage, 
while the core stands depleted of all 
nuclear fuels, the gaseous shell of the 
sidi has an outer layer burning 
hi/cjrogen and .in inner layer burning 
.wTiDrn In the case of low mass stars 
like our Sun, no further nuclear 
reaction is possible since the mass is 
insufficient to sustain the collapse of a 
taibon cixygen tore till the tempc*ra 
ture rises sulfii lently l(» ignite Ihe-e 
el<*inenls 

Howevt^r, gravitv keeps on shrink 
ing the carlKin oxygen core till the 
.itoins are so closely packed that the 
electron shells of ntighbouimg atoms 
pressing each other i annot withstand 
the inward pressure o| gravitv any 
more The atoms finally give way The 
elec tron shells are torufisundei In the 
resulting electron fluid in which 
eieciron*- touch each other, the 
dislodge'ci atomic nuclei float around 
Just as a bucketfull of soap bubbles, 
when burst, cjccupy only ‘'t small 
volume in the form c;f ^oap llc^uld, the 
star when transformed to a plasma of 
nuc lei floating in electronic fluid is 
cruslwd to the si/e of the Earth At 
this ‘-lage, w'hcm e.rch electron is 
pressH'ig tightly a<}amsl its neighbours, 
there is no further room for ccjmpres 
bion *1 his , tate ol matter is known as 
/•iegenerale matter” (There can be 
'further compression only if two or 
mriie electrons occufiy the same stale 
whic h IS nc^t possible ac cording to the 
Pauli exclusion pnne iple ) As a rv^sull, 
further collapse of the star is stopped 
The surface temperature of the ‘■tar 
which was around lOO.OOO d(*gre<*s 
when the collapse st.jrted slowly cooK 
to about 50,000 degrees by the lin.e 
the star contracts to the size or the 
Faith Even at this lower temperature, 
it shines with a brilliant white light due 
to the lesser surface area and is 
transformed into a while dwarf The 
density of a white dwarf is so gi eat that 
a spoonful of while dwarf matter will 
•^eigh 1,000 tonnes* 

But w'hite dwarfs are not «he 
ultimate gravitational terminals S 


Chandrasekhar, who wem the Nobel 
Pri^e last year, showed m the early 
1930s that even^he pressure of degene 
rate electrons cannot resist gravity 
indefinitely There is a limit to the 
mass of dying stars whose collapse can 
be halted by such pressure According 
to his calculations, the pressure of 
degenerate electrons can shore up 
collapsing stars having upto 1 4 solar 
masses only This is known as the 
Chandrasekhar limit Therefore, white 
dwarfs must necessanly be 1 4 solar 



Fig 2 The ted giant- the helium¬ 
burning stage in the life of a star, 
surrounded by a hydrogen-burning 
shell 

masses or less What happens to dying 
stars more massive^ To this ciuestion, 
Chandrasekhar himseit had replied 
“One IS left speculating on other 
possibilities ” 

Possibility one neutron stars 

The Sun is bui an average star 
among the hundreds of billions of stars 
in th^* Milky Wa^ Galaxy Billions of 
stars are more massive than the Sun 
scjme having upto 50 solar masses* 
What will happen when one o* lliesc^ 
heav^v;<‘ighls bc^gins lo bre^athe its 
lasl-^ In the case of Icjw mass stars, no 
nuclear fires beyond helium burning 
are possible Flowever, the heavies not 
only coniinue through the carbon and 
oxygen-burning stages, leaving silicon 
ash but also go through silicon 
burning at 3 billion degrees tempera 
ture, creating ron That is the last 
gasp of even the mightiest of stars, for 


iron dcjes not burn however much the 
temperature rises The conditions of 
temperature and pressure inside such 
an iroi'i rich star core is so extreme 
that the iron atoms are reduced to 
“degenerate matter” But unlike in a 
low-mass star, degeneracy pressure of 
electrons is no match for the brute 
force of this giant’s gavity. As a result, 
electrons and protons are induced to 
interact forming neutrons Since pro¬ 
tons and electrons are present in equal 
numbers in the star, the result of 
gravity’s victory over the pressure of 
degenerate electrons is that the entire 
star core is converted into neutrons, 
there is a sudden and violent implosion 
of the core, releasing energy equal to 
what the star had produced during its 
entire preceding life This rips the 
whole star apart, presenting perhaps 
nature’s most awesome spectacle—a 
supernova, more brilliant than a 
hundred million Suns A supernova is 
short-lived—from a few days to a few 
months The mass of what is left 
behind of this imploding star core can 
be even beyond the Chandrasekhar 
limit But can it go on contracting 
indefinitely'*' No Just as contraction of 
d white dwarf was stopped by the 
degeneracy pressure of electrons 
mutually in contact, the implosion of 
the supernova remnant is halted by 
“degenerate neutron pressure” of 
neutrons tightly sqeezed against each 
other Thus our heavyweight star has 
reached static stability, becoming a 
neutron star 

As th*' core impedes with the 
release (if immense energy causing the 
explr)sion, temperatures and pressures 
are reached in the exploding shell high 
enough to fuse protons and neutrons 
texjether in sue h numbers as to form 
nuclei of elements more complex than 
iron Thet reation of all elements in the 
universe heavier than iron, including 
those in our bodies, were side-kicks of 
supernova explosions billions of years 
ag(j 

A neutron star of 2 solar masses will 
measure only 32 km across and a 
spoonful of Its matter will weigh 40 
billion tonnes* If the Earth were to be 
transformed into a neutron star, it will 
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be d sphere having the diameter of the 
dome of Jama Mdb)id' Bui even 
neutron stars are not the end of our 
quest Just as a white dwarf c annot be 
more than 1 4 solar masses, a neutron 
star cannot be nK>re than 2 5 solar 
masses What happens to imploding 
star cores with more than 2 5 solar 
masses''^ 

Possibility two—black holes 

If what IS left behind of a star after a 
supernova explosion is more than 2 5 
solar masses, the weight of the 
siiperdense star will be so crushing 
that nothing in the universe can stop 
Its total collapse, not even the strong 
nuclear force The cc^llapse will con¬ 
tinue till the entire matter of the star is 
crushed out of existence, leaving a 
black hole in space-time Nothing tan 
come out of it, not even light To 
understand why, we must know two 
things (a) if anything is to leave a 
heavenly body permanently, it must 
be expelled ^rom the body at a 
minimum velocity called its escape 
velocity, and (b) the velocity of light is 
the universal speed limit 

A superdense, supermassive star 
with more than 2 5 solar masses, once 
It begins its collapse, will go beyond 
the neutron star stage and ket'f) on 
collapsing A stage will mkih be 
reached when the esi a|>* velocity (»n 
Its surface will he ectuivalent to 3(X),000 
km pel second, that is, the speed of 
light One e the ( ollapsing stai i rosses 
this point, not even light tan eswipe 
from It No event beyond this point is 
observable fiom our universe and 
hence this limit is called the ‘Vvent 
hori/ion” of the black liole Th<^ radius 
of this spluTK al gateway of no return 
IS c allc<i the black hole’s S< hwar a hild 
rtadius, .ifter the Cjerm.in .istronorner. 
Kail Schwai/( hild, w'h(i first (.ik iila 
ted it The event hori/ion of a 2 a solar 
mas*- hl.K'k hole .wil! be iiist 7 5 km 
across* And supi>ose the Farth were 
to become a black hole, its event 
horiAin wi'l be 0 43 ceniimeties* Yet, 
the collapse does not end therc^ but 
goes on till the star shrinks to a single 
point called the “singularity” Since a 
point, mathematically, has nc. dimen 
Sion, the star vanishes from our 


universe at the singularity In fact, as of 
now, what happens beyond the event 
horizon is anybody’s guess 

It IS clear that we will never be able 
to observe a black hole directly But 
there is a fairly reliable indirect method 
which depends on locating companion 
stars to X-ray sources m the sky With 
the launching of the X ray satellite 
Uhuru (meaning freedom in Swahili) in 
1970, the bonanza of heavenly X-ray 
sources really began Many hitherto 
unknown X-ray sources were detec 
ted, among them a peculiar and 
powerful source in the constellation 
Cygnus, the peculiarity was that the X 
ray emission was not only varying in 
intensity but also flickering at the 
fantastic rate of a thousand times 
every second Thus source, by then 
dubbed Cygnus X-1, was taken up for 
special study Soon the location of 
Cygnus X 1 was found to coincide 
with the position of a big star identified 
as HDf 226868 But then, according to 
calculations, anything which us blin¬ 
king so rapidly as Cygnus X-1, could 
not be larger than 300 km across 
Theiefore, the X rays must be coming 
trom something else, but very close to 
HDF 226868 The possibility then ar()se 
of this star being one of a binary 
system Further studies confirmed 
that HDF 226868 was a siipei massive 
star of .ibout 20 solar masses with an 
invisible X ray emitting companion of 
nearly 10 solar masses* How can a 10- 
sular ma*=s star have only a diameter of 
300 km*^ It can* But only when it is a 
black hole So the first black hole 
candidate was identified Subsequently, 
many likely black hole candidates have 
been located, mainly in the cores of 
galaxies and gipbulai clusters of stars 
Black holes come in all sizes, from 
the subatomic to the stellar The 
British astrophysicist, Slephen 

Hawking, has speculated on the 
possibility that there c'an be millions of 
mini black holes m the universe which 
were created at the time of the Big 
Bang (explosion of the primordial 
matter by which the universe was 
creaied, as is gcneially accepted) 
Hawking argued that at the moment of 
the Big Bang, portions of theexploding 


matter were subject to such tremeii 
dous pressure and temperature that ^ 
number of lumps of primordial mattei 
were crushed inside their event 
horizons by these external forces 
Thus, unlike massive stars collapsinc^ 
by themselves into black holes, these 
primordial black holes were crushed 
out of existence by external force's at 
almost the same moment of creation 
Such mini black holes may be lurking 
m nearby space 

A black hole has tremendoiu 
gravitational pull, and it keeps devoii 
ring matter like a demon What 
happens when you approach a black 
hole'-^ As you approach a black hole 
the gravitational tidal effect (tidal 
effect IS the differential m the gravita. 
tional force by which the extremities ot 
an object is attracted by amilher 
object) will keep on increasing withoui 
bound and will tear any finite sizei\ 
object apart The Moon’s tidal effe^ T 
causes the oceans of the Earth to rise 
and fall as the Earth rotates The 
Earth’s tidal effect on our bodies is so 
minute that it is equivalent to pulling 
our feet down towards the centre ol 
the Earth with an extra weight of about 
4 drops of water than the head But if 
we arc standing on a 2 5 solar-mass 
black hole, the differential in the pull 
between the head and feet will be 
about 50 million tonnes* 

Due to an effect of the Special 
Theory ol Relativity known a.*- time 
dilation, as future astronauts approach 
the event horizon of a black hole, thev, 
would appear to be moving progres 
sively slower and slower, aiid at the 
event horizon they will stop dead Side 
by side, due to another effect of the 
General Theory of Relativity, light 
from the astionaut will progressively 
become less and less energetic in the 
tremendous gravitational field of the 
black hole and at the event horizon, he 
will completely fade away The astro 
naut himself will notice nothing of this 
since his body metabolism and even 
the movements of the atoms in his 
body will correspondingly slow down 

□ 

Mr Mampilli is a freelance hCience ivuter. 
sprria/ising in astrorKjmv and astrophvsir^ 
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‘LOGICAL LEARNING 


' MMUNOLOGY,ecology, toxicology, scK iobioloqy-^riGnrc abounds in 
‘logies’ But what does ‘logy’ signify'*^ The suffix ‘logy’ is derived frcnn (he 
Greek word logos meaning ‘science’ or ‘telling’ Here we piesent 
10 words ending m ‘logy, can you logically conclude what they stand for-^ 
Answers on pages 76 and 77 


(1) Tocology: 

(A) Science of childbirth 

Branch of political economy 
dealing with wealth 
production 

(C) Speech or writing in praise of 

a person 

(2) Deontology: 

(A) Science of morality oi ethics 

(B) Phrase with two meanings 

(C) Science of cookery 

(3) Harology: 

(A) Study of the art of making 

clocks 


(B) Study of accounts of descent 
from ancestors 

(C) Study of antiquities 

(4) Entomology: 

(A) Science of human varieties 

(B) Study of msec ts 

(C) Science ot charac ter 

(5) Sitology: 

(A) Knowledge of the Chinese 
language 

(B) Study o\ cells 

(C) Science of regulation of diet 

(6) Demonology: 

(A) Study of filthy insects 


Maneesh Mohnol 

(F31 Literature about devils 

(C) Science of mental diseases 

(7) Ornithology: 

(A) Study of snakes 

(B) Science of ear diseases 

(C) Science of buds 

(8) Pathology: 

(A) False reasoning 

(B) Study of diseases 

(C) Universal knowledge 

(9) Penology: 

(A) Study of muscles 

(B) Study of prison management 

(C) Study of fermentation 

(10) Neurology 

(A) Sc lence of astronomy 

(B) Study of the brain and 
nervous sys tem 

(C) Study of defec tive 
pronunciatmn 


Begin a voyage of discovery! 
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Nueens from space 


HE interpldn(*t«iiv :>paci* thmucjh 
which thk? Edrfh jnd rhi* Mdon i irclp 
the Sun contains a wkIl' vanetv of 
objects represt»nrmg pt'ihiips the left 
overs from the time of the fotnutumof our 
solar system These objects are of si/cs 
ranging from specs of dust tfi major 
meteorites, asteroids or comets The 
larger iheir size, the smaller is their number 
and less the chances of their hitting the 
Earth It is estimated that the mean 
collision time for an asteroid of 10km 


mineralogy of the meteorites which distin¬ 
guish them from terrestrial matter Nickel 
iron alloy is practically absent from 
teirestiial rocks The meteoritic material 
has a relatively higher abundance of 
platinum metals —osmium, iridium, ruthe¬ 
nium, platinum, rhodium and palladium 
Tlie Lo»e of the Earth essentially consists of 
iron-nickel and the platinum metals have 
migrated to th's zone Some of these 
features help the investigator distinguish 
terresti lal from extra terrestrial material 


Scanning electron micrograph of an 8-/im platinum group nugget 



diameter hitting the Earth is about 100 
million years 

In contrast. about 100 million meteors of 
much smaller size enter the atmosphere 
daily with velocities up to about 100 km jier 
second but are usually destroyed before 
they reach the E«irth Many medium size 
meteors survive the fiery passage ihioutjh 
the atmosphere and reach the surface of 
the Earth beccjming meteor ites Fragments 
varying in weight from a few kilos to 
hundreds cjt kilcrs have been recovered An 
intensive study of these remnants helped 
scientists to unravel some of the mystc^iies 
of the c reation the solar sysU'm the Parth 
and Its geological and biological evolution 
The meteorites are broadly classified into 
irons, stony irons, chondrites and achon 
dntes The chondrites are characterised 
by the presence of spheroidal aggregates 
of about one millimeter diameter, knowrr 
as chondrules The irons consist essentially 
of a nickel v- on alloy with four to 20 per cent 
nickel 

There are some important aspects of the 


Cosmic spherules 

In 1876, Sir John Murray published 
observations on magnetic spherules 
extracted from deep-sea sediments colle- 
(led by the Challenger expedition The 
rather unexpected ociuirence of ele¬ 
mental metals in the spherules led him to 
attribute extra terrestrial (irigin to them 
Pettersson and Frcdriksson collected by a 
magnetic com ertfration process, ‘hun 
dreds' to ‘thousands’ ot spherules per kilo 
of sediment samples from the Swedish 
expedition with the Albatross These 
authors calculated the quantity of sphe 
i ules reac hing the Eiirth’s surface to be of 
the order of 2,500 to 5,000 tons annually 
Many of the spherules examined by them 
showed a metallic nucleus inside a layer of 
iron oxide 

Smales, Mapper and Wood (Geochini 
Cosniijc himica Acta, 1958) applied the 
sensitive radioactivation analysis to some 
of these samples and determined the 
nickel/copper, nickel/cobalt, copper/ 


cobalt and nickel/iron ratios, compared 
the values with those obtained for iron 
meteorites and concluded that the sphe 
rules are of cosmic ongin Casting and 
Fredriksson (Geochim Cosmochimica 
Acta, 1958) using an X-ray microanalyser 
technique showed that the metallic 
nucleus of the spherule contained 30 per 
cent nickel, 69 per cent iron and 1 5-per 
cent cobalt while the iron oxide shell 
showed less than 0 5 per cent nickel They 
propounded that the spherules were 
formed during the flight through the 
atmosphere, where they attain high 
temperatures for a very short time During 
this stage, while the oxide layei is formed, 
nickel concentrates in the metallic nucleus 
Many claims of isolations of air borne 
spherules proved to be of either volcanic 
or industrial origin However, the existence 
of authentic extra-terrestrial spherules m 
sedimentary deposits is ivell established 
now 

Platinum group nuggets in deep- 
sea sediments 

Though the greater abundance of 
platinum group metals (PGMi in meteoritic 
material compared to terrestrial rocks is 
known for quite some time, no one 
observed them in any concentration above 
a few parts per million In a recent paper 
{Nature, June 1984) Brownlee, Bates and 
Wheerlock reported the occurrence of 
nuggets of tK3M of five to ten microns in 
iron oxide spheres, 300 to 500 micron dia 
merer, collected from the ocean floor 
These spheres do not contain an iron- 
nickel metal core but arc almost entirely 
made up of magnetite and wustite, a ^ 
metastable ircjn oxide which is present " 
only in material of meteoritic origin Thzse 
authors established that more than 70 per 
cel'll of the mass of a typical nugget is 
c omposed of an exotic alloy containing Os, 

Ir, Ru, Pt, Rh and Pd From the known 
abundance of PGM in cosmic material they 
concluded that practically all the 
contained in the meteoritic sphere is very 
pffi( lently concentrated in the nugget 

The sequence of events that lead to the 
formation of the nuggets is outlined as 
follows An interplanetary dust particle 
melts (stage-1) during the atmospheric 
entry and forms the composite spheroid of 
molten silicate and metal Due to density 
difference the two parts separate (stage-2) 
As the metal sphere devebps a rapidly 
growing oxide shell, elements more 'noble' ^ 
than iron concentrate in the shrinking^ 
metal core (stage-3) When oxidation is 
nearly complete most of the iron and nickel 
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leave the core resulting in a small nugget of 

Jlfily pure POM (stage-4) By a simple 
^fculation Brownlee, Bates and Wheer 
lock predicted that the iron cosmic 
spheres that formed before the abundance 
of oxygen in the atmosphere reached half 
its present level could not be totally 
oxidised during entry and should not 
cnnrain P(JM nuggets If dated stratigraphic 
layers of the ancient sediments are re¬ 
investigated for cosmic spherules and the 
existence of PGM nuggets established, it 
should provide an indication as to when 
the oxygen abundance in the Earth’s 
atniosphcip reached half its present level 

Oxygen and evolution 

Bel kner and Marshall discussed the role 
of the Eai ih’s atmosphere in the evolution of 
life on Earth According to them, evolution 
during any geological period must be 
interpreted as a complex interaction 


between the oxygen level in the atmos 
phere and the way in which that level 
produces opportunities for evolution 
According to them, major evolutionary 
outbursts occurred when oxygen reached 
a level of one per cent (Paleozoic era, 600 
million years ago), and 10 per cent (late 
Silurian 400 million years ago) of the 
present value They even suggested that 
for the past 300 million years both oxygen 
and carbon dioxide may have fluctuated 
about the present levels in a series of saw 
toothed oscillations, dropping suddenly 
perhaps to the 10 per cent level, and again 
rebuilding slowly, 

PGM nuggets and evolution 

A search for cosmic spherules and PGM 
nuggets in ocean sediments of different 
ag^s might give evidence for the oscillating 
oxygen levels in Earth's atmosphere 
passing through the 50 per cent (of present 


value) level and help solving s(jme of the 
nuzzles of evolution 
Alvarez, Alvarez and Asaro (Science, 
1980) explained the great extinction of ' 
several living species about 65 million years ‘ 
ago (Cretaceous Tertiary,C T, boundary) ; 
by postulating an asteroid (about 10 km 
diameter) strike, the resulting dust cloud 
spreading over the globe, hiding the Sun 
for years, suppressing the process of 
ph(jtusynthesis with the ultimate extinction 
of several species They substantiated the 
argument citing a sharp increase (30 to 150 
fold) in the abundance of indium in the one 
cm thick clay layer that marks the C-T 
boundary in the Apanines of northern 
peninsular Italy and the sea cliff of Stevens 
Klint, about 80 km south of Copenhagen 
Thus the PGM in the extiateirestrial 
materia! that reaches the Earth and gets 
deposited in the undisturbed sedimentary 
layers of the ocean may throw light on 
several teriestnai events of the past 
epochs. Meanwhile it is an idle but 
tempting speculation whether PGM nuggets 
can ever form an economic source for 
these precious metals on the globe 

T.K.S. Murthy 

Dr Murfhv is Head, Uranium Fxtrainnn 
Divismn. Hhahha Atomu Researt h Centre 


HEPATITIS 

VACCINE 

SOON? 

FPATITIS B virus (t^BV) infection 
■ constitutes one of the major 
/ causes for heptatitis a liver 

disease that is prevalent through¬ 
out the world In many Asian and African 
countries HBV related hepatoma is the 
most common malignant tumour, account 
ing for about 30 per cent of all*cancer 
deaths among males The need for an 
effective vaccine is thus obvious 

A new vaccine has already been 
developed This is an important landmark 
in the history of preventivz medicine This 
vaccine is prepared from the surface 
antigen of HBV, known as Hepatitis B 
surface antigen (HBs Ag) present in the 
serum of persons chronically infected with 
HBV Although this vaccine is proved to be 
safe and effective, its high cost and limited 
availability precludes its use for the poor 
section of the world for whom hepatitis 
constitutes a major health problem Other 
ways of preparing effective and specific 
vaccines for HBV are under investigation 


They are a) Recombinant DNA technique, 
wherein appropriate DNA fragments 
derived from HBV can be incorporated 
into a suitable vector and b) synthesis of 
long, chain pep^tides having the same ammo 
acid sequence as that of the protein of HBs 
Ag 

R C Kennedy, J L Melnick and G R 
Dressman uf Baylor College of Medicine, 
Texas. USA, have now introduced a new 
concept in the preparation of a vaccine 
against HBV through idiotype anti-idiolype 
antibody network (Science, 233 1984) 
Idiotype 15 an antigenic determinant near 
the antigen binding sire of an antibody 
These scientists have charactensed an 
idiotype common to human antibody and 
BALB/C mice antibody to HBsAg (inter 
species idiotypic cross reaction) and they 
prepared an antibody to this idiotype (anti¬ 
idiotype antibody can recognise a common 
idiotype associated with the antibody to 
HB^Aq 

It has been found by the authors that the 
prior injection of an anti idiotype antibody 
into mice enhances immunoglobulin M 
(IgM) anti HDsAg, when the mice were 
immunised with HBsAg They could now 
induce antibody to HBsAg in mice by 
injecting them with anti-idiotype antibody 


alone In an actual experiment, a group of • 
SIX mice were injected with affinity-purified | 
rabbit anti idiotype antibody absorbed in j 
alumina gel (alumina gcl is used as an | 
adjuvant) A control group of mice were , 
injected in a similar way but w'lth i 
immunoglobulin G (IgG) from rabbits prior | 
to immunisation The antibody titre of the J 
sera obtained from the mice were j 
detc'rniined by the solid phase radioim- tf 
munoassay technique 
The authors found the presence of the 
antibody to HBsAg in high titre in all six 
mice of the first group But nn findings 
suggest that an anti idiotype antibody may 
be useful as a vaccine Also the anti¬ 
idiotype antibody produced in other 
species may not be suitable for human use 
However, this problem as suggested by the 
authors, can be circumvented by human 
monoclonal antibodies Let us hope that 
hyhndonia-pioduced anti idiotype mono¬ 
clonal antibody will provide an effective, 
safe and inexpensive vaccine against HBV ' 

N. Sivaprasad 

/V SiupprasadL is a scientific officer in the 
IsotofMp Group Bhabha Atomic Research: 
Centre. Bomtxiv 
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The 

White 

Hole 

Universe 





E instein’s equations-the equations 
of general relativity—describe the 
behaviour of spacetime in the 
presence of mass-energy The Uni- 


Einstein's t/iec^ries uork equally well 
when applied to the UniuMse at lar^e 
From the first split second of an exploding 


fireball to the far future, billions of year', 
from now, the Umuerse can be pictured as 
an inside out black hole 


verse we live in is a region of spacetime 


containing mass-energy, and it is no 
Surprise to learn that Einstein's equations 
can be used to describe the behaviour of 
the Universe Strictly speaking, though. 
Einstein’s equations can only be used to 
describe the behaviour of a complete 
Universe When we use them to describe 
thebehavioui of light passing near the Sun, 
or the orbit of Meuury, we are actually 
using an approximation, because general 
relativity is a complete theory dealing with 
complete regions of spaietinie, which 
means the whole Universe 1 he equations 
can happily be applied to black holes, 
which arc Universe miniature regions ot 
space rime bent around and cut off horn 
the almost flat spacetime that stretches 
across the visible Universe and they can 
equally happily be applied to the puzAe ol 
how our Universe came into eMSterce, 


apart from this regular rhythm, the stars 
seem unchanging and constant of any 
human time scale So astronomers 
assumed that unchanging constancy was a 
key feature of the Universe at large At the 
beginning of the twentieth century, stars 
were all that astronomers knew of the 
Universe and what we now think of as our 
Milky W'ay Galaxy, an island of thousands 
of millions of stars like our Sun. set in an 
rtimost emptv sea of spac t'time dotted with 
other island galaxies and clusters of 
galaxies, was all the Univeise to them So 
Einstein’s first attempts to describe the 
strut lure of the Universe using the 
equations of general rclctiviiv were aimed 
at producing a picture of sfahililt a 
Universe of flat sfiacetimc which stayed the 
same on average, forevei The equations 
he had set up, however, stubbornly 


consistent with Einstein’s equations, which 
starts at infinite size, collapses down to a 
finite state (but not a singularity), then 
turns around and expands back out to 
infinity Einstein even managed to find a 
way to fiddle a stable Universe out ot the 
equations, but (^nly by adding an e\Ma 
I onstant, a new parameter which had no 
roots in the study of gravity which had 
given Einstein the basis for his cosmological 
calculations In latei years, Einstein 
described this fiddle as the biggest mistake 
he ever made, and although theorists still 
dabble with models involving cosmit 
constants we, like Einstein in later life, ( an 
ignore siu h ideas For, by the end of the 
1920s, It had become clear that our Milky 
Way does not represent all ot spacetime, 
and that our Universe is not delicately 
balanced l>etween the alternatives offered 


and how it evolved into the state we see 
today 

That IS the puzzle that Einstein set out to 
solve with his theoiv of gravity and 
spacetime But his first attempts to solve 
the puzzle prcxduced answers as baffling as 
the original puzzle The equations Uiat had 
proved so dramatually successful in 
solving problems like the bending of light 
near the Sun. or the detailed nature of the 
orbit of Mercury, seemed to be less 
successtul when they were applied to the 
whole Universe, a cor-'.plete region of 
spacetime which thev, had been designed 
to deal with The paiadox stemmed trom a 
misunderstanding about thi’ natur*' of the 
Universe which Einstein shared with every 
astronomer in the early iiarf of the 
twentieth century 

When we look up at the night sky, we 
see a pK'ture of stability Seasons^ come 
and go. with changing patterns of stars, but 


refused to play hall Analyze thcmi as he 
mighi. Einstein found that in their original 
foim they could ncjt be made to describe 
such a static Universe He could giM 
mathematical mcxiels, as we would now 
call them, that described regions of 
spacetime collapsing upon themselves 
under ihe influenie ol gravity (black 
holes), and he crftild get rrvithematical 
models ot Universe buf^ting outward from 
a singurarity. like a black hole in reverse 
(ri'membcr the ennatinns aretimesymme 
trie) But he couldn’t get mathematical 
models winch piodiued a Universe 
balanced on the knife edge bcnwtvii 
expansion and collapse 

Of course, there were variations on the 
theme Some of the expanding model 
universes slow down and reverse their 
expansion, collapsing back in upon 
themselves And it is possible to build a 
mathematical description of a Univeise, 


by general relativity in its simplest form, 
expansion or collapse Thanks to the 
pioneering work of Edwin Hubble, astro¬ 
nomers knew by then that Ihe Univci*-e 
contained many galaxies more or less like 
our Milky Way system (we now know 
there are thousands of millions of such 
islands in space), and that by and large 
they appeared to be rushing apart from 
one another In other words, the Universe 
we live in is expanding, as Einstein’s 
equations had tried to predict, and as 
Einstein himself icfused to believe until the 
observational evidence came in 

The expanding Universe 

This IS something that cannot be 
stressed too highly Ask any cosmologist 
today, and he will tell you that the single 
most fundamental fact we know about the 
Universe is that it expands Hubble’s 
discovery of the expanding Universe came 
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as a surprise to everybody in the 1920s 
Yet Einstein’s equations had predicted the 
discovery, whether Einstein liked it or nut 
The single most important thing we know 
dhout the Universe we live in was 
predicted by general relativity tx)werful 
evidence indeed that general relativity 
urpyides a good descnption of the 
~"ifjrverse 

How do wc’ know that the Universe is 
expanding^ Without going into the details 
of Hubble’s epochal discovery,* the 
essential point is that distant galaxies show 
a red shift in the light we receive from 
them The light from any object, such as a 
stai or a galaxy (which is a collection of 
stars) can be split into its component 
colors, the spectrum of the rainbow, and 
such .1 spectrum is marked by dark or 
bright lines which are as characteiistic as 
fingerprints and show which elements- 
which atoms- are tJresc'nt in the hot 
object which is tadiating the light The 
optical spectium, the band nf light visible 
to our eyes, runs from red to blue, with red 
light having longer wavelengths at'id blue 
light shorter The light from stars in our 
own Galaxy show many s|:)ectrdl fingerjinnts 
of different elements, and the light from 
distant gdldxu\s shows the same fingerprint 
patterns, but shitted toward the red and 
away trom the blue end of the spectrum In 
other words, the wavelength of tlie light 
from distant galaxies has been increased, 
stretched somehow cornijared with light 
from objects in oui ow'n Galaxy The 
himfilest explanation of this is that the 
distant galaxies are moving away from us, 
and from ciich other This has the effect of 
/nIi etching the wavelength of light from 
^ those galaxies, in the same way that the 
note of a passing police car siren is 
deeix'npd as the cat spc>eds away from us 

A battery ot astronomKdl tests shows 
that for the galaxies near enough for their 
distances to be estimated by other mcidiis, 
the red shift in their light is proportional to 
then distance from us This is exactly 
consistent with the simplest mcKlels of 
general relativity, and very few asiro 
nomers now doubt that all galaxies obey 
the same red shift/distance relation, 
dubbed Hubble’s law in honour of its 
disc*jverer The more distant a gabxy is 
from us the faster it is rushing away, and 
the distance to any galaxy can be 
determined by measuring its red shift This 
IS the inheritance Hubble gave to astro 
'•->nomy, and it provides the observational 
evidence which backs up the reality of the 
simplest cosmological models of general 
relativity 


Einstein’s equations describe, in their 
simplest form, a Universe* in which 
everything is leceding from everything 
else, just as Hubble’s observations show 
We are not at the centre of the Universe 
with everything receding from us - 
spacetime itself is expanding, carrying 
along the islands of mass energy (galaxies) 
with it, so that everywhere in the Universe 
we would get the same picture of galaxies 
receding from us in line with Hubble's law 
Imagine an inlinitely large plum pudding, 
with no centre, expanding in the same way 
that the Universe expands F-rom the 
viewpoint of every plum in the pudding 
every other plum would be receding, but 
none of the plums is moving through the 
pudding, just as, apart trom minor local 
motions, none of the clusters of galaxies in 
ihc Universe is moving through the fabric 
of spacetime It is spacetin.e that expands, 
carrying us along for the ride 

Still, few of us arc really comfortable 
with the idea of “empty space” being 
elastic, and able to stretch, squeeze, or 
bend It is more comfortable to think of the 
galaxies, or clusters of galaxies, rushing 
apart like the fragments of an explosion 
Up to a point, the analogy is useful But 
remember, it is only an analogy, as we use 
It to wind our picutre of the Universe back 
to the beginning, the Big Bang 

If dll the galaxy clusters are rushing 
apart, then the Universe must ha^'p b-^en in 
a more compact, denser state in the past 
with galaxy clusters closer together than 
they are now Push this to extremes, and 
we envisage a time, long ago. when all the 
galaxies were touching, befoie that, the 
Universe must have been a very different 
place, and if we keep pushing back in our 
imagination we come to a time when all the 
stais of all the galaxies were dissolved in a 
primeval superstai, a fireball —the big 
Eimg in which the Universe as we know it 
was bon i So mui h we might have guessed 
fiom Hubble’s observations nf the 
expanding Univeise, eC’en without the aid 
of Einstein’s equations The Ixviuty o^ 
general iclativify, and the serendipifv ol its 
development at the same time as observe'rs 
weie building new telescopes and dis 
covering the true nature of the Universe.is 
that It describes in great detail just how 
such a cosmic fireball exfjdnds from near a 
singularity, out of a region of almost infinite 
density and almost infinite temperature 
Although very few cosmologists, if any, 
would use the term to describe the Big 
Bang, it is exactly what 1 mean by a white 
hole—a black hole in reverse We live in a 
white hole Universe, and the more people 


are familiar with the concept of black holes 
in the Universe the more helpful the image 
of a white hole Universe is What it really 
IS. though, IS Einstein’s Universe, the 
simplest model Universe desciibed by 
general relativity is indistinguishable from 
the Universe we see about us We cannot 
use Einstein’s equations, or any others, to 
describe what happens at singularities or 
infinities, which is why I say that we can 
picture the expansion of the Universe from 
a state of almost infinite temperature and 
density, close to the singularity in which, it 
seems, everything was created But we can 
now get very close indeed to that 
singularity To be precise, theorists now 
think they can get back to the first 10-^*' of a 
second after the outburst from the 
singularity And the conditions thteir 
equations descrilx* theie are not that 
different from the world of particle creation 
and explcxling black holes described by 
Stephen Hawking in recent years 

The cosmic fireball 

In the extreme conditions of the 
pnmeval eosmic fireball, particle creation 
was much less of a trick than it is even in 
the region of bent spacetime near a black 
hole What matters when it comes to 
making particles is the energy density of 
the radiation around, and with almost 
infinite energy density it is possible to 
Cl cate particle antiparticle pairs with very 
large masses Of course, they don't “live* 
very long, like the virtual panicles of 
“empty spac^” texiay, each paiticle soon 
meets up with its antiparticle counterpart 
and disappears in a puff of energy But as 
the Universe expanded, it thinned out, 
which IS another way of saying that the 
energy density and temperature decreased 
Texlay, mattei and radiation are still the 
two most important components of the 
Univer-'e, hut the thinning out prt/cesshas 
^une so tni that the density of the 
remaining bac’Kground radiation too low 
to make any real particles, and only the 
^nlbbllnq spaLetirm* of virtual paiticle- 
production lemains as a theoretical 
reminder (and a piactical one near black 
holes) ot how the Universe began The 
surprise, to theorists first grappling with all 
the implications c* Einstein’s equations in 
the thirty yeais after the realisation that 
the Universe really is expanding, was that 
any matter is left over at all In the fireball 
days, energy radiation dominated the 
mass-energy duality, and matenal particles 
were fo#ir ephemeral visitors to the fabric of 
spacetime If every pair then meets and 
annihilates itself, how there was any matter 
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The laws of physics that govern the conversion of 
energy to material particles may not be perfectly 
symmetrical. Do we owe our existence to an 
imperfection in these laws? 


point when the Universe thinned oul 
cooled down - to the point wht*rf* particles 
could no longer he created from the 
background radiation*^ 

Various ideas have been offeied Per¬ 
haps the Universe really contains equal 
amounts oi matter and antimatter, but 
somehow the two got separated long ago 
Maybe some of those galaxies we see flying 
away from us in the expanding Universe 

• are actually made of antimatter But in 
recent years an alternative suggestion has 
gained favour It now seems that the laws 
of physics which govern the conversion of 
energy into material particles Jre not 
perfectly symmetrical, after all A tiny 
asymmetry in the equations leaves scope 
for a tiny fraction more particles to be 
created than antiparticles After the fireball 
era of the Universe, when all the 
antiparticles had met their particle partners 
and annihilated themselves, turning back 
into energy, a few particles were left over 

‘ These, the afterthought of creation, now 
form all the stars (and their planets) in all 
i the visible galaxies We owe our existence, 
' It seems, to an impcifection in the laws of 
physics 

What happened to all the radiation’ It’s 
I still there, and it still fills the whole of the 
! Universe But the Universe has exfwnded 

• so much since the Big Bang that what was 
I once a i adiant fireball of heat energy is now 
' a weak hiss of radio noise, with a 

temperature equivalent lo just under 3 K 
This IS the black body background 
radiation, the* di'^tovery of which earned 
Arno Pen/ias and Robert Wilson a share of 
the Noble prize, and provided yet another 
, observational proof of the validity of the 
Big Bang tfieory With modern radio 
telescopes, astronomers tan eavesdrop 
oh the echo of the Big Bang itself, and by 
taking the temperature of tins radiation 
today and working backwaid in time', thev 
get another handle on the temjxTalure the 
Universe must have had when it was young 
and dense We learn from the background 
radiation what the Universe was like the 
last time matter and radiation interarioci, 
which occurod just before it cooled to the 
point where elections and proUinsbecame 
bound together as atfmis 

Electromagnetic radiation only interac Is 
with charged particles, so the last 
“scattering" of the background radiation 
occured when the last negt^livc electrons 
and positive protons were being brjund 
together in electncally neutral atoms The 
temperature at which this liappens is 
about the same as the temix’rature at the 
surface of thc^ Sun today, some 6,000 K, 


the Universe reached that temperature 
about 100,000 years after the Big ^ng - at 
that time, the whole Universe was like the 
surface ot our Sun Studies of the 
background radiation today show that it is 
very uniform, corning from all directions in 
space equally strongly, except for effects 
which can be explained in terms of the 
local movement of our Sun and Galaxy 
through spacetime This tells us that the 
Universe itself was very uniform 100,(XX) 
years after it was born, with electrically 
charged particles spread evenly through 
out it And I his in turn tells us that the 
simplest cosmological models of general 
relativity, the Big Bang models which 
described uniform expansion of uniform 
universes, are indeed the best guide to how 
the Universe got from the Big Bang to the 
state, 100,0(X) years later, where matter 
and radiation finally decoupled and went 
their separate ways For comparison, 
various estimates based on measurements 
of the rate at which galaxies recede from 
one another, and tests involving the 
radioactivity of samples from meteorites, 
show that the Universe has now been in 
existence for something between 10and20 
billion years, with most tests favouring the 
lower end of this range And our Sun and 
Solar System have existed for nearly 5 
billion years, probably about one third of 
the life of the Universe to date 

Back to the beginning 

in order to keep some sort ot a link with 
the Universe as it is today, we can continue 
our imaginaiy probe back toward the Big 
Efang Itself from those last days of the 
fireball when matter and energy decoupled 
Remember that, the Universe grew 
from the Big Bang outward, but that we are 
l(K)king at the time reversed pattern, a 
black hole instead ol a white hole This 
niiiy, however, be of more than passing 
relevaiK e to the Universe itself, as we shall 
see 

Going back in lime eailier than 100,000 
years after the Big Bang, the Universe 
simply gets hotter and denser, with no 
sigiiifkant change in its other properties, 
until wr* are wuhin a few minutes of 
degrees, and before then it was too hot for 
protons and neutrons to exist in stable 
atornit nut lei From the first few minutes 
onward, the particles that came out of the 
earlier phase of the Big Bang were 
arranging themselves into atomic nuclei, 
75 pel Lent hydrr»gen and 25 per cent 
helium, as we learn from studies of the 
composition of old stars, revealed by the 
fingerprint lines in their spectra After 


100.(X)0 years, as we have seen electrons 
became bound to the nuclei The epoch 
since then has been the epoch of atomic 
matter, and the interval from a few minutes 
to 1(X),000 years was the epoch of nuclear 
matter The first three or four minutes of 
the Big Bang, however, rrark the epoch 
when the relevant physical laws were thos/Ef 
particles they conjure up in energetic 
interactions in their particle accelerators, 
smashing protons into each other, or into 
atomic nuclei, to see what comes out 

At this stage, simplicity is all We see the 
Universe to be a very simple place, 
expanding uniformly and the same every 
where The undoctored equations of 
general relativity describe just such an 
expanding Universe, hinting at underlying 
symmetry and simplicity Back in the first 
few minutes, our theories arc oijeraling 
under conditions where they cannot be 
tested in the Universe today, and all we can 
do IS follow the simplest path But the 
simplest path leads to a clear, consistent 
picture which is certainly speculative, in 
that It can never really be tested, but seems 
to provide a working descnption of the 
birth of the Universe 

Pushing back in*ti the particle epoch, we 
make the simple assumption that the 
Universe keefis getting hotter as it 
squeezes more densely together--as 
spacetime shrinks At an age of 10 '^s 
(0 0(X)01 seconds), individual protons and 
neutrons arc packed together side by side, 
like the particles in a neutrons star, and our 
everyday experience of the behaviour of 
matter begins to break down What 
happens when the particles are squee/ecT 
even tighter together’ One suggestion is 
that they dissolve into a “quark soup,” 
quarks being the hypothetical particles 
invoked to explain the events particle 
physicists sec in their experiments One of 
the best current theories says that 
ordinary particles such as protons and 
neutrons are themselves made of quarks * 
Rut as we try to probe further back 
towards the singularity, even the* ccjncepi 
ol particles becomes a little fuz/y at the 
edges 

Remember the uncertainty of quantum 
mechanics Each particle exists in a fuzzy 
state, spread over a small volume of 
spacetime, and there is a strong conviction 
among relativists that the real breaking 
point of general relativity comes where 
quantum effects dominate Relativity is a 

* And, sure enough, some theorists suggest that 
quarks may lie in the hearts of neulion stars, 
where the neutrons themselves have been 
crushed out of exrstence 
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“classical” theory in the sense that it deals 
with particles in the same basic way as 
Newton did, treating them as well 
determined objects with precisely identifi 
able locations and velocities General 
relativity cannot happily deal with fu^^y, 
uncertain objects, and back around 10 ** 
seconds after the Big Bang the Universe 
^ir ^ so small that the quantum mechanical 
st^’ of the individual quarks was significant 
-the time left between then and the 
•>ingubrity is so small that the particles 
c an’t be sure whether they are one side ot 
rhe singularity or the other This provides 
clues, perhaps, to the nature of the Big 
Bking Itself At present, though, we have 
no description of gravity that includes 
quantum mechanics, and without such a 
theory we cannot get closer to the Big 
Rang than 10 '” seconds Thai, however, is 
close enough lo be impressive -the 
ultimate spacewarp, with quarks packed 
as closely as quantum uncertainty will 
allow, and a temperature a round 10^^ K 
The mass of each X particle is 10'GeV, 
one thousand trillion times the mass of the 
proton, which is just 1 GeV Since the 
mass of a particle which can be produced 
out of a radiation field depends on the 
temperature of the radiation (a measure of 
Its energy density), such exotic particles 
can only appear in the early phases of the 
Big Bang Close to the singulaiitv itself, 
temperatures of lO-^-^ K allow the creation 
(»f particles with masses up to lO'** GeV, 
10,000 times more massive than the X 
particles, but once the temperature falls 
below lO*’" K, at a time just If)”'' seconds 
after the ■^Migulanty no more X-particles 
r an be made, and those left over from the 
f earlier phase soon decay into a shower of 
paryons (or antibaryon quarks) The 
asymmetry in the Universe which has left a 
trace of matter around today just one 
haryon for every billion photonR was 
frozen into the expanding Universe at that 
point, lO”'* seconds after the Big Bang at a 
temperature of J0^“ K 


** It also meaiib, as mdiiy thennsis have pointed 
nut. that we cannot say what ultimately happens 
to matter involved in a black hole-col lapse The 
laws of physics we know break dfiwn at the 
singularity Dues the collapsing matter “tunnel 
through" the singularity and hurst out some 
where dsc*^ Does quantum gravity hall, or even 
reverse, the collapse"^ Those are the quesiirins 
which remain to he answered, and provide some 
of the most exciting challenges for matheirwitical 
physicists today Be sure you haven’t heard the 
last of black holes 


To recap, in the first instant of creation, 
the tiniest split second, very heavy X 
particles were created out of the enor¬ 
mously dense radiation field A tiny split 
second later, the energy density was 
already too low for any more such massive 
particles to be created, and within a further 
billionth of a billionth of a billionth of a 
second the X-pt^rticles decayed, frag 
menting into other particles and anti 
particles In the showei of particles created 
in this way. there were just a few nuire of 
the kind of quarks that make barv(»ns than 
those that make antibaryon^, and the tesuli 
IS that in the Universe today, although there 
IS much mrne radiation than raaller, there 
remains a tiace of matter. just one haryon 
for every billion photons. suffiCKMii to 
produce all the jitars in all the g.ilaxies, and 
all the atoms in our own bodies 

As yet, I he theories are too impret ise to 
predict a definite number for the resulting 
ratio of baryons to photons, but the 
estimates range from 10 ' to 10 ' ‘ This is a 
very big range, but there is some coiafi^r* 
to Iv.' drawn from the fact that the ai tual 
haryon'photon ratio. If does at least he 
within It Lindley also points out, tlunigh. 
that theie is another wav ‘a^ maki* the 
haiyons, using primordial 'niack holes 
I' very small, very dense black holes 
were present in the superdens*' state of the 
Universe, they rciuld themselves provide 
the original X particles trom which our 
piesenr day barvons are descended, 
thanks to an extreme' form of the Hawking 
process by which black holts emit 
particles The most extreme versions of 
such models of the Universe even have a 
“cold” oiigin -a cold Big Bang with the 
black holes doing all the work of particle 


production TIk’ hot model is simplest, and 
theiefore preferable until there is some 
good reason to discard it, hut it is nice to 
know that there is yet another link 
between the theory of black holes and the 
theory of the origin of the Universe Maybe 
the whole Universe is better described as 
an exploding black hole, rather than an 
expanding white hole But this is as far as 
leasonable speculation can take of the Big 
Bang, and the source of all the material 
around u*^, and within us We have a rough 
idea perhaps not so very rough -of how 
things got to be the way they arc * The 
obvious question that follows is where 
things are going- what is the ultimate fate 
of the Universe^ And this depends very 
much on the wav in which space time is 
(urved □ 


*BiJt wi* don’t kiioa whv thrigs started out in 
Big Bang Some questions are outside the 
diMMain ol phvsu s ,jnd in c oriespundence with 
;n»' nil Pus fioint (jrrthjrii Blai kbou'n of the 
UiiM-ei'iilv, of SiTfili hclyde rnadc^ an analogy 
between die Bang and d stedy of a game of 
poi il Wiiii lung the balls move ayross the table, 
any lompeteni physicist toiild work out which 
hall had hi'eii stmik by thi* i uc. how haid, and 
in wiiiit diieetion, inoidei to explain the various 
hiimjnng-s and Kingings going op on the table 
Biji "this VlU us nothing of how the balls and 
latile got there in the first place, whs the fable 
lo|) I*- blue .i;id the balls of different colors, and 
whii (** IS hrildiiK) the ruc^'" Physics doesn't 
attempi In .iiiswer these (|uestions. hut they are 
still there lo pu/j'le us 


I w er/i/ed frnm Spieew.irps by John Gnhbin 
Penquin' BrjoAcs * 'f 05 DisfnhotPd in 

India hv Pcnqnin Oi erseus / id 
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ROOTS OF GENIUS 


% E KNEW that he had only 24 
hours left to live At 21 vcarsold, 
/i what could he leave Ivhind tc'»r 
^ people to remernbet him bv*^ As 

a person who had stioii^ Ixdiefs- Evariste 
Galois had no doubts He isolated himself 
and wrote on llie t lie me close'll to his 
heart highei algebra He wrote out what 
is now known as Group Theory--an 
algebraic innovtitii'in which iJeirneates all 
fields ol mathematics and is now one of the 
most important branches of alcje^iia 
Evariste Gakus was born on October 25, 
1811, at Bour g la Reine near Par is Though 
he entered school at the age of twelve, bv 
his nineteenth veai, he had produced 
original works fin the theory ot imaginaries 
(now calked ‘(lalois imaginaries’ which are 
of great importance in algebra), the theory 
of algcbrau equations and the algebraic 
treatment of elliptic functions Me is the 
creator of one of the most beautiful 
branches of mathematics called ‘Group 
Theory’ It finds applications in phvsu s, 
chemistry, biology and the sot lal sciences 
But the life of this great rnathem.iticiari 
was very sad - plciai!t»d by mental aejonv 
disappointment. dei**ction and tyranny 
Lack of enrouragemeni did not deter 
young Galois from contributing his might 


to the world of mathematics until the night 
before his death 

“Although there is no record of any 
mathematical talent on either side of 
Galois’s family parents or forefathers, his 
own mathematical genius came like an 
ex|)losion at early adolescence" says E T 
Bell in Men nf Mathematics 

The college Royal de Louis-le-Grand in 
Pans, which G^Jols entered in 1823, was 
like a prison It was the time of the FVench 
Revolution Galois’s mother, Adelaide Mane 
Demante, belonged to a family of distmgui 
shed lurists She tutored him until the age 
of twelve and he was an eager student, but 
what disgusted him was that he was forced 
to learn literature, classics. Latin and 
(ireek as niajur subjects and mathematics 
as a miiwr subject Young Galois decideti 
to pursue his interest in mathematics on 
his own 

He started with Legendre’s geometry 
At the age of thirteen he not c»nly read the 
hook from cover to cover but mastered it 
too within a couple of weeks Bovs of his 
age normally took two years to do the 
same The boy then went on trithe algebra 
of the greatest master of his time, namely 
Lagrange and thereafter to Abel (Lrigrange 
veas called “the lofty [lyramid of the 


mathematical sciences" by no less a 
person than Napoleon Bonaparte and 
Abel was said to have left mathematiciaiis 
sufficient material to keep them busy for at 
least 500 years ) 

Galois had the habit of solving even 
complicated problems entirely in his head, 
writing down only minimum details This 
habit went against passing examinations 
In the beginning, his teachers de,scribed 
him as very gentle and innocent but agreeci 
that there was something strange about 
him Later on, all the teachers declared in 
one voice that “Galois is lx*yond salvation, 
conceited, has an insufferable affec fat ion ol 
cingmality" They advised his paients to 
admit him to a school where he would be 
taught only mathematus 

At the age of sixteen Galois was already 
treading the jiathof mathematical discovery 
Eioth he and Sadi Carnot (the father of 
ihcrmodynamiCxS) were refused admission 
to the Rcole Polytechnique, which was the 
best centre for mathematics in the world at 
th<\t time The official reason being that he 
failed in the entrance examination 7'his 
happened because there was no one to 
recognise his mathematicdl ability Other 
sounes buggk'sl that he was refused 
admission on political grounds 


SOLVING BY DEGREES 


T O APPRECIATE the relevance t^f 
Galois’s work, it is necessary to 
understand the background against 
which it was made Though algebia 
was known smcc antiquity, till Galois’s 
day, matherndiicians used explicit 
foimulas for the solution of equations 
The solution of the sec ond deqiec or 
quadratic equation goes back to 
ancient times During the Renaissance, 
the third degree (cubic) and se< ond 
degree (quartic) equations weie dis¬ 
covered by Niccolo Tartaglid and 
Ludvu'o Ecrrari respectively In 1545, 
C^erolamo Cardano, an Italian physi¬ 
cian. published formulae for their 
solution, but the fifth degree (quintic) 
and higher order equations defeated 
mathematicians of the 17th and 18th 
centuries Until the time of Paolo 
Rutfini, an Italian, and Neils Henrik Abel, 
a Norwegian They were responsible 
for the Abel'Ruffini theorem It states 
that the general algebraic equation of 
degrees higher than four cannot be 

.. lias 


solved by radicals 

Galois was independently working 
on similar lines and was unaware of 
Abel’s work at the time This was 
fortunate because Galois then a mere 
16-yea r-old had already launched 
himself on a much more ambitious 
project He sought by what is now 
called the Galois or Group Theory, a 
deeper understanding of the criteria an 
equation must fiilhl if it is to be solvable 
by radicals His method was to analyse 
the ‘admissible’ pei mutations (a change 
in an ordered arrangement) of the roots 
of the equation The se* of “admissible" 
permutations is called the Galois rocjt 
of the equation It measures what might 
be called the algebraic symmetries that 
the roots possess In today's lermino- 
Ic^gy, Galois formed the “group" of 
automorphisms (a particular kind of 
transformation) of the “field” obtained 
by adjoining the roots of (he equation 
This “group” is known as the Galois 
group. The “field" referred to is an 


algebraic system now known as the 
Galois or root field Galois's ingenious 
discovery was that an equation of the 
fifth or higher degree is solvable by 
radicals if and only if the group of 
automorphisms can be broken down 
into prime-order constituents (prime 
numbers are positive numbers greater 
than one, divisible only by themselves 
and one) that always have an easily 
understood structure His work came 
to.be called the Galois Theory, which 
essentially is the study of the Galois 
fields and the Galois group corres¬ 
ponding to the polynomial He per 
ceived that solving quintic and higher 
order equations required an approach 
wholly different from that required for 
(he quadratic, cubic and quartic 
On the eve of his death, Galois 
tabulated his work in the form of a letter 
to his friend Auguste Chevalier His 
distracted notes bore hints that he had 
begun to develop the theory of 
algebraic functions, the full develop¬ 
ment of which was achieved 40 years 
later by the German mathematician 
Bernhard Riemann 

Gillian Valladaras 
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At the age of sixteen, Galois was already treading the 
path of mathematical discovery. Lack of encouragement 
did not deter him from contributing his mite to the 
world of mathematics, till his death at 21 



J5(p follovA/ing year was a notable one in 
the life of Galois He met Louis Paul 
Richard, a teacher of advanced rnathe 
matics, who understood the boy’s 
inathematical prowess With Richard’s 
help he was able to publish his first paper 
on’t ontiniied fractions’in 1829 Dunngthe 
same year Cauchy (a great name in the 
m<ithematical world) took notice of this 
papei With the hc^pe of get ting i ecognition, 
Cacilois sent all his original works to Cauchy 
fc>r submission to the Academy of 
Sciences Unfortunately for him, Cauchy 
promised to submit the papers but actually 
foigc3t to do so This was the biggest 
disaster that overti>ok the mathematical 
prodigy who began drveloTJing a hatred 


towards all academicians and the entire 
society in which he was forced to live He 
began to develop an interest in politics and 
began opposing the policies of the 
government 

Galois made a second and final attempt 
to enter the Polylechnique but this also 
proved abortive He joined the Lcole 
Normale Sii|)erieure (as a teachet candi 
date) instead, at the age of nineteen but his 
only interest was mathematics He started 
working on his own and prepared thiec 
papei s on algebraic equations and sub 
mitted them to the Academy of Science^ 
This time his paj.iers were misplaced by 
Jean Baptiste Fourier and lost In a third 
and last at tempi to gain recognition he 
submitted a collection of papers on the 
general solution of equations (now called 
the Galois Theory) tcj the Academy 
Simeon Denis Poisson, a great physicist 
and an applied mathematician, was asked 
to be the referee He rejected the papers 
saying that they were “incomprehensible’ 
(the papers were actually too abstrac t and 


advanced for Poisson to ccjirifirehend) 

Having lost all hopes of encouragement, 
a completely dejected Galois dt»cided to 
devcife all his time to politics as a young 
‘revcjlutionary’ He was considered‘danger¬ 
ous’ by the rulers and expelled from his 
sc h(Mil F.cole Normale Superieure He was 
also arrested several times While in prison 
his passion for mathematical discovc^ry 
came to the fore again He worked out 
some more lesults on the* theory of 
equations 

On May Jl. 1832, when he Wiis 21 years 
old, he was c hallenged to a duel The 
circumstances that led to his death were 
nev/c»r fully explained 

The duel look place as scheduled and 
the result was as expected Young Galois 
was shot in the intestine He died next 
morning in a hospital His manuscripts 
were published in 1846, but his Group 
Theory will keep mathematicians busy for 
years to come 

S Sundararaj 

S Sur)Jararc]/ i.s a e si irm c u rifcw 



Prof. Yash Pal, 
Secretary, DST 

P ROFESSOR Yash Pal has Ix^en 
appointed the Secretary, Department 
of Science and Technology, Government 
»f India Farlicr, he was tht^ chief 
L'lnsullanl Icj i he Planning Commission He 
Jiis also Direc lor, Space Applications 
aentre, Ahmedahad (1973-81), Prf)fessor 
at the Tata Institute of F undamental 
Rc^scarch, Bombay, and Sc^cretary- 
(leneral, UNISPACF. 82 

Prof Yash Pal is well known for his 
t ontributions in the field of cosmic 
radiation The steady state cosmic ray 
piopagahon model, dlsc3 known as the 



'leaky box model’ is due to him His 
contributions to high-energy physics are 
very significant 

Prof. U.R. Rao, 
Chairman, 

Space Commission 

P ROFESSOR U R Rao, Diiector of 
the Indian Space Research Organi 
sation (1SF<C)I Satellite Centre, Bangalore, 
has U'en appointed Chairman of the 
Space Commission 

Prqf Rao is one of the leading space 
scientists in the world He has been 
responsible tor the development nl satellite 
technology in India and led the teani whic.h 
has been resjwnsil»le for the clevelo|)menr 
and launching of six satellites including 
Aryat)hata, APPI E, Bhaskaia and the 
Rohini series of satellites 
His lesearchusmgground basedcosinic 
ray experiments find later with the pi(jnc*er 
senes of deep space probes and explorer 
satellites have contributed significantly to 
the understanding of interplanetary physic s 
and solar flare phenomena 

He initiated and carried out X-ray 
astronomy experiments which have 



provided a new insight into the physical 
mef hanism of X-ray I'lrcxlucticjn in X ray 
stars 


Meghnad Saha Medal 

D r Raja Kamanna, Chairman of the 
Atomu Energy Commission and 
Secretary in the Department of Atomic 
Er'crgy Fi.is been awarded the Meghnad 
Saha Mc*dal for 1984 by the Indian Nfitional 
Science Academy MNSAi fen his contrihu 
tions in the field of nuclear physu s 

The INSA has also announec^d that the 
GoldcMi Jubilee Biren Roy Trust fe!lowshi[) 
would he awarded to I3r Bhaskar Diitta, a 
fellow in the Bangalore based Indian 
Institute of Astrophysics, for fiis out 
standing cc^ntnbutions in the field 
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T he duty of a manager, m an 
organisation, is to ensure its 
efficient and bmooth function¬ 
ing, by way of allocating re¬ 
sources and facilities in a way that they 
arc optimally utilised A manager's job, 
in short, is to gc't other people do 
theirs in the best possible manner 
Likewise, a computer too has a 
manager to control and coordinate its 
various activities The computer 
manager is called its operating system 
(os) It IS nothing but a special 
program whose job is to manage other 
programs The OS monitors the 
working of each program and allocates 
the computer's resources in a way that 
optimises their use It provides for 
convenient and reliable use of the 
system to the users Without it, the 
computer is as good as a car minus its 
steering system The OS, being so 
crucial to the use of a computer, is 
always supplied along with the unit 
The power and usage.of computers 
have increased enormously over the 
years, requiring operating systems to 
tackle increasingly complex manage 
ment tasks. We can say that these are 
among the most sophisticated and 
complex programs designed today In 
the follo\A/ing we see what they can do, 
not bothering about how 
The first operating systems to be 
created can be traced to the days of 
punched ca'^ds The program and the 
data needed weic fed to the computer 
as j bunch of cards, then Typically, 
the cards were collected by an 
operator and queued up on the card 
reader for execution, cme by one 
Those were the days when many 
programmers shared the few existing 
machines and computing was much 
mine expensive* 

The job of the opei ating system was 
simple enough here It read one 
program at a time from the cards into 
memory (a computer, it should be 
lecalled, has a central proc essing unit 
(CPU) which reads the program stored 
in the memory and executes it 
instruction by intruction) This opera¬ 
tion IS called loading the program 
Once loaded, the execution would 
start When the program was comp 



leted or ran into error the OS loaded 
the next program Thus, the main task 
of the OS was to Sequence, auto¬ 
matically, the programs The situation 
here is very much as at a railway ticket 
counter with programs instead of 
people and the OS replacing the clerk 
We call this system a simple batch OS 
Loading a program into memory is 
not as easy as it sounds The OS 
already present in the memory has to 
load another program into it The 
problem was solved by providing a 
separate memory for the operating 
system which was inaccessible to the 
user program Hence, the OS could 
run continuously, even if there were 
errors in the user programs The 
interesting question is, how OS itself is 


anager 

addition or division How much timi- 
does It take for the card reader to read 
a card? Being an electromechanical 
device, for each card it takes nearly 
100 milliseconds (a millisecond is a 
thousandth of a second) It is a long 
time indeed for the central processing 
unit or CPU It could have carried'out 
nearly 10,000 operations in this time 
But CPU has to wait for each card to 
be read before it can act In such a 
case the program is said to be blocked 
on input A program which gets 
blocked frequently as here (nearly a 
thousand times) is said to be inputs 
output bound 

In general, all input/output (i/o) 
devices such as card readers, magnetic- 
tape units and magnetic disk units are 
electromechanical devices which tend 
to block programs. Whenever this 
happens, the computer sits idle and 
there is a wastage of precious"^ 
computer time 

Buffering 

The solution to this problem is two 


loaded This is done with the help of fold The operating system could ask 



Fig 1 Sc/iemalic of a mulfiprogrammed operating system 


instructions permanently inscribed in 
the memory 

A major concern of the early OS 
designers was the efficient use of 
computers Unfortunately, the simple 
batch system proved to be the most 
inefficient way of using them To 
illustrate this point, let us consider a 
simjjle prograni to find the average 
of a thousand numbers The card 
reader reads the number and the CPU 
then goes on to do the necessary 


the card reader to read the card much 
before the program sends a request 
for it This data could be held in a 
special part of the memory called 
buffer In this read ahead technique, 
when the program needs the data it 
requests the OS for it. The program 
does not get blocked, usually, as the 
data IS already in the memory A 
similar technique applies to th^ 
printer, an output device In practice, 
the OS can maintain a number of 
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buffers, increasing the efficiency of 
computing 

The careful reader would have 
noticed that all i/o devices are now 
controlled by the OS, rendering these 
independent of the program Such 
svs\ems are said to be asynchronous 

rfhe program The user program is 
not allowed to control the i/o devices 
directly It issues special calls provided 
for this purpose, the system calls 
READ and WRITE instructions we saw 
earlier will be translated into system 
calls Controlling an i/o device is a 
complex operation, and it is much 
easier to use a system call for 
the programmer 

In spite of buffering, the program 
could get blocked if data were needed 
very frequently There is a limit on how 
fast the read-ahead could supply the 
data Although, now the idle time is 
much less than before, the efficiency is 
not high enough, especially with i/o 
bound programs This drawback 
motivated another change in the OS 

Switching between programs 

This improvement in the OS design 
was made when it could function as a 
switch between programs Many 
programs were now held in the 
memory simultaneously and when one 
program was blocked the OS would 
switch anoiher program to the CPU 
"pus technique is known as multi 
!^;ogramming(F ig 1) At any time only 
one of the programs held by the 
memory is being executed Other 
programs arc either ‘ready’ and 
waiting for the CPU or ‘blocked’ at 
some system call. The OS records the 
conditions for which the programs arc 
blocked (program PAYROl I may be 
blocked because it is waning for the 
input of the next record from the 
MASTER file) Whenever the required 
conditions arc met, the OS unblocks 
the program and makes it ready All 
this book-keeping by the OS regarding 
the state of a program is termed 
process management and is one of the 
.main tasks of the OS The life cycle of a 
program in such an operating system 
IS shown in figure 2. 

In addition, the OS keeps track of 



'■■■■ r 
Fig 2 


the free portions of the memory and 
the parts occupied by each program 
On completion of a program,the OS 
releases the memory space it had 
occupied Whenever enough memory 
is available, a new program is loaded, 
automatically 

By now, the OS has taken over tliesc- 
mam functions 

* i/o device management 

* Buffer management 

* Process management 

* Memory management 

Fig 3 Life cycle of a program in a multi^ 
programmed batch OS with swapping 


Swapping 

Computer memory is not unlimited 
Even in a multiprogramming batch OS. 
It can happen that all programs m the 
memory get blocked and CPU is forced 
to idle 

A very ingenious solution has been 
found to this problem Most computers 
are equipped with magnetic disk units 
which can store large amounts of 
information, of the order of 200 million 
bytes Further, the information trans¬ 
fer from a disk to the memory can be 
made at a reasonably high speed 
Once given a command to transfer 
information, the disk can do it without 
the help of CPU This important 
characteristic of the disk leaves the 
CPU free to execute programs and the 
disk IS said to be in direct memory 
access mode 

The OS can now keep most 
programs on disk instead of in 
memory ^fewready programs stay in 
memory and the CPU is allocated to 
them as before No sooner a program 
gets blocked, it is transferred to the 
disk and a new program loaded into its 
place This operation is called 
swapping 

With swapping, a multiprogrammed 
batch OS can keep many programs 
active simultaneously Even as swap¬ 
ping goes on C PU is free to execute 
some other program in the memory In 
such systems programs migrate to the 
memory for execution and return to 
the disk, if blocked, for hybernating 
The memory space is no longer locked 
up by the blocked programs Figure 3 
illustrates this schematically 
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These devclopnienls in the OS 
greatly helped towards the efficient 
use of computer resources Meanwhile, 
a new mode of using the computer 
came into practice requiring further 
changes in the OS 

Time- sharing 

In the mid sixties, computers were 
equipped with teletypewriters (TTY\) 
and later with terminals A terminal is 
an I/O device, with a typewriter-like 
keyboard and television-like screen for 
displaying the results Now a user 
could communicate directly with the 
computer Interactive programs allow 
the user to carry out a dialogue with 
the computer even while the program 
is getting executed Interaction facili 
ties were provided for the user to 
monitor and control the execution of 
the program 

In interactive programming it is 
necessary that the computer respond 
to the user’s queries within a short 
time ' Multiprogrammed-batch sys 
terns are unsatisfactory in this respect 
They are designed with the efficient 
use of computer in mind Hence they 
permit a program to use the CPU for 
any length of time unless the program 
gets blocked When this is the case, 
other interactive programs are denied 
the access to CPU which is disastrous 
A user would be kept waiting too long 
for a response from the ccjmputer 
Hence, it is best if the CPU could be 
shared among the different users 
irrespective of the nature of the 
programs To realise this a clock was 
add('d to the computer system The 
clock sent signals to the (3S at a 
regular interval (typically 20 to 100 
milliseconds) On each clock signal 
the OS would take away the CPU from 
the executing program and allocate it 
to the next. In Figure 1, imagine the 
switch to be equipped with a clock 
Fverytime the clock signal is leceivcd. 
the switch makes a different connect- 
][; ion Wesay that the CPU IS time shared 
between programs The operating 
system with this feature is called time¬ 
sharing OS 

This scheme provides more or less 
equal time to each user. If there are 20 


programs in memory and the clock 
signal is every 100 milliseconds, all 
programs will be attended to every 2 
seconds Hence the response time of 
an interactive program does not 
deteriorate due to other programs 
(Fiq 4) 

Virtual memory 

So far, we have assumed that the 
entire program must be loaded in the 
memory for its execution l.ogically, 
this condition can be relaxed The CPU 
can execute only one instruction at a 
time. Hence at any instant only one 
instruciion of the program needs to be 
in memory, the rest may be even on 
disk However, it is quite impractical 
to bring each instruction from disk to 
memory when needed So an inter¬ 
mediate approach is adopted 

Let us explain how such a system 
works by an analogy Banks maintain 
their clients’accoLints in ledgers, each 
ledger contains a few accounts The 
accountant, who has a limited desk- 
space, keeps only a few ledgers on his 
desk Other ledgers are kept in a 
‘library* An attendant brings ledgers 
from the library when needed and 
returns them back to the library when 
not in use This prevents the account¬ 
ant’s desk from getting cluttered The 
same technique is used in operating 
systems too The program is divided 
into small parts called pages Typically, 
each page contains about 1000 instru¬ 
ctions Only a few currently active 
pages of the program arc kept in the 


memory The rest of the pages arc 
kept on the disk. 

The CPU executes the program 
instructions as before. Most of these 
instructions and data are available 
within the pages present in the 
memory However, occasionally, the 
CPU refers to an instruction or data 
word contained in a page not present 
in the memory. We say that a page 
fault has occurred Whenever a page- 
fault occurs, the CPU requests the 
operating system to fetch that page 
from the disk The program gets 
blocked The OS first writes back one 
of the pages in memory onto the disk 
This creates some free space in the 
memory The required page is brought- 
into this free space from the disk Note 
that this IS just the swapping operation 
carried out in units of pages 
(compared to swapping whole pro- ^ 
grams in the earlier design) Once the 
required page becomes available in 
the memory, the OS unblocks the 
program to a ready state (Fig 5) 

The advantage of such a scheme is 
that the program can be much larger 
than the actual memory This is 
because only a part of the program is 
in the memory at a time It is not 
uncommon to find programs 4 million 
words long being executed on a 
computer with memory size of 1/4 
million words The operating system 
may have upto 16 such program.s , 
active simultaneously This means * 
that on an average only l/256th of a 
program is in the memory at a time! 



Fig. 4 Life cycle of a program is identical to figure 3 but with the additional arc, 
shown in bold. 
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With such a memory mauagement 
scheme, the user program can assume 
that If IS using a computer with a very 
laige memory The fact that his 
program is executed by the operating 
system on a computer with much 
smaller memory is completely hidden 
I. .;Jktbe user program and docs not 
its working at all* So we say that 
the operating system provides the 
user with uirtual memory 
In fact we can go further The fat t 
that a single computer is time-shared 
between many user progranis 
Simultaneously is also hidden from the 
user program and does not affect its 
working A user program can assume 
that It IS executing alone t3n its own 
computer We say that the OS provides 
each user with a private uirtual 
I orripu/er, whit h has a large virtual 
memory It also has many ‘ virtual ’ 
instructions not directly available on 
the actual computer, such as RFAI). 
whic h aie implemented as system 
I'alls With all these facilities the virtual 
L{3mputer is far superior to the actual 
(omputer The main challenge of 
operating system design is to provide a 
grj(Kl virtual computer to c'ach user 
and to implement different users’ 
virtual computers on a single physical 
computer efficiently A good example 
of such an Ob prr)vidcd facility is the 
' le system 


Je management 

^ A computer user has normally a 
wide repertoire of prr'grams The user 
identifies his files by appropriate 
names, eg LbTlhR TFX7, PAYROLI 
DATA etc The user organises his files 
'»n the computer very much as it is 
done in an office Files in an office are 
I lassificd and the related files are tied 
lip in bundles The related bundles are 
kept in the same cabinet A computer 
user collects his related files into 
groups called directnrip^ Directories 
can themselves be grouped into larger 
directories 

Files are stored on disks One disk 
usually stores files belonging to many 
^ferent users The file system is the 
component of the operating systeni 
that manages the files and directories 



Fin 5 Ijfe c \fcle of a program in a time-sharinq operaiinq system with virtual 
memorv The proqram is bUn ked nn a paqe fault 


of all users The file system keeps a 
record of the free space on ihe disk 
and allocates storagcf space to a new 
file when it is created It also provides 
system calls to read or write records in 
a file It ensures that such a read or 
write operaticjn su( c'ecds only if the 
user has the necessary permission to 
carry out this operation 

In accordance with their new 
function of making the computer easy 
to use OS provides several pre^grams 
to the user L-DITOR an mteracrive 
program that allows a user to write 
information into a file and COMMAND 
HANDLER which accepts commands 
from the user and carries them (3ut, 
are Iwcj examples These system 
utilities are frequently used by all 
programmers in developing and using 
their programs 

New trends 

A time sharing operating svstem, as 
we saw, distributes the CPU among the 
many programs However, if the 
number of prcjgrams is very large the 
CPU IS granted to each program at long 
intervals When this happens we say 
that the OS is overloaded 

Suppose there are SO ust*rs and a 
respons*' is rec^uired every 2 seconds 
The cicjck signal must then he at 
every 4 milliseconds But in this time 
very little computation can be done 
Progr^mis do progress hut rather 
slowlv^ To ovcTCome this problem, 
computers with more •than one c'PU 
(but only one memory) have br’fMi 
designed Sue h jiioc essors are callc*d 
multiptocussors Onamiiltiproc ess(3i, 
the iime-sharing OS can allocate the 
CP*Us to many programs simultan 
eccjsly Bf.lh the response arid the 
speed of execution improve 
greatly as each program receives the 
CPU more frequently A multiprores 
sor OS can be compared tt»a system of 
switches 

With all this increase in complexity. 


the operating systems became very 
difficult to dc»sign It took years to 
produce an operating system for a 
new ccjmpiiter F'urther, the reliability 
of the operating system was Icjw Most 
of them contained eriors which were 
detected only after years of use In 
short, they started showiiig tendencies 
of becoming white eleiihants 

Meanwhile, with advanc es in elec 
Tronic technology, the cost of com- 
pulers came down drastically and 
their speed increased significantly It is 
nc3W feasible to provide eac h user with 
a personal computer Peisonal com 
puters offer many advantages over a 
time shared computer, they support 
extremely ,powerful utilities with 
sophisticated interac lion methods, 
their operating systems are consider¬ 
ably simpler and so on 

Perscjnal computer suffers from a 
serious disadvantage, however It is 
mean! for a single user. and hc'iu oc^ne 
cannot access the filc^^ and pn>qrams 
of other users Thi** problem is so!vc*ci 
if a number of them are i onnected to 
each other with data carrying links 
Ttiese connections may be lelcf'hone 
lines, satellite ch.innels, cjr even plain 
Wiles depending on the distance and 
amount of data transfci Such net 
wufks with computers sccjttered al 
dific'rent geogra[)hic lo. ^itions are 
( oming use 

Manacrmg a network of comtuiters 
to make thc-m |)erfcirm their t.isks 
cooper.itively is incit^ed a difficult task 
the i)roblein is c nmpoundc^d by Ihe 
fac't that messages sent get coirupjled 
in transit or c*ven get lost because of 
the unrc'liabihiv, of data links Network 
operating systems are an active* field of 
Tesc>arc-h today □ 


Thv imthots an insilmij scienri«<rs at the 
Nnlinnal Centre for Sottwotenvuelt)pmentand 
Ciimputmq* leihniques (NCSDCT), Tula 
fnslil'ite of Fundumentul Rpst'tirr/i, /^orntxic 
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D epression, d modern term for 
melancholia, is a common 
mood (affective) disorder 
with a long ancestry The 
others in this group of disorders are 
mama and anxiety neurosis 
Among the victims of depression 
are the characters from the Indian 
epics- -Arjuna, Dasaratha and Rama 
Monarchs, presidents, prime ministers, 
artists, poets, creative thinkers and 
scientists have ato had their share of 
depression. Economic and social 
status confer little protection against 
the illness King George III of England, 
Lincoln, Roosevelt, Churchill, Van 
Gough, Darwin, Goethe, Tolstoy, 
Virginia Woolf arc a few in the roster 
among others from their respective 
spheres The anatomy of melanc ho/y 
IS an autobiographical account of the 
depressive illness of Robert Burton 
The celebrated passage of John 
Donne suggests as to how he wished 
to fight the anguish “No man is an 
island, entire of ifself. every man is a 
piece of the continent, a part of the 
mam any man’s death diminishes 
me, because I am involved in mankind; 
and therefore never tend to know for 
whom the bell lolls, it tolls for thee” 
Similarly, Vincent Van Gough “pre¬ 
ferred a melancholy that aspires and 
searches, to a melancholy that is 
stagnant and mournful and leads to 
desperation ” 

Claimed once to be exclusively 
confined t(j the inhabitants of the 
Britjsh Isles, depiession or the‘English 


Clinical 


spleen’ as it was known earlier, is now 
world wide in its spread. Nearly 100 
million people in the world suffer from 
depression each year. It is a diagnosis 
that recurs at every level of clinical 
experience and yet escapes detection 
by the public and also by the 
professionals Those suffering from 
depression, who contact doctors, 
form the visible part of the iceberg. 
Many are unaware of their illness and 
they attribute it to the ‘problems of 
living’ which are not to be mistaken for 
an ailment Hence, much of the 


depression in the community remains 
hidden leading to a lot of avoidable 
morbidity 

A study from Chandigarh indicates 
that nearly 20 per cent of patients seen 
in general medical practice suffer from 
depressive symptoms with or without 
any physical illness. Five per cetfit ot 
patients suffer from depression alone 
There are indications that the next few 
years will witness an enormous 
number of depressed people owing io 
causes generated by our times The* 
life expectancy has increased all over 



Depression 
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Depression in women 


S evere depression and/or anxiety of 
comparable severity is more 
common in women and workins class 
people This was established by George 
W. Brown and Tirril Harris, Bedford 
College, London in 1978 They selected 
about 458 women randomly and asked 
each to narrate the stressful events— 
“life events” over the preceding year 
About 8 per cent of this group had 
onsets of depression during the prece¬ 
ding year while 9 per cent of those 
interviewed had chronic depression 
Initially it was difficult to explain why 
some women became dcprc,ss(*d when 
they suffered a serious adversity while 
four-fifths of those suffering from an 
equally severe blow did not However, 
on further research, Brown and Harris 
found a series of factors which was 
distinctly different from events and 
difficulties, now called as "vulner¬ 
ability” fcicfors A vulnerability (V) factor 
does, not induce depression on its own 


A common V-factor they discovered 
was an absence of an intimate 
relationship with either husband or 
lover. 

The V-factors responsible for causing 
depression are different in our country. 
These factors mostly depend on the 
society and the environment we live in, 
factors like having to look after more 
than three children, bereavements, 
broken-marriages, infertility, living in 
overcrowded areas, or having to cope 
with a drunken and violent husband can 
be a few of the known causes of onset of 
depression in women. 

A woman usually is said to have a 
period of depression after pregnancy 
and child birth Also, premenstrual 
tension is avcompamed by a wave of 
depression which passes off soon 
Indian women, however, do not get 
depressed easily, as their male counter 
parts 

P.R.S. 


the world, including in the developing 
countries bringing in its tram a larger 
number of people who are vulnerable 
to mood disorders 
In a Mental Health survey carried 
out recently near Madurai, depressive 
illness was found to affect 60 persons 
"^housand among those aged sixty 
aha above With the added years to 
life, the elderly also run the risk of 
diseases of the heart and circulation, 
brain and nerves and of the collagen 
tissue Twenty per cent of the people- 
affected by these diseases are known 
to .suffer from depression 
The drugs which are used to treat 
high blood pressure, and psychotropic 
agents which arc used for mental 
illness like tranquillisers, barbiturates, 
and hormonal preparations such as 
ACTH (adrenocorticotropin hormone), 
cortisone and contraceptive pills lend 
to induce‘iatrogenic’(doctor-induced) 
depression There has been an in 
creasing use of these depressogenic 
drugs over the years The fast 
disappearance of the protective influ¬ 
ence of the family and social support, a 
sense of ‘anomic*, a dessication of 
values, a mode of living bereft of 
ethics, and a state of ‘existential 
despair*, though not necessarily pecu 
liar to our age, have contributed to 
augment the numbers depressed 
This affective disorder, depression, 
. ^ familial, i e , clo.se relatives of those 
^%ith illness are more likely to suffer 
than the unrelated ones Studies m 
twins suggest that a genetic factor is 
responsible for the illness, since 65 per 
cent of monozygotic twins (iderftical) 
and 14 per cent of the dizygotics (non- 
identical) are prone to the illness 
Adoption and family studies have lent 
support to the genetic contribution 
The exact mode of transmission is yet 
to be determined though a recent study 
indicates a Duarte protein linked with 
HLA (human lymphocyte antigen) gene 
to be involved Examples of the familial 
occurrence are that of Mary 
Woolstonecraft, mother-in-law of the 
poet Shelly and the family of Ernest 
Hemmingway. 

Chemistry of depression 
Biochemical reseat ches have shown 


that tne illness is related to an 
abnormal chemistry of the nervous 
system According to the prevailing 
biogenic amine (chemicals present in 
brain) hypothesis, the functioning 
level of monoamines (serotonin, 
norepinephrine) at the central synaptic 
receptors, where a nervous impulse 
passes from one neuron to I he other 
determines the occurrence of affective 
illness—excess of it causing mania and 
its deficiency leading to depression 
What causes these changes in the 
amine levels remains unknown Anti 
depressant drugs of tricyclic and 
tetracyclic class and MAO (mono 
amine oxidase) inhibitors are known 
to adjust the level, bringing an 
improvement With oroper precau 
tions, these can be administered even 
in the community by general practi¬ 
tioners and trained health personnel 
The other suspected biological faults 
involve endoenne dysfunction and 
electrolyte changes 
Apart from the low levels of biogenic 
amines in depression, certain 
neurophysiological findings hav^e also 
been recorded A dysfunction in the 
hypothalamus and the limbic system, 
that control moods, is known to 
occur. The neiirotransmittcr function 
in these areas of the brain may be 
affected due to the low levels of 
biogenic amines. The neurophysio¬ 
logic basis of depressive illness is yet to 
be clearly worked out 

The use of lithium in psychiatry 
was introduced by Dr John Cade of 


Australia in the late 1940s but its 
action IS not exactly known Several 
mechanisms underlying its effects 
have characterised the illness Its action 
on the cell membrane affecting the 
transport of sodium and potassium 
whose distribution within and without 
the cells is abnormal in the disease has 
been indicated Lithium is also known 
to affect adenyl cyclase in the 
synthesis of ATP, the second mes¬ 
senger m neurotransmission It has 
also been speculated that lithium sets 
right the abnormal biological clock 
that underlies Manic Depressive 
Psychosis (MDP) 

l.ithium has ushered in a new 
chemical revolution m the manage¬ 
ment of depressive illness It is unique 
in preventing relapses, and is a major 
discovery in mental therapeutics. 

The metallic drug, however, should 
be used with caution and only by those 
who are familiar with it During ihe last 
eight years the lithium clinic m our 
department has proved the drugs 
manifold benefits to the depressed 
The relapses have been effectively 
aver led in many and in cases 
where reUijises lecurred, these were 
mild and brief 

The most interesting observation 
has been the total absence of suicidal 
tendencies in lithium treated subjects 
Here is an instance of chemo¬ 
prophylaxis (prevention of disease 
using chemical agents) for self- 
destructive behaviours Lithium is 
indisjpensible in a modern suicide 
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The next few years will witness an enormous 
number of depressed people owing to causes 
generated by our times 


prevention clinic The English workers 
have reported that one-fifth of the 
number of suicides out of depression 
are preventable using lithium. 

Signs and symptoms 

Depression generally sets in 
suddenly as if out of the blue. There 
are others who are unable to tell the 
beginnings of the disease as its onset is 
insidious The symptoms may be mild 
or severe, illness lasting for a few 
weeks to a few years Recurrences 
occur in many There may be a 
triggenng incident in the form of a 
‘loss'; like the loss of one's child or a 
spouse, fortune, of health by a serious 
illness, of the job by retirement or 
dismissal or of a home due to 
migration. 

A psychological or a spiritual crisis, 
or damage to one’s self-esteem may be 
operative m others Depression is 
common in the* inmates of penal 
institutions—prison blues Depression, 
occurring in response to a stress, is 
called ‘reactive depression’ Its course 
is mild and clears up in a few weeks In 
practice it is difficult to assess stress - 
“What is a great stress for one may be 
' shrug of the shoulder for the other” 
The individual is overcome by a lack of 
feeling of joy, interests and initiative 
Bemoaning the change that crept over 
him during the years, Charles Darwin 
said “In one respect my mind has 
changed now for many years, I 
cannot endure to read a line of 
poetry I havp lost also taste for 
pictures or music The loss of these 
means loss of happiness ” There is a 
gradual withdrawal from one's social 
relationships and from occupational 
field An inability to participate in the 
family affairs, indecision, prcxrrasti- 
nation and inaction are common 
Many remain housebound 

Slow thinking, defective concentra 
tion and poor ideas are inaugural 
symptoms Some proceed to mutism 
A lack of confidence', a sense of 
hKjpcIessncss. helplessness aiiil desprtir 
may be overwhelming Pessimism is 
the tune of depressive orchestra The 
person feels insecure, expresses guilt 
and blames himself over imaginary or 
real acts of omissions and commissions 
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A feeling of uselessness, of being a 
burden to the family and to the world 
pervades He desires punishment 
either from himself or others. In this 
frame of mind the patient may even 
refuse treatment believing in its futility. 
Ideas of suicide overtake him and in 
spite of his attempts to circumvent 
them, he may succumb. “The thoughts 
of suicide came to me as naturally as 
thoughts of improving life had come to 
me formerly This thought was so 
tempting that I had to use guile against 
myself so as not to bring it to fulfilment 
too hastily” wrote Tolstoy. The patient 
convinces himself that his life has been 
a grand failure. “I have achieved a 
great deal but I have achieved nothing 
in the end” lamented Winston 
Churchill in one of his spells of the 
“black dog”. To the depressives, time 
passes but slowly “A day is a 
millennium” is a common complaint 
In many, the illness is marked by an 
assortment of bodily symptoms which 
takes them to the non-psychiatric 
physic lans Persistent sleeplessness, 
vague or even severe aches, pain m 
the body - head, neck, chest, 
abdomen-not attributable to any 
physical disease or responding to 
treatment, are common 

An inexjDlainable loss of strength, a 
gradual loss of appetite, with no taste 
for food and dyspepsia leading to loss 
of weight, a decline in sexual interest, a 
persistent constipation prove trouble¬ 
some These physical symptoms, 
without a frank depressed mood 
constitute “masked depression” Many 
go through unnecessary investigations 
and surgical procedures In others, 
fears and agitation may be disturbing 
In a typical de^fi'essive, the lack-lustre 
complexion and the face reflects the 
inner gloom A few resort to alcohol to 
lift themselves out of depression 
Others take to sleeping, exercise and 
stimulant drugs 

It 1 $ well known that dunking and 
drug abuse are not uncommon 
expressions of depressive illness In 
such cases the treatment is rewarding 
when directed to the underlying 
depression. Marital conflicts, separa 
tion and divorce are unfortunate 
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accompaniments of the illness. Out of 
disgust, shame and for reasons of 
conscience a few depressives offer 
resignation from their jobs. In extreme 
cases, engulfed by a pathological 
desolateness the depressed indivi¬ 
dual kills his wife and children 
and himself—an act of “cxtei\ded 
suicide” Electro convulsive treatment, 
a safe technique, dramatically improves 
the depressed with self-destructive 
notions and is the treatment of choice, 
since there is a lag period of two weeks 
before the antidepressant drugs 
become effective. A suicidal depressive 
is a psychiatric emergency, needing a 
quick treatment 

In about 30 per cent of the cases, 
depression swings towards elation, its 
polar opposite In this state, the 
opposite of depression-volubility, 
ceaseless activity, absence of fatigue 
embarking on ill-advised but grandiose^ 
projects,-reckless spending, crowded 
ideation, irritability and argumenta¬ 
tiveness and even violence, and a 
failure of perception of the illness 
Such menacing moods may be 
devastating to the family’s emotional 
health and economy This elevated 
mood constitutes mania, a fraternal 
sister of depression If the course of 
illness is punctuated by mama as well 
as depression, the condition is one of 
MDP Depression or mania can occur 
by itself and recur at varying intervals 
of time 

Psychotherapy, a treatment by 
psychological means, aiming at a 
change in the pattern of living, offering 
emotional support, and a reasonable 
solution for conflicts is always called 
for in every case of severe depression 

Depression, a recurring illness, 
affects personal health, bringing 
psychological misery, precipitates 
domestic unhappiness, entails a loss of 
man-hours, and is a significant cause 
of mortality through self-destruction It 
needs recognition and is easily treat¬ 
able, and when cured, leaves no 
defects. □ 
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SOLAR WATER PUMPS 


.. HE imptirtdnce of cluvelopinq a 
. cost-cffcn'tivt* sciltu wat(*r pump 
»! for irngatiou in ti cfrvt*lf)pin»^ 

' cuimirv cun luiidk Iv o'vVic'ru 
phasised Tlu* pump- iiou ust-fl m 
irrigation art* mostly run on or 

elc?(‘tri( ity By 1981, thyre* weie 2 8 
million and /4 3 million such pumps, 
rcfspccfiyciv, and by the ye.u 2000. the 
total number ol electric motor pump 
sets IS expected to be 20 million 
However, because of the constiaints 
on power generation and inadequate 
supplies (if oil, solar powered watt^i 
pumps hold tremendous potential if 
they are cosi effectivt* 

Theie has been a lot of inien*s! in 
the last decade in (iec'elopiiKi ''in h a 
devue Unloitunale'v a ^ati'^^l.n loiy 
s(»lution IS ‘-till to b(» found Although 
sevewil solai w.\leT pumjw hrU'e bi*en 
built and demon'-tiatecl .ill ovei llu* 
woild, then c <^si i- ‘.till piohibilive 
There are mainly two mute- f«)i 
harne'^sing suliii ent'tqv, loi pi imping 
W'ater In one, •-olai energy i- i onvc’rt 
ed. thnnigh phcMoyoltaic i elK.direc tly 
to electrical (*n(*rgy which in turn 
powers a water pump In the other 
solar energy i*- college t(*d a'- thermal 
energy, through solui collectors, 
(SCIENCE rODAY Sepiemher Vm 
p 19). wim'h 1 ^- ulili-^ed to frmduv'i* 
either elc*ctiKal ur mechanical irower 
to run .1 water tnimir (^1 tfie tW(» 
!c*chnoloqies. the photovoltaic route i^- 
receiving rniu'h .ittentuiM and e likek 
to dominate l<»r 'inall powei n(*c‘cl‘>. 
mainly bee au*-!* it i^* ‘ample to oj leiale 
highly leliahle, need*- little ni.nnte 
nant e, <ind ha*- .i U »ng life I he thc*r m.rl 
tonic* has low I'ftic lenc le*- .ind need*- a 
c on*'ide»al)le fimoiint of piii.r^itic 
poui**. espec lallc lor snull i ap.ii ilii's 
In I )U' ( ounir V. the C'etilral f'Ic'c im 
nrc'- I irnilcd m.jnufac ture*- *'ili( on 
phoh K (»It.ru i>r *- 01 . 1 ] cell parieN and 
pumpinq unit- Hi*i c*nlly Bharat 
Heaey F'lec Iru als I united B.mqalore, 
has alsi) q(»ne into pmduc non And as 
many as 13/ demonstuuion uni's h.ice 
Iven in-l.illed all over the (oimtry 
These purnt)- arc' ol 300 watts 
peak(Wp) each and c'an pump 30,000 
to 40.000 litres (if water Ihrouqh a head 
of 5 to 6 metres on a bru^ht sunny day 


The Dc*partm(*nt (#f Non Conv'ention.rl 
Energy Sources iDNI S) Govc'rnnuM'i! 
erf India, offer*■ much snl^^idic*^ and 
solar c (*lls are snld .i! Bs 110 per w'att 
pe.rk while* a 300 Wp w.iter pump is 
sold at Rs 23,0(K) The DNFS rs also 
fiirlher sulisidi/iiu] pump seis, under 
the natrorial phirtovoltaic d(*mon*'lrfil 
ion programme in rural .rriH s(4t.(*tt*d 
remote area, at Rs S,0()0 per pump 
set 

I low do the* twe^ ‘-ysic*ms ot w'ater 
pump sels work''' 

The photovoltaic systems 

F’hotovoltaic cell*- conveit ^olar 
radiaticrc dirt'c lie mi»' dirc-ct ciineni 
(DC) elec Ini' powi*r whii h in turn c .lU 
he iisc'd to run ii motor i)ump set 
(Tigs 1 and 2 ) The system mainly con 
sists of a photovoltaic array, h.Ulery 
stor«\ge and a DC nvalor puniji *=el The 
< onfic^ur.ilion *'hown in the fi*)uri* i*- the* 
*-im] 4 es| vvilh biUteiy ^tor.u^i' only .v 
an option The phoiov»)Iiai( p.me* 
c ompiisrnq of c'ell*- in si-ne- and 
parallel, i*-' the heart rf the '-v.‘-l**tn and 
,ilso ac I onni*- for miic'h irf the co*-t Icr 
d.rtc*, c omrnetc'ially .wailable photo 
voltaic celU ate eithc'i *-incile ciy‘-lal 
silicon or polyt'ry* t.iltine *-1111011 
Othc*r s whic h .rre she iwir ig pr < rmisf nr i* 
amorphous ‘-ilu on cell*-, i adinium 


R.S. Soin 

sulphide Clipper sulphide cells and 
high t*ffrciency gallium arsenide cells 
Single crystal silicon cells have an 
c'flicienc V of about 12 to 15 per cent 
for the rest, it ranges from 4 to 28 per 
i'(»nt 

’I he cidvantage of using a haflerv, 
storage* 1 *- that it can provide a steady 
*-Lipply of elc'clrical (*nergy even it fh** 
irhotovoltaic airay oulpiil fliictiiales 
I onsick'iably diit* to changes in solar 
radiation But virfually a control 
system is nerc^ssary lo r(*qulale 
b.iltery-charqinq .ind to switch on .rnd 
switch off the motor pump set 
according lo the ballety charge* level 
T his adds to the i ost, requires ie* 4 ul.ir 
toirping up with dislillc»d w'atei, give**- 
rise tf» significant Ins*= as the chaigc* . 
discharge cc'i le is only hO to 80 I’rer 
cent effieinil and fin.rlly the* ‘-v'-tc'm 
may not last in.ore than five* vi*ais I 01 
small irrigation pumps. th(*refirre,^ 
using ball(*rv storage may rv)l hi* 
advisable 

T here is anoth(*r useful oirtion the 
m.iximum power prrint trai keriMPT I ) 
W'hic h monitors (he photovoltaic cell 
firrav voltage to match the anac 
operating level to motc^r demand T his 
causes the system to opeifili* .tl the 
maximum p(»W(*i at :\ given load 
c'onditKur If Ihe solar r-.idiatiori lecel 


Fig / 7 he phottwoiiak panel is seen prominenllv in this irrigation water pump 
installation 











array terr.poraturc, punipinq hi*ad or 
any other condition changes, then the 
MPTT seeks a new maximum power 
point This gives siqnific an! benefits in 
systems using a positive displact*inent 
pump like the domestic head pumj'ior 
any well matched system Howevei, 
the MPTT consumes 4 to 7 per cent 
“'jj^fc-er This loss should be weight’d 
against ttie benefit it otters While il is 
[possible to obtain a phot(»vollaic array 
effitienty of 10 to 15 per cent foi 
single-crystal silicon, the IK' motor 
pump set efficiencies avail.ible in the 
country do not exceed 50 per cent 
especially the ones witli trac tional 
liorse power capacities In certain 
I as*\s, an inverior i‘' used to obtain AC 
power and then employ an efficicMit 
AC motor pump s(*t but this ag.rin 
involves additional rtist and com 
plexity Sim e fihotovoltak power is 
expensive in view ot the high cost ot 
••olar c elK. it is imperative to devidop i\ 
more etticienl f)umf) either Ifiroiigh a 
magiu'tic coupling or by using better 
materials and optimum clesic^ns 


Thermal systems 

In water rniinps based on tlw’ 
P.rnkine cycle systcMn. a woiking fluid 
like watei oi treon is vai^rrised either 
(liiectly in soltii collectors or in an 
ec,a|yirator and the high-i)ressur e 
v’apoui IS passed through an c’xpander 
/When the va|K)ur expands from high 
^ pressure to low pressure’, it deliver^ 
useful power which is transmitted 
through .i mechanical (’ir hydraulic 
coupling to the pump The -^.penl 
vapour IS condensed in ii condenser 
and [)umped back thu'rugh Jhc’ feed 
pump The control valves regulate the 
va|K)Ui flows Tfie pump system thus 
essenn.rlly consists of so’ar c ollc’Ctors, 
(’vafTorators, expander, condenser 
feed purni), i ontrol valves tinci a 
hydraulic juimp \ igiirc* 3 shows the 
simplest arrangement of such a 
Rankine cycle based system 

F'or pumps using flat plate ccjllec teas 
or other collectcjis (SCIENCE TODAY. 
-.September 1983, p 19) which yield 
temperatures of up to 1(X)''C, (organic 
fluids such as freons which have a low 


. - , 


Solar water pumps based on 
photovoltaic cells hold much promise 
for irrigation 


boiling point ancJ aie non inflammirhk’ later improved at Hindustiin Brown 

are used Water i^ preferred for Boven, BaroHir, the Indian Institute of 

evapcjralor tc^mperatuies ranging trenn *l'ei hnology, Kanpur, and the Central 

120* - 300C which are obtained by Salt and Marine Chemicals Research 

I oncentratiriq collectors In case of Institute, F^havnagar Opeialionally, 

water, it is not critical to contain it the woiking (luid is vaporised directly 

totally in solai collec^tor and the high 

The Dormer (West Germany). pressure vapoiii enters the water 

Solai Pump Cfirporatinn (USA), and l.ink, effecting pumping Whenever 

Sofieles (I ranee) use the R.inkinc* the w.rter in the tank reaches the 

cycle in conjunction with Hat-plate hottclecrl, the vapckir valve ebses 

c nlick tors Although several cjI these automatic ally while the water valve is 

pumps have been msltrlU^d all over the opened lc» allow water to pass through 

world, proving then lec hnical viability tlu* cooling coil ‘I hc’ va|xjur in the 

and Tc’lialiility, ihey do not make lank is c'lmdensed, creating partial 

c'conomic' sense in view of iheii low vacuum in the water tank which 

overall efficiency of about one’ per draws water inlo the lank from a 

e'ent Incidenliilly, BHEl has inMalk^d nearby w.iIc^t schiycc The working 

a Dormer purnpir^g svslem which kis fluid should not mix with water and its 

been running salistac lorily for over boiling point should be slic^htly Fiiqher 

lluc'e ye.irs in Hyderabad I'Ik* j^iimp than the ( ooling w.\!(*i temperature 

employs high-efliciency heat pipe (fi One sue fi fluid is n pc’ntane, but being 

heat-exchanger device) solar tollec expensive,commercial petroleum ether 

lor^ the* controlling mc’chanism is 40 60* C is i ised it contains K) 70 per 

such that the engine urns autcnnati ceni jwMibine and the* lest is hexiirK* 

cally wfien enough solar insolation Many variations ol llu'se pumps have 

strikes the ccjilec tors The oveiall bt^en j)roi)os(*d leased on how the spent 



fig 3 (iefi) Rankine i vc le solar water pump f ig 4 (righf) So/ar water pump with 
noil-moifinff parts 


(dfit'iency reportc'd is about fw'i per v.ijxiur i"- c oridensecl, the* use •>! a 

cc’nt The rna]i)i problems iis^ociated diaphram tind W'hether the mimi)ing is 

with solar thermal waiei t)iim|)s basc*d continuous c^r inlc^rmittant Siu'h pumps 

on the Rankine c yi le .ire jiroviding have I’fficlencie*- normally’ not more 

power to the feed pump lubrication than one per c ruit. they have a limited 

and scaling syv,tems suction depth and they need ariopc’ii 

In this class is another rvf)e w'hich well or .i pond or a liver as the’ ’water 

uses vapour expansion dirc'ctly foi sriurce for its operation ITie t.ible on 

pumping One such solar water pumfi p 52 summarises the varicjus research 

IS shown in F'lg 4 This has been and cievelopment c’ffortson solar water 

developed initially at the BirldInstitute pump ^n our country in the recent 

of Technology and Science. Pilam, and |)ast 
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SOURiVATER ttiOlA 


K. ■ . f.' 


Tvpc 

OraaniMtlpM worickv 


' ’Sobr wMcr pump with 
no movins puts 

Birla Institute of Technologp and 

Science, PHani 

ITT, Kanpur. 

Central Salt and Marine Chemicals 

Research hatt., (C^fitl) Bhavnagar, and 
Hindustan Brown Boveri Ltd, Baroda. 

——— — ■ ■ ■ - .—" ■'.i' 

Low effictencias (about 1%) 

Suitable to open wells, tanks canals, etc. 

Limited suction prabieffls pasociated with . 
maintidning vacuum. Pitototype tested 
upto 0.5 h.p. 

Sobr water pump with 
dbphram 

Central Mechanical Eng^eering 

Research biatt., Durgapur 

Low-e0iciency (about 1%) 
hboralory m^l was buit 

RKiprocating engine working 
wHh low-boibng organic fluid 

Field Unit, Tata Energy Research institute, 
(THinPondicheny 

Central Salt and Marine Chemicals 

Research Institute, Bhavnagar 

Bharat Heavy Electricals Limited, 
Hyderabad. 

‘TERl tested Setfretes pump with butane as 
working fluid. CSMCfU built a fractional h.p. « 

prototype and carried out performance studies. 
Efficiency bss than 1%. Soling and lubrication 
are critical probfems. BHEL installed Diomier 
pump and operated for 3 years. A higher 
capacity pump b designed to fabricate locally. 

Abhimanyu pump 

National Physical Laboratory, Delhi 

School of Energy Studies, Poona University, 
Pdona 

Spiral expander; problems assoebted are 
feakages and lubrication. Efficiency reported is 
about 2%. 

Steam engine 

Jyoti Energy Division, Baroda 

Jyoti Solar EnergyJnstt, Vallabh 

Vidyanagar. Gujarat 

5 h.p. prototype has been tested. A 5 kW 
machine b being assembbd to work with linear 
parabolic concentrator. 

Stirling engine 

Central Sait and Marine Chemicals 

Research Institute, Bhavnagar 

Built a 0.17 h.p. prototype. Probbms observed 
wHh sealing and heat transfer. 


Stirling engine 

The Stirling engine, theoretically, 
has a higher efficiency than the 
Rankinc cycle for a given temperature 
Practically, however, temperatures 
greater than 400^C are preferred for 
Stirling engine operation The working 
fluids used are normally air. hydrogen 
or helium Besides its high efficiency, 
the Stirling engine is rugged, and 
comparatively maintenance-frec' in 
view of external heating Another 
advantage is that alternative fuels 
such as hiogas or biomass can be used 
in place of solai heating on a cloudy ot 
rainy day or night time operation 

Two types (if Stirling engine*' have 
been propcjsed so far One is the 
kinanietic engine and the other is the 
fri^e piston engine and they differ in 
the linkages between the fiower piston 
and the disjrlacer Altiicjugh large si;?e 
ku’iametic type Stirling engines have* 
been built and tested for transport 
applications using gaseous fuels, 
neither kinematic nor free piston 
engines have b«*en built and tested 
with solar energy as the input for large 
irrigation purposes Beale pf Sun 
Flower Corporation, USA has built a 


free-piston .'»tirling engine with a 
fractional capacity which can run on 
natural gas 

The mam tiroblems associated with 
Stirling engines designed to work on 
solar energy are the regenerator (a 
heat transfer device) de.sign, taking into 
account the tiansient heal transfer, 
the receiver design coupling the 
engine with the concentratoi and the 
liansfei of the heat to the working fluid 
from the re( eiver 

The realistic costs of solar water 
pumps are not available since these 
pumps are still in the developmental 
stage and continuous technological 
improvements are taking place Only 
some indicatives costs are available 
The present cost of Rs 110 per peak 
watt of photovoltaic cells may come 
down to half in the ne <X few years The 
c(ist of solar hermal water pump 
greatly def)ends on the type of solar 
collectors and their efficiency at the 
desired temperature 

Both photovoltaic and solar thermal 
water pumps have been expensively 
deveJoped and studied in India The 
photovoltaic solar water pump has 
made much headway in terms of 


reliability and cost-effectiveness and 
hundreds of installations are already 
working 

The recent technological develop 
merits of amorphous and polycrys- 
talline silicon solar cells seem to hold 
great promise Efficiencies upto 6 to S 
per cent are claimed for amorphous 
silicon solar cells and the costs are 
predicted to come down as low as 
R-.25 per peak watt in the next five^ J 
years Meanwhile interest in developing 
a solar water pump using flat plate 
collectors is decreasing in view of its 
low efficiencies and it is increasingly 
becoming clear that it can not 
compete with photovoltaic systems 
for small power needs The solar 
powered Stirling engine holds promise 
in view of Its high efficiency and 
capability to adopt to locally available 
rural energy resources such as biogas 
and biomass □ 


Mr Sorn i> at Rt>search and DpL*ehpment 
Centre of Hindustan Rrou’n Boueri Limited in 
Baroda and is the Croup Leader of the Solar 
Fnergy Division He obtained his M F fChem 
Fngg) from the Birla Institute of Technology 
and Science, Pitani 
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BRL OSCILLOSCOPES 


Finest In more ways than one. 
Because of the reliability and 
accuracy which go with the 
■nrMiMAname Thanks to its 
powerful Japanese connectlcm. 
Which explains Its acceptance 
by discerning organisations 
like ICIM, DCM, CMC, BHEL, 
Doordarshan. For a wide 
range of applications. 
Computers, Consumer 
Mectromcs, Defence. 

liOOk wliat you get 

' Focus irrespective of 
brightness control, 
guaranteed by test selected 
CRTs and a specially buUt-in 
circuit 

‘ In-circuit testing made 
possible ty a specially 
^ designed probe. 

Enhanced rehability througli 
high-rel components, top 
grade tropicalised PCBs and 
automatic wave soldering. * 


Central Marketing Organisation 
■•n. Centre. 32 Church Street 
■■*9angalore 560 001 
Phones 52321/2/6,55217 


bisideout 
the finest 
in the country 


and comprehensive technical 
documentation. 

* Superb intemal layout and 
rugged construction. Which 
means, maximum value for 
•your money. 

* For the Service Engineer, a 
compact and elegant 
canylng case for portable 
field applications. 



Look at the range 

• 100 MHz - DTO 31002 

• 60 MHz - DTO 31500 

• 35 MHz - DTO 31361 

• 35 MHz - DTO 32352 


Ea^ maintenance and 
servicmg due to the use of 
non-proprietoiy components 

OSCILLOSCOPES 
Intematlonal quality 
at affordable prices 


And making it all possible, is 
theam.-MiMA expertise which 
covers six product areas: 
Computers; Communication 
Systems, Components; 
Instrumentation (Industrial, 
Medical Measurement); Office 
Automation and 
Consumer Electronics 
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Is intelligence inherited?^ 

Bal Phondke 


EORGE Bernard Shaw is 
said to have lx*cn appro 
ached with a marriage 
proposal hv a ravishing 
young actress The woman thought 
that the child horn from such a 
wedlock would derive its beauty from 
her and its intelligence from the father* 
The wily dramatist reportedly escaped 
matnmonial bondage with a typically 
Shavian disclaimer “What if the baby 
were to get my looks and your 
brains''*” 

Levity aiwrt, the story underlines 
the popular belief that beautv and 
intelligence are both heritable “charac¬ 
ters” Beauty, if not exactly skin-deep. 
IS, at least, composed of external 
anatomical features There is reason¬ 
able evidence to suggest that the 
design for these features lies in the 
genes The striking resemblance m the 
facial features and hocly-huild of 
identical twins should he an accep¬ 
table proof of this But what of the 
cerebral qualityK intelligence indeed 
inherited'-* 

The answer to that intriguing 
question is ves. not only in the minds 
of laymen but even among some of the 
highly respected members of the intelli¬ 
gentsia How else ran one explain the 
heretic concept of a Nohel sperm bank 
and its unashamed advoiacy by 
William Shockley''* Such concepts can 
create crronef)us feelings of rai lal 
superionty In our casieist society 
these concepts find fertile soil to flou¬ 
rish The scheduled castes and tribes 
are, therefore, considered intellectually 
inferior and incapable of improvement 
due to their genetic stock 

Of course, our society cannot claim 
the dubious distinction of being the 
only one to harbour such ideas In the 
US It IS the blacks who are 
considered intellectually inferior 
These, cjf course, arc*subjective views 
If rinr were to search lor crbiec live 
answers what would he lind^ Is 
inleliigcnie inherited or acquired nr 
both*^ 

However, before one even begins to 
design experiments for this purpose 
one would have to define intelligence 
and devise a unit to measure it. In our 



country inlelligcni e is usually gaugecJ 
in terms of excellence m academic 
performance Those who top the lists 
in school, university or public exami¬ 
nations are considered to be highly 
gifted intellectually Those who do 
relatively poorly are thought to be lack¬ 
ing in intelligence 

In the western countries, intelligence 
tests arc empl(5yed to arrive at that 
much valued index of intelligence, the 
intelligence quotient (IQ) Even these 
rely heavily on the evaluations of one’s 
ability at mathematical or analytical 
reasoning and linguistics Do these 
really reflect the intellectual calibre of 
an individual? Because we do say that 
Kapil Dev howled intelligently, that 
Ara has made an intelligent use of 
colour*' inhisLomposition Then theie 
are the international masters of chess 
Not all of lhf*se men and women- 
artists, alhl(*tes, j-vets or nuisicians 
necessiirdy possess excellent academic 
tarei'rs Should they then be ^onsi 
deied le'^s inteKigenP 

These misgivings are being fell by 
SI lentists The inadequac y of the 
present day assessment of intelligence 
is now t'lmris; universally accepted 
And yet there lire no alternatives, 
vilihough a few (ontroversia! ones are 
being seriously discussed 

One of these is the theory of 
multiple intelligence proposed by- 
Howard Gardner of the Harvard 
School of Education After defining 
intelligence as “a relatively autonc^ 


rnous intellectual competence” he • 
goes on to identify seven types 1 hese 
are logical mathematical, musical, 
spatial, linguistic, bodily kinesthetic, 
interpersonal and intrapersonal ^ 
intelligence 

It migfil be argued that some of 
these like* musu alorlvidily kinesthetic' 
are what are noimally termed as skills 
or talents That again would be a 
subjective view since neuroj')hysiolo 
cjical evidence now has established 
lhat learning and i)erfecting ihc^se 
faculties do indeed involve those' 
mental processes generally assumt'd 
U' be intelligenc e 

ITie seven Ivpes described by- 
Gardner, therefore, merit considera 
tion if one has to judge whether tht'^ ^ 
jiresenlly adopted intelligence tests - 
are adequate and whether IQ is a real 
measure of one’s intelligence 

The linguistic intelligence fully satis 
fies Gardner’s requisite of autonomy 
as the specific brain mechanism 
underlying development of proficienc v 
ir^ a language is shown to be localised 
in a specific area in the left liemisphere 
of the brain However, culture and the 
structure of society to which one 
belongs influences the form that 
linguistic intelligence eventually 
assumes 

Musical intelligence, according to 
Gardner, is not merely the ability to 
sing or play an instrument It involves 
the capacity to understand the 
structure of music, being able to break 
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It down to Its constituent notes, play 
upon them and restructure them into 
d whole yet uniquely personal compo 
sition If we are to go by the musical 
I)rodiqies then it would appear that 
this intelligence is usually acquired at 
an early age Although any specific 
I'iCi&fion of the cc^ncerned brain 
^M^tion has not yet been identified, 
acquisition of musical expertise in 
isolation of cither faculties lends 
support to the concept of its being 
autonomous 

One of the reasons lhat logie.il 
nialhenidtical intelligence has so domi 
Haled intelligence tests is hecausc it is 
one that is reciuired in most normal 
day-to-day functions Ability to reason 
out IS a big asset in daily life when 
one is faced with .i number ol 
siiuations which need caieful rea 
soiling Although logic .ind mathema 
'tics are usually sepaicitcly mentioned 
they .ire two incarnalujns o| du* same 
basic faculty Or as r:iertiand 
once opinecf, “I ogic and mathematics 
differ as boy and man l.ogic is the 
youth of malhematii s and mathe 
matics IS the manhooci ol logic " This 
intelligence c ontinucs to awe a layman 
ht\ ause abstract mathematical con 
( epis always seem foimidable 

Sp.itial intelligence likewise caj) 
lures the imagination as it allows one 
to ihink and visualise models m tfirec^ 
Himensioiis Th.it this is autonc»mous 
' Xs suggested by Oardner can he borne 
^'»ut by a case cilc^d by Helen 
Weinreich Haste, .i psychologist at 
the University of Bath She has 
reported ahcnit an autistic c hild-who 
had shown extraordinary skill in 
translating all the visual imagery on 
pap(»r and yet was constantly a low 
scorer in the ccMiventioiia’ IQ tests 

Bodily kinesthetic intclligenc e is the 
most abstract concept of Gardnei’s, 
more so because not much neuio 
physiological or even psyc hologic'al 
research in that direction has been 
conducted A few studies on Olympic 
athletes are available and the tentative 
conclusions drawn from these tend to 
A.substantiate Gardners views How 
ever, more concerted mvestigaiioiis 
on other sportsmen, dancers, mimes 



are ('ailed tor 

To appreciate the Iwo peisonal 
intelligenc es propounded by Garcinei 
one can study leacheis, leaders of 
men. army commanders and counsel 
ling therapists It is often seen that a 
good teacher is not necessarily theone 
who has excelled at his own academic 
Iierforniiince Cc^nversely, no' all 
gifled scientists have the* ability to 
imparl 1 heir knowledge to the students 
in a cogent and persuasive manner 
The same is true lor leaders ol men 
or army commanders Not every one 
i)f the latter would qualify as a good 
field soldier But in deveicjping a strategy 
he would he’ pc/i exc (•//c*nce 
Admittedly, Gai drier’s theory is 
conlroversial and spc»cula!ive Bui it 
has underlini*d the shortcomings of 
the present system of determining tlu' 
intellectual t ompelence Fsiiecially, it 
has demonstralecJ that a higfi sc(3reoi 
posit 4 ve result based on the v urreril 
system may very wcjl he a correct 
assessment although ihe inciivirlual 
should he tested in r)therdep.jrlmenls 
On the other fiand, a low score cjr 
a negative result should not be inter¬ 
preted as proof of lack erf intelligenc e 
Secondly, tests desic^ned tcj assess 
inlelligence as per Gardners theory 
would also fulfil one other criterion, 
the aptitude of an individual 

Gardner is not the only one to decry 
the present tests Others too have 
arrived at the same conclusion albeit 


by different rcjuies A grou[) of black 
psychologists on the west coast of 
USA were entrusted with thee aseerfa 
problematic black school hoy Johnny. 
He I oLiIdn’t read His behaviour was 
.iticrcious turning on at time.s to 
violcMil His teachers found him 
retarded as his IQ was seen to be 
low His linguislic sc ore wasespec'ially 
low he w.i*- releg.jtc’d to the s|oecial 
ediK ation classes 

When this gre^up of psychologists 
started examining Johnny, they didn’t 
find him letarded His linguistic skills 
were also normal What had made him 
earn a Icjw score in Ihe school IQ test 
was the use of standard King s English 
to which Johnny, being raised in a 
ghetto, was unfamiliar The group 
further detected that Johnny was not 
an exception Almost all of the black 
school kids in special education—and 
there was a statistically high proportion 
ot thcmi- were like Johnny, normal or 
at limes even above normal They 
sued the state to ic^' tify Ihe situation 

But they also realised that the battle 
has to he fcjuqh! ncjt so much cjn the 
legal front as on the academic The 
neecf for devising a more relevant, 
more realistic intelligence test was 
very ac ulely felt 

"fills prcMTipted a husband and wife 
team Alan and Nadeen Kaufman to 
dc'vise ri new test now called by the 
formidable name of Kaufman Assess- 
m(M»t Battery for Children IKABC) 
They c laini, that the* test judges not 
wh.it a (hild knows hut how the child 
knows If The claim may apyiear tall 
hill IS firmly based on hard nee'^ologi 
cal facts It IS kncjivn that the two 
halves of the brain c'cnitrol two 
different kinds of ifiinking Sequential 
orderly thinking r.ikes plate in the left 
hemisphere wl'iile simullani*ous 
instant recognition type thinkingcjccurs 
in the right The KABC test depends 
upon this dichotomy and measures the 
two modes of thcjught separately. At 
the same time it does not ignore com¬ 
pletely the strengths ot the present 
system Thus, the Kaufmans have in¬ 
corporated the .iritlm ietic and linguistic 
compe^nents in the KABC al.so 

Like Gardners theory, the KABC. 
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too, has Its strong proponents and 
equally emphatic opponents The 
' latter contend that KABC has the same 
weakness as the one it is trying to 

■ replace. 

Controversial though these theories 
are, they have emphasised the difficul 
tics in finding an unec|uivf)Cdl answer 
*■1 to the basic question that is haunting 
everyone Is intelligence inherited'*^ 
'■ Therefore, the studies that have been 
' carried out using the means available 
at the moment have to be approached 
’ with a degree of cin umspection One 
f such of recent origin is the report of 
. Teasdale of the University of Lund. 
Sweden and Owen from the Brooklyn 
College, New York that has appeared 
in Nature 

Taking advantage of the Danish 
adoption-register, Teasdale and Owen 
identified four groups of sibling pairs 
Three of these groups compris**d of 
genetically related pairs who were 
• adopted and reared apart in separate 
. families Even related siblings 

had differences m the naturr* of their 

■ relaredness One group consisti-d of 
full siblings, while I he other was 
constituted by maternal half siblings 
Paternal half siblings formed the third 
group 'I'o contiasi with these Ihret* 
groups, the fourth consisted of 
genetK.illy unrehted tiairs adopied 
and reared logetfier Almost all the 
adoptions had laken pl.w e al a 
meciicin agt' of five rnonths 7'fie 
adopter's were alstj matched lor sex, 
age but nr)t for their etfinic backgrounds 
Neitlu-r wt're ihf adofited homes 
simikrr in then culluial slariis These 
foui gioups wen- mmparefl wi!h the 
fifth control (poiip of t)airs ot full 
siblings reared logi'thc’i bv then 
biiilogiCiil iifiients 

On attairnng the age of 18 , t'veiv 
member of these different groups 
was SLibiected to an intelligence test 
known as the Boige F^iein F^oveihPln 
Thc'ir educational level (U • .is v\-c*ll as 
medical fitness was examined FL'ighl, 
which has Ix^en shown to be a 
hciitable charactei, was one of the 
traits against which tFie intellertual 
competence was compareci, The 
assumptK)ri underlying this comparison 


IS tFidt if there is a positive correlation 
between the two traits then intelligence 
would also be a heritable property A 
negative correlalirin would logically 
negate the hypothesis 
The authors found iFiat intelligence 
as estimated by BPP suppcjrted the 
byfioihesis of a genetic acquisition, 
whercMs educational attainment ns 
ri'flec ted in H appeared to l)e 
influenced both by cultural environ¬ 
ment and hentabilitc However, these 
results sfsiuld he Clewed with caution 
sinc<' Fieighf which has been estab 
lisFic'd to he .1 fjolygenic I?ait showed 
some pec ularities F (jr example, 
maternal halt siblings shcjwc'd a better 
c or reflation as ccjnipared tf» full siblings 
whereas paternal siblings did rifjt show 
any significant genetic influence in their 
heights • 

F*.irilv, the small sample-si/i* in 
ihfst' siudies IS responsible tor these 
rlicergi'nt results TFie authors fi«*c*lv 
admit this deficient y iri their model 
which none the .ess is an improvement 
oil tht' previous studies AltFiough 
Cvril Burt had adopted the model of 
identical twins his studies have* since 
been di'^t reditec) If one were to avoid 
the pitfalls of his design and h's biases 
that m(»de! should prcjvide less ambi 
guoMs results The study of IVasdale 
and Owen, at least, gives us that 


( onfidencc In addition, the tests ^ 
employed also need to be changed, 
espc'c lally in view of Gardner s hypo 
Ifiesis Gardner has emphasised the 
lu'cessity (jf evaluating cultural 
influcMice But the difficultv lies in 
dissociating cultural and genetic influ¬ 
ences to the exclusion of one from 
anotFier 

Another facet of the present studies 
which might have contributed to the 
paradoxical results is that although 
care was taken to match the adoptees 
the families adopting these children 
were not Their background, educa- ** ' 
tional attainments and the environ- ' 
ment they could provide to the 
adoptees varied, at times, significantly 
Tins does not belittle these studies in 
any way but merely underlines the 
difficulties in finding a clear answer to 
the question asked 

Scj we are back to square onc» Is 
intelligence mFierited^ Possibly That’s 
the best one ran do at the moment 
The ccjntroversy surrounding this query 
will, per force, continue and heated de- 
Oates will take place The only point of 
agreement will be that the question 
would remain unanswered till we can 
come up with better models, more ^ 
precise definitions, improved tests ' 
and cleaner data □ 
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SYNTHETIC DETERGENTS 
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S WITOtTIC dmifsmts have 
^•conM'«i. in<«gral paft. of all 
houMholds'. 'houseuyiyes, both 
runi ^pd urban, depcntf on tynllhe' 
tic detergent! for cleaning not only clothe! 
but also utensils, floors, toilets, tefir^at 
tors, -cookin^i ranges, etc. Hence w« haOe. 
the‘safest home wash for deHcateclofhefl*; 
and *fos dO things so ptedous you"nfoit 
%an thctn un»irsaE!!,'and euehifotemr^ 
Jmich, requM' no acrtlbbing to rfotioii^ 
(nose atul^m spots’! 

Thg tnartwt is literal^ flooded with liquid 
an^^9b«N^.detergents. afl at competitive 
pr|ce!,.Jg|u|sig the housewfle perpletted 
amt u^'fo buy. You mli^t as wen ask 
a^'whtn fhe soaps have dw^qieared? 
OrpeitMK Whave ourbathbig soaps and 
kaufl'bwdor waahfogcidthes. But 
"-*1i>[»ftiidjffi fomorrow 
ergei^lBr bathhigtoo. 
P«^f^foain|(^t^ 
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• Many of them are sulphated nr sulpho- 
nated substances produced as a by 

} product in petroleum refining But the 
*r ivashing soap—which you are probably 
. .forgetting by now -is one of the best 
{.' detergents! Snap is essentially sodium 
hydroxide heated with animal fat The 

• mixture is heated for several hours, when 
•oap rises to the surface Upon cooling, it 

’ solidifies It IS washed, then cut and 
moulded into bars or cakes Potassium 
hydroxide is used in place of sodium 
' hydroxide to prepare soft soaps producing 
fine lather. Soft soaps are commonly used 
in preparing liquid soaps and shaving 
creams 

Soap IS used for cleaning clothes made 
dirty due to soil particles sticking to the 
fibres A simple wash in cold water, 
preferably followed by a hot water rinse 
should remove these soil particles Rut 
usually they stick to the fibres along with 
oily substances These oils may be body 
oils, spilled foods, lubricating oils from 
machinery, or oils vapourised by cooking 
which settle on clothes Oils are not 
soluble in water and hence a simple 
treatment with watei will not remove dirt 
from clothes It is heic that the soap comes 
to our rescue 

Soap molecules have a split “peisuna 
lity" One end of the molecule is ionic and 
dissolves in water, the other end is hydro 
carbon in nature and dissolves in oil When 
soap IS applied to clothes, the hydrocarbon 
«rtrid sticks to oil and the ionic end dissolves 
in wai-^r Thus the ditt paiticle along with 
its oily diackground is removed 

But sriap is not as efficient in haid 
water, as k*t is in soft water where it forms a 
good latner Hard water has salt*- ot 
calcium ((Ca) and magnesium (Mg) 
Interartiorii of the carboxyl groups of soap 
with thescMCa and Mg sails results lu the 
formation insfiluhle Ca Lind Mg sodps 
which fnini| the stum This m.iki s sn,ip 
non-availabl'e for its Ueansing action, 
which as explained above depends on the 
water solubili ty of the so.ip nmlei ules I he 
synthetic detergents have no cart’HJxyl 
groups on them and lienee they do not 
interact wit’n Ca and Mg salts of hard 
water This offers a »XMt solution to 
c'leansing in hard water 

Advent of synthetic detergents 

Scientists tried to tjvereome the made* 
quacies of soap in twf» wavs The first was 
to add softeners to hard water The 
second approach was to d«velop an 
entirely new type of cIcMiising ac^'nt 
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synthetx: detergent The product 

developed was like soap in action, hut 
different enough to resist the effects of 
acids and hard water 

The efficiency and behaviour of deter 
gems are influenced by their structure, 
the nature of the material Ic^ be cleani'd, 
the nature of the dirt, the temperature ol 
the cleansing operation and the pH of the 
solution Hence each detergent will 
achieve its optimum efficiency under 
various conditions 

The first synthetic detergent developed 
was sodium lauryl sulphate It was an 
expensive, though a FX)pular detergent It 
was followed by alkyl benzene sulphonate 
(ABS) prepared cheaply from (tetramer cjf) 
propylene, benzene, sulphuric acid and 
sodium carbonate 

This synthetic detergent was an instant 
success But it brought miseries later on It 
was found that the branched chain 
structure of ABS molecules was not 
readily broken down by micro-organisms 
in the sewage treatment plants Foam 
staited arcumuldtiiig in rivers and it 
appeared in drinking water sources, even 
the supply ot ground water was threatened 
There was a huge public outcry which Ic^d 
to the banning ol detergents 

New degradable synthetic detergents 
scjon arrived to take the place of ABS They 
are called lincMr alkyl sulphonates (LAs) 
Though I AS are biodegradable, they lead 
to the prcxfuctiori of jihenol which is a toxic 
material Thus these detergents increase 
the buichemu.il oxygen d€’mand of 
water 

In an attempt to constantly improve 
uix)n detergents, phosphate salts wer«* 
then addl'd to IkkjsI the effectiveness of 
synthetic detergents Now too, they form 
one of the ingredients of detergents But 
they 111 their turn of damaging the 
environment were t(.)und to speed up 
eutrophication (killing animal life by 
deprivalion of oxygen) in lake't The 
syiifhetic detergents containing 40 to bO 
pel cent oi more of ihese phosphates have 
resulted in pouring thousands of tons of 
|)hi>sphfites in lakes and rivers Phosphates 
alscj limit the gro' th of algae in water This 
fait has conifX'lled its manutartineis to 
r.ediK e the pliosphate ( ontent ofsynthetu 
dc'ter gents 

Sodium trmitiilo triacetic acid iNlA) 
soon leplaced phosphates as it was 
thought to be less dangerous and easily 
buxiegi adabk* However, even NT A was 
found to be dangerous it caused cancer 
in experiments on rats and mice, and 

1984 


formed metaFchelating substances with 
metal ions. These chelating compounds 
pose many problems in sewage pumps, 
septic tanks, domestic pipe lines and 
drains 

In late 1960s, most detergents contained 
enzymes Enzymes break down oils, fats 
and proteins A sustained sales campaign 
effectively boosted the sale of these 
enzyme containing detergents But Ifoon 
they also came to disrepute Proteolytic 
enzymes were found to cause haemorr¬ 
hage in lungs of laboratory animals and 
skin rashes devebped, particularly among 
the workers in detergent factories Soon 
these enzymes were found to contain high 
concentrations of toxic arsenic The last 
blow to these enzyme based detergents 
came when it was found that they had no 
additional advantages over the usual 
detergents By 1971, these detergents 
were banned in USA and later m other 
countries too 

Back to soap? 

Taking info consideration the hazards of^ 
detergents, should we go back to soaps’ 
Soap IS made from animal fals (mutton 
tallow), a renewable source but certainly 
not everlasting Vegetable oil is now being 
substituted for animal fats 

Synthetic detergents are made from 
petroleum, a non-renewable source 
Petroleum has to be distilled, cracked, 
reformed and reacted with a vai lely of high 
temperature and energy- consuming 
operations to manufacture detergents 
Thus detergents are expensive while soap 
IS cheaper and ecologically safer 

Sec ondly soap washing requires less 
quantity of water Detergents require hug»A 
quantities of watei to wash off the foam 

Some questions which immediately 
come to mind are Is it wise to use 
detergents when there is an overall 
scarcity of water in the country’ Should 
deteigent manufacturing be banned'* 
Should we go back to soap’ To answer 
these and other related questions, the 
consumer has to wisely use her judgement 
and knowledge In areas where water is 
scarce, detergent use should be dis 
couraged, in other places soaps should be 
preferably used, except in situations which 
demand hard stubborn cleaning In short, 
a judicious use of scuip and detergent is 
best 

R.V. Sovani 

Prof.StK'uni u as nil fiten/lv with the Honv 
BhabfiaCentw tor Si hoof Scieni.e Ediuunon 
Hv IS <i/sci ti well Knoun .sciencp wrifpr 




Secrpturv: “Miiiisfer/r. /\ri* vou sure’ i/'oi/ 
u>ant to realh implement the neu 
Tci hno/oqv Po/irv^' 

Minister: “I am quite positive The 
Technology Policy, as announced rei ently 
hy our dear Prime Ministerji. is the most 
impoitant document clearly announcinq 
the commitment of our (iovernment to the 
I)rinciple of self-reliiinc e for national 
development After all, how else can we 
eradicate poverty from our country and 
modernise our industry and at the same 
time hocjsl the morale of our scientists who 
are keen to see that the technology they 
have indigonously developed, hefoie rush 
ing to take their foreign assignment, is fully 
utilised'-* The politK al leadership is exfiect 
<'d to implement this |X)Ik y after all. isn’t it 
I Secretaryj!^" 

1 Seiretary: "Of lourse, Minis/er;i Po/i/i 
cci//v U'e ore commitP-d to it and after oil it 
IS expected tn mntrihute si^nifii ontlu to 
the notional 20Pttint Programme But 
Minister: ‘‘Right, Sec letaryji, Now you aie 
talking ‘But' did you say •*‘But' I 
mean do you really -* 

Secretary No* N<d Mini'^fem, Don't 
get me* Luro/uj lA/haf I tcalh wonted to sciv 
IS that while we should t eitoinlv mokt a 
h^ dent in our et oiuvriy. rerliu e the brain 
drain, impnrue the baluru e of /uiK'meni 
position and even imprrfi'e our export 
potential, hut l(Hjkin<i at our socir> 
economic londition, luith oin mltural 
background, nor to forget our jmst 
traditions and Crandhian philosophv. I 
warider whether we should thinigh we 

' (ertainh could at the present moment, 
really take steps which < nuld indii ate the 
Goifernments intention tn shift our polic v 


suddenly, though consistent u»it/i oiii 
p/ii/osophy, and affet t out IhiIwh ed 
relations with the su/ier/xnrers 
Minister: ‘‘N(»w wait a rninure, Sei re 
taryii doc's that mean we should r>r we 
should not '* We ran’t do both things at the 
same liriie, you know Al least not 
imrnedialelv Why don’t you siiy sciinc'lh 
inq clearly in plain Pnglish''" 

Secretary "Well you see Ministem The 
sifiia/ion IS not all that simf)le IV»' uxjn/ to 
consider 

Minister- "Stop ii 1 know you don t want 
to take a c leai decision, you hiireaucriits 
always have a way of ‘not saying’ a thing 
frankly But we politic lans < an’t take sm li 
an attitude, you know Allei all we are 
answerahle to the f^eople Siiu e wluitever 
we say is likely to he misciuolt'd we luivc* to 
ensiiie that we c an lake h.u k wh.ii we had 
not said in the first instatuc* 

Secretary "Von hauc got the poin/ nou' 
Minister}!, The Technolofiy Polity Stare 
merit is far too important adociiinimt to he 
igiKV^d iiiid we ceitaiiily t aiincit have you 
misquoted on that, euen though your 
Siwc lul Assistant mayhaife told the Press 
otherwise 

Minister* “My Speci.il Assistant *’ Has 
he hf*en talking to the Press againBut 1 
had clearly told him that it any talking is to 
tie done to the Press, it will he I w'ho will do 
It and that too aflei you had i lisired the 
text I knew he would get me into trouble 
one of these days I should not have-* 
succumbed to the pressure in aptiointing 
him but you know how it is in politics 
and when you are so busy inaugurating 
conferences, laying foundation stones, 
leading delegations abroad, gvinq recep 


i 

i 
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rions etc etc you do need a Special I 
Assistant, don’t you’ I tell you St*crp1aryji, ; 
the life of a minister di^s not give him a free . 
moment to ^Kinder (iver important issues. ” 
Secretary: "‘Like the Technology Policy ' 
Minister 

Minister: ‘‘Oh, yes Thank you foi 
reminding me al)ou! our policy commit¬ 
ment to the nation Come to think of it 
the Technology PoIkv Statement is a 
complex document, isn’t if** Secretnryji?" 
Secretary: Certainly it is Ministein, with 
its balanced dependence on Rural and 
Urban needs, ensuring a proper mix 
between mass irtoduchon and ryraduction 
by masses or is it the other way?" 
Minister: “Whatever it is Secretaryji, I 
must refer to it in my address at the 
Women’s Parliamenta.'ian Club tonight. 
After all technology can do a lot for women ’ 
you know “ 

Secretary: Hm Hm. you can he rest 
assured Minister ii. your speech will 
certainly create a sensation when it i$ 
reported next day Minister}! ’’ 

Minister* “That is exactly what I am 
worried abo^t You know what happened 
last time when 1 referred to the role that the 
multi nationals can play m strengthening 
our policy of self reliance'-^ Or for that 
matter, remember rny press conference^ 
The one where I proposed we open a 
nucleai reactor every memth in each of the 
States to keep jjace with my esteemed 
crilleaque’s efforts at the I & B at setting 
up TV transmitters I went so far as to 
m.ike allowance for ‘low power’reactors if 
high fjowei or fas! hrr'cdors proved a hit 
difficult ” 

Secretary “/ nv.sseci that Sir, you 
remi fTiber you had sent me to the US to 
on ffuif ijurslion of c/ec the 
( apcib/ZiM' o/ inliemii iil}voi essc/eue/rj/xx/ 
in one of out national iaboiutorws 
Minister* "Never mind that now F)on’t 
iligresi fr^im the lealily o| the sitiitition I 
h.ivr to give* iti.it speer h in an h<iui .ind I 
haw not evf*n seen it yet 
Secrelarv "I'*‘»n't \>ou worn’ Ministein 
We hai'e aln'aily senr o message for f/ieii 
snui'en;» highluditing the irnporlarn e t)f 
irn})lemenlin<} tlu‘ fei hnology PoJu y Ihe 
sfteei li j essentially the same whii h you 
had delii eied at the annual function held 
by the Non Resident Indians u'ho were 
here tn start their n<*u' reMfure on 
Tei hnology C'lty 

Minister “Oh no let us not -^larl on that 
topu now ’’ 


Secretary "Yes Ministertd " 

Prabha Kar 
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FROZEN MOMENTS 





lot can happi'p in a split sch t>nd tis ( an In* spcn lioni these I 
dstonishinc) photoijraphs a moth taking r)ff froiii a ,J 
bramble htMci leavers in its wake a shower of scales from its •'* 

wings, these hang ir the air like stardust Water drops iKiuiKe :\ 

off the legs ol frogs like niikimoto pearls The photographer, ; 

Stephen Dalton who specialises in the captiin^ of split ! 

Sec onds 1 2r)000th of a second to he prei isi* shares his rich ; 

expener’ice in a new oook I 

“Caught in motion— 

High Speed Nature Photography” 

by Stephen Dalton 

Weidcnfeld and Nicolson, London, 

£ 10-95 ^ 

j 

/ 
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N a paper prepared *cir the mm 
C entennial Confcremc on Sriente 
, and Engineering Ediuation in 1961, 

' Bhabha wrote “I would suggest that a 
new history of the world, which went 
-deeplv into tiie techiw^logiral basis of 
•ocieties, and was iiiterr)reted not merely 
as the result of human decisions, but 
brought to light some of the physical facts 
leading to these dceisions, and the reasons 
for the sure ess and failure of these, 
decisions, wcxild be (^f immense value to 
us For due t(j the immense forces pul at 
our disposal by modern science and 
technology, this generation, perhaps more 
than any othei, has the resjxmsihility of 



Bhabha on 

ADMINISTERING SCIENCE 


consciously studying itself and its relation 
to Its environment and deciding on the 
"kind of action to take ” 

“A striking examtiie is piovided by the 
fact that we do not understand why that 
continuously ascending activity, which we 
call modern science, should have star led a 
few centuries ago in Western Fuiope, 
when there were several other parts of the 
world, ancient Greece, India and China, in 
which science and technology had reached 
fust as advanced a stage much eailier than 
in Western Europe at the time cif the 
compiencement of modern sc lentific deve 
lopment and the indiistiial revolution ” 
Then turning to the i|uestion of the 
widening gap betwc'en ihe advanced and 
the developing countries, he points out 
(years before I iniifs fo (irou-f/i) that an 
exponential growth cannot <io on indeli 
nitcly it has to saturate into an S sha|X»d 
curve, and adds, “If this pii ture of the 
qrc^wth curve is correct, then it has 
imporlani consequences for our inlerpre 
tation of the pK tuie of the world we live in 
It means that the /i/ienomenon of f/ie 
‘luic/ening gap’, whereby the rich oi 
industrialized nations gel richer much 
faster than the i''‘*‘>rer or k '.sindustnah/ed 
ones do, thus widening the’ gap between 
the two. IS (} /)ossi/ig one* Flu’ ninri* 
mdustnalized natuMis will, betore the* end 
of this e'entury and possibly within a 
couple of decades, reach a stale of 
satin ation and therefore the gap will 
narrow again as tlv piesentlv industrially 
underdeveloperf toui^lnes Ixcome in 


B.M. Udgaonkar 

dustnally develofied and then reach a stale 
of saturation themselves Wemavtherefoie 
expec t to see in the not too distant a future 
a world in which all its parts arc more or 
li»ss evenly industrialised, with social 
patterns based on modern tec hnology.." 

Bhabha seems to have been interested 
in the histc^riral determinants of develop 
men! and non development of science, 
from earhei years F or, at the opening of 
the fllK. he wrcjte tc^ Prime Minister 
Nehru, “1 have also had the idea that some 
day the Institute might render useful 
service to this country by carrying out 
research in the history oi Indian science If 
the contnbutions of India and the East to 
world sciejxe are to l>e systematically 
investigated and appreciated in their 
ixoper historical peispcfctive, it is neces 
sary that a gie<it deal of work on the 
history of Indian science should Ih^ done 
with Ihe proper modern scicntitK and 
c 1 itical outlook This is a subiect which the 
Institute' might i)(V»sihlv take up at M)me 
latc*t stage, if the prc'per pt*opie tf^ do the 
work 1 an he tound " 


Administration of science 

III tin interview, published in the 
Oi foher 196.3 issue ot Intornahonal 
SiFeot*’ cintf Trrhnoloqv, Bhabha was 
asked ’ Whal is your most serious 
problem'-^” and he gave "an answer which 
may surpnse many people--the right 
tKfministrative set-up Our administration 
IS not adapted to the requirements of the 


tecfinical age” He concluded the ICSU 
Address with the following remarks; "It is 
thought by many that we are reasonably 
advanced in administration but backward 
in science and technology This statement 
IS misleading We have fortunately inherited 
extremely competent administrative ser 
vices capable of dealing with all the types 
of administration which had to be ^alt 
with before Independence in what 
intended to be a static and underdeveloped 
economy Consequently, experience of the 
type of adminiblration needed for industry 
and for science and technology has been 
lacking The type of administration required 
for the growth of science and technology is 
quite different from the type of administra¬ 
tion required for the operation of industnal 
enterprises, and both of these are again 
quite different from the type of administra¬ 
tion required for suih matters as the 
preservation of law and order, administra¬ 
tion of justice, finance, and so on It is my 
[personal view, whkh is shared by many 
eminent foreign scientists, that the general 
absence of the proper administrative set- 
up for science is a bigger obstacle to the 
rapid growth of science and technology 
than the paucity of scientists and techno¬ 
logists. because a m«ijonty of the scientists 
and technologists we have are made less 
effective through the lack of the right type 
of administrative support The administra¬ 
tion of scientific research and development 
is an even more subtle matter than the 
administration of industrial enterprises, 
and 1 am convinced that it cannot be done 
on the basis of borrowed knowledge It 
must necessarily be done, as m the 
technologically advanced countries, by 
scientists and technologists themselves ” . 

In our country the responsibility for the ^ 
support of science has inevitably remained ' 
largely with the Government Bhabha 
envisaged that this would happen, even as 
he proposed the founding of TIPR to the 
Sir Dorabji Tata Trust But even in that 
letter m 1944, he found it necessary to 
emphasize that ‘TmarKial support from 
Government need not. however, entail 
Government lonlrt)!'*, and qiKited Prof 
A V Hill foi the British piactice where “a 
buffer of some kind is interposed to 
firevent Government support from be 
(. oming Government control” □ 


h(if IJJgannkat is uJi/h t/ie rht'<nfru alPhyStc s 
(Iroi/p, 7'ataInstituteuf FundamcntulResearch 
Bornbuv and is editor. Phvsics Nix/^'s He was^' 
earlier Scientifu Adinsn* to the Planning 
Cornrnisbitin 
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Components for the entertainment 
;From the Keltron supermarket. 


electronics industry. 


K6LTRON 

COMPONENTS 


THE 

ELECTRONICS 

SUPERMARKET 


Power transistors 

You name il we have i! Devices in R) 3 lO 
66 Fc - .V'dnd TO 18 Both NPN and f^NPlyoes 
Current capacity upto JO A Power ratings from 
146 MW to 150 W Voltage ratings from .’O v ii 
1500 V Tranoition frequency uplu ‘iM' MM/ .'TJ 
j}055 0U 205 2N J77J BD 1 IS.pr, 1 /. ever, 
BiJJ2e BU5 jd BU2a8D 

Resistors 

There s a lot more fu them tfian Mie ^"rii 
coating A high degree of vacuum pxtrj 
protection against climates lead puMing and 
nigh voltage tests high stability and U'w 
loniperature coeflicients computer control o\ 
gases and power tor strict adfierpni i W> 
specifications carbon film resisturs in 
, W and W power 


Regd Office □ Kerala State Electronics Development Corpoianon l id Keitron House 
60621 Telex 0884 273 KEDC iN Telegram ELECTRONIC 


Eiect roly tic capacitors 

f lide at Ifie biggest plant in all Asia In 
uli.itujMtiDn with Sprague the world s bn‘'.l 
' irnt in lh(‘field Result smaller si/es Low 
d'.. paliori Tighter controls for ripple current 
V ilirs OrtMler tolorancps A range from 0 4 7 
MM U) HU If 10 Mfd and upto 500 Volts LCSf) 

■ppr )v.i. 

Ceramic capacitors 

L 'rsigned to Withstand all c lirnatK vicssitudes 
Witi> higfi insulation resistance low dissipation 
■ II lor good dielectric strength and tjpefafmg 
Kit Hilly In a range of voltages tor both 
t^•m^;(‘MllJre c.ompensafing and f’ligh cjielectric 
' o''st.in! types 


7iSiijv.initia .jfn F'k.indrurn ♦,'15 i)fj 1 Folept’orie 

TrikavaKcess 
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, , ornmander Hemaketu spoke into 

L ' ‘" the channel that linked the 
reconnoitring space globes* 
*'What ate your first impressions?” 
“Ahhh what a vulgar planet we have 
landed ourselves on ” came the chorus of 
voices from the feedback “The humanoid 
bipeds have highly developed brains, no 
^doubt, but awcfully under utilised Social 
»i»^^|fture IS totally distorted and im 
'<jfMnanced Stupid waste of resources, 
heart-rending inequality Yet. the planet is 
I ich, very rich in resources But the people 
here seem to he unconcerned with 
lesource manaqc»ment There's one more 
horror that is unspeakable... is Dnyanama 
qna there^” 

“I am listening ” came the reply from the 
venerable old scientist 
“Oh Dnyanamagna, these humanoids 
kill each other in highly irrational rituals 
they call war," said the the leader of the 
sun/ey crafts in a voice choked with 
emotion “All Iheir science and technology 
IS bent to this evil purpose " 

The effect of all this on the Viplavans 
gathered in the control room was 
shattering Only Dnyanamagna found his 
voice “Their nuclear energ^/^ " he 
whispered 

“Yes there’s plenty," said the leader, 
“but they have not developed their wealth 
and resources from this source of energy 
We have sent you the details on films and 
tarx?s The main purpose of this energy is 
to destroy life and to create fear " 

“By Galaxy •" Dnyanamagna had 
never so regretted to find this guess 
proved corrert 

“By Universe, they are doomed 
J*^Hemakefu cru^d 

“Poor creatures They know not they 
are ignotant," Shandilya sighed 
“Don’t pitv them. Shandilya They are 
intelligent Theietorc they must be 
perverts to do such stupid thifigs," 
Vidyasarang said i oldly 

“Ah what's this ” the leader whistled 
and smiled bitterly “Ever since we went on 
radio, they have been after us But this is 
too much I will show you v^hat they ai e 
trying to do ’’ The leader pressed a button 
and the screens in the control room 
showed a cylindtical object pursuing his 
globe It was a strange boking. ponderous 
device, neithc*r an an craft nor a flying 
globe 

“This must be their destroyer.” 
Dnyanamagna said “My reading shows 
^that it IS packed with nuclear enera^," the 
“•^leader laughed “These people seem to he 
very adept at manufacturnig such things " 


"But why is It following you ? Why 
Hemaketu cried 

Don’t know' Monitor other probing 
globes and ycxi will find similar things 
tailing them " 

“But why"^ We don’t mean any harm to 
them How foolish they are' If half-a dozen 
of these Stupid things detonate, they'will 
loose then stratosphere and destroy their 
own planet It’s suicide'” 

"Well, it seems this is precisely their 
perversion ” 

“Stupid, mc*an cieatures," Hemaketu’s 
face was red with anger “I am ashamed to 
call them human " 

"Keep eluding them,” Hemaketu said 
"We shall make a decision in a few 
moments But don’t allow them to 
detonate That will harm these pour 
creatures themselves ” 

The commander turned to the panel of 
scientists and asked them with exaspera 
tion, “How long can we go on playing thus'’’ 

Wha! are they after'''” 

Dnyanamagna was scanning a data film 
in his computer His face turned while with 
horror 

"Mad perverts.” he iried in anguish 
“They do have a propensity for mass 
^umde, self flcstriic tioti " 

“What’s that Dnyanamagna'''*'Shandilya 
asked 

“Commander Hemaketu,” Dnyana 
magna said unhapr>ily. “ 1 pr(jpose an 
emergency resolution beferre tht' com 
mittee L.et's recall our probe gloiies and 
let’s leave this horrific planet immediately ” 

Shandilya, who was deep in thought, at 
last said in a calm voice “I understand 
your revulsion, Vidyasarang and Dnyana 
magna In fact, my immediate reaction was 
similar, leave the planel' Their contact 
might corrupt us But on scLond thoughts 
should we leave these deluded under 
developed creatures, the only humanoids 
we have found after centuries of seeking, 
our brother species, if I may say so, on the 
brink* of extinction'^ Have pity, Hemaketu 
They are bipeds, humims They may be 
ioolish But they are humans like us 
Dnyanamagna. don’t forget Don’t we 
have any duty towards our misguided 
brethren on this l^eautiful planet^ What 
are we goitig to tell our people on Viplava 
when we return‘d 

Shandilya was warming up and he would 
have gone on but for an interiuption from 
an emergency signal There was some 
commotion outside the control rcKim The 
commander activated the screen and was 
surprised by what he saw. 

In the darkness of the forest, a youthful 


Arun Sadhu 
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humanoid was gesticulating frenziedly.FU^ 
had a flash light in his hand which he wail; 
flashing in all directions. He could 
obviously not see the spaceship. But hia 
actions indicated he knew there was an 
invisibility shield ahead of him 
"By Galaxy," Hemaketu exclaimed 
“Whal does he wanf*'" 

“Isn’t he the same person, the younger 
one, who came in that flying machine?” 
said someone 

“Can you make out Dnyanamagna?, 
What docs he want^” Shandilya inquired. 

Dnyanamagna concentrated on the 
boy’s face for some moments, scrutinised > 
his eyes carefully and said, “1 think, he haS' 
peaceful inicntioiis He wants to commu-' 
nicate with us and wants to be let in ” 

The young biped was, of course, 
Pankshit Bhasme* ^ • 

arikshit did not believe in defeat He* 
had to surmount any problem he 
encountered He was used to them all. 
Having been brought up in a children’s 
home after being discovered as an infant 
near a garbage dump it was by the forceof 
his will-power that he had come up. Of 
course, there was his extra-ordinary 
mental power, too.... 

Parik.shit was unaffected by the frenzy 
that followed the sighting of hundreds of 
those mysterious speeding globes There 
was 'a total bedlam on the earth. 
Hysterical mobs ran aimlessly looking at 
the sky fearfully Some people stood 
petrified Others went on to orgiastic 
binges Nobody knew how many of those 
strange globes were up in the sky. Even 
more mysienous was their purpose. As 
panic spread through the great metro- 
pcilises of the world, military leaders of 
sur)er powers contacted each other on hot 
'ines to confirm that eaith nations were 
not involved with the UFO’s It was only a 
formality Because the globes seemed so 
arivanced that it required no ipecial 
wisdom to grasp that no technology on 
earth could have produced them Their 
perfectly spherical shapes, the unimagi 
nable speed, their manoeuvrability, 
absence of heat emission—everything 
evoked awe and terror 
It was only after the glolxjs broke the 
radio silence that earthmen acted Half of 
the air force planes in the world dived in 
the sky within moments Soon, it became 
clear that the planes were useless And so, 
without any consultation, as if by a 
unanimous reflex, the fatal buttons were 
pushed, ironically, the nuclear missiles 
were launched to “save" the earth from the 
extra-terrestrials' 
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“We don’t want to destroy 4unuihity“ 
here. Our Viplavan culture is based on 
love, intelligence and order. Violence has 
no place in it” 


Whdt follow/ed next was dii dwe^ome 
spectacle never before witnessed on the 
esarth. People stopped running and looked 
r/4lit the sky holding their breadth Some 
; Wnted, others shr>uted in delirium ond 
many were aghast at the implications of 
'.what they saw Not all on the earth could 
see what was hapiK’ning But many did A 
globe or two moved about the sky swiftly 
Soon a whale shaped giant missile followed 
probably lotked on to its target The 
globoh would wait teasingly, motionless, in 
the sky But before the missile could hit 
them, they would swiftly turn, change the 
direction and speed away These heavy 
missiles, not as agile and swift as the tiny 
globes followed thunderously It was a 
funny chase, not without grim humour 
Like a tipsy fat alcoholic pursuing a 
playful child The sluggish missiles would 
never catch up with the globe, it was 
ribvious And what if a missile missed a 
globe and fell t»n the earth The world was 
moving towards a catastrophe How long 
would this dreadful i base go on and where 
would It iMid*^ The world wailed 
tremulously 

A stVmned Parikshit was brought into 
the control rooni He blinked at the 
bnghtly ht panels .ind the video sc reens 
around him as he was led to a seat 
opposite the panelists Kalpaksha placed a 
garland-likc cliain round his nc^ck and 
pressed a button Suddenly. Parikshit 
began comprehending what was going 
about It was a machine that facilitated 
telepathic rommunuation The [)anelists 
scrutinised him Pankshit was confused 
but not scared He flashed his eyes 
cuiKiUsly ai^cjund, on the wails, on the 
screens, at the i ornputers and thc^ faces of 
the scientists and other crew members 
He was lired hiil enphor ic It was a historic 
cnrountc*r. the* fust betwi*en alien^i and 
earthlings And what was f*ven more 
astounding, -they were meeting in tlie 
fourth dimension, whene earth time £ind 
space were warped Of course^, the aliens 
looked )ust like humans Except that thenr 
skin had a bluish fluorescent tinge, their 
foreheads were larger, the hridies taller 
and more slender and they wore strange, 
unearthly apparel There was love and 
goodwill in thcMr eyes Parikshit knew 
instantly they meant nt) harm He relaxed 

"My friend,” Hemaketu began "Do you 
understand what I say'-^ Wc are friends " A 
strange melodious language But sutpn 
singly, Parikshit understood “We are the 
inhabitants of what you should call the 
Swastika constellation, 1,500 light years 
from here I welcome you on behalf of my 


pc’ople on this great ship " 

“On behalf of my earth people, I too 
welcome you and your people," Parikshit 
repKed hastily. 

Hemaketu gestured at the screen and 
said sadly, "Yes, this seems to be your 
fK’ople's way of welcoming us " 

Parikshit s eyes dropped* “They arc not 
people But anyway, 1 won’t argue What 
are you going to do aliout it? This is 
horrible Oiir planet is in a chaos ?*’ 
"Don’t he upset my boy.” Dnyana- 
magna whispered “We can keep i1 
harmlessly for some time But before that, 
tell us, how did you know we were here 
and what do you want '*’’ 

“But do something about this sir, fast,” 
Parikshit crxild not restrain himself, 
"These are nuclear weapons " Then he 
remembered Dnyananiagna's question 
and said, “Distortion of space in fourth 
dimension That’s why you arc invisible to 
us Right^’’ 

"By galaxy!" Hemaketu exclaimed 
"How far has this concept been 
developed here. Pankshit'^” asked 
Shandilya Apparently, the telepathy 
machine communicated names und 
history of the subject also 
“Nothing Some people may have a 
vague concept 1 don't know But I had 

been working on the mathematics." 

"Remarkable 

“I would like to learn many things from 
you But of that later First tell me how 
you can save us from doom ” 

"Yf)ur own people are responsible for 
this situation, Parikshit You unleashed 
your barbaric weapons without the 
courtesy of inquiring ” Hemaketu said 
with a touch of regret 

“We can discuss these issues later. 
HtMiiakelu,’’ said Shandilya “We have to 
convey onr decision lo our probe squads 
We must also consider Dnyananiagna’s 
proposal iininediately Lett’s come to the 
[joint. Parikshit We have to de< ide what is 
to be done of these killing things*They 
raniio! haim O'* But they tan Lerlainly 
destiny you it we lake off just now But we 
don't uanf t«i de'-lroy the humanity here 
Oui V/ijilavan < uliure is based cm love. 
intelligiMKe and firrler V/ioleiue has no 
[iLce in It 

“We i.in liee^ic* ihein, render them dead 
and dump them into the sea Rut will that 
straighten the mess your civilisation has 
made''* T ell us. you as representative of the 
living heinc|s on this planet, whal more can 
we df» You are intelligent and surely you 
would know how to save your civilisation ” 
Pankshit was overwhelmed by the 


responsibility placed on him as the sok' 
representative of the planet His throat 
went dry for a few moments. Then h< 
realis'd that these noble humans were jusi 
pcxiple They would not harm the earth 
Actually, there wa.s no responsibility on 
him He licked his lips and said defercntiallv 
“Shandilya, Dnyanamagna, Hemaketu 
and the noble people of Viplava You an* 
Hist and pious and pure of heart ]|f()u i 
know fully well what you should do hen* 
And yet. I would like to make a request 
But before that, please, end this game 
before it becomes too late 

"Ycjii arc.* right " Shandilya said 
“Hemakelii Inst met fill our probers to 
freeve those things and hurl them into 
subspaLc Ask them lo be careful and noi 
lo allow any of those weaixins to 
explode Now Pankshit, what do you 
have to sav'^*’ 

hat fateful day is remembered by 
generations of earthmen Those 
strange globes and their swift movements 
The terrible fear of the unknown But a*- 
the celestial chase continued for somi> 
lime, a subtle change occurred in the 
mood of the* people Though in panic 
pc’ople thrc'w furtive glances at the sky 
Soon they t'ould discern a calciilaleci 
fiaMi^rn in the movements of the globes 
Those extra teiieslrial objecIs were nol ai 
all fearsome^ On the c ontraiy. they looked 
shapely, sleek and beautilul Cornpdrecl lo 
ihem. the earthly missiles w'cre disgust 
ingly ugly and vulgar Their ear splitting 
din and their fiery aura and what would 
h.ippen when they ran out of then hiel^ 
Their noses bore* nuclc^ar bombs, k arriers 
of death and destiiiction It dawned on the 
people that they ought to fear those ugly^ 
missiles and nol I hose transparent globes 

And now the people could also guess 
the motive Ix'hind the playful movements 
of those globes It was not difficult for the 
globes to lead the missiles away find nu-k** 
tfiem hit the earth But the glolx’s scxmied 
to be I'onscientioubly avoiding such 
mishaps These were well intcntioned 
manoeuvres The people began to admire 
the globes and hate the missiles 

The next phase of the drama began A 
globe circling over London suddenly 
flashed beams of violet light onto the 
missile on its tail The fiery trail of the 
missile vanished The globe hauled the 
weapon away from the city into oblivion 
People cheered. 

Within minutes the sky was cleared of all 
those missiles Silence enveloped thtj^ 
skies But the' globes were still there, 
undaunted and victorious 
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S(»<>n thcMr movcnK'Mls U'tanu* t k-cir In 
VVtishiiiyt(»ii. two qlobt*s sl.itioiK'd tlu*?n 
-i*lv€»s cihcmt <1 hundrt'd nn*f!<»s ol»o».r ilu* 
VVhiltf Hfiirsi* Tlic' two huincin ln^uri*s 
IP thrrn Wfn* iIimiIv visihli* Thr 
.;.»hr‘' ‘'tMit Ihmips >il plcasciiit Im'i'’ .11 
ititi'tv'iiK liki' fl.ishinq of nvi* luK 
^^Mu• of rhr qiunds pi ilv pri*sid»*nt'.il 
Hitic’d to Till'll* ihi'ir wcMpini-- 
Mf»stow iIk' !nnf*r F'.iI.m i* in 
4K^t>4ir P«irlitinu*nl Hf)usc m loiirin'.i 
s.i!Ms^id Bh.iv'.in in IVlhi I I'l Amv 
i i).' o PcHis F^onn .ill ihn world- 
. *ind .ill milit.io, 4*sf.il>lishmiMiK h.icl 

ilifs sl.ihoMfd over Ihnni .is il kiM'pinq ,i 
...iM* WiiU h T}K*y wi’n* niotionli’-^s ,inH 
in. Iiqiiifs II' tlH*m l«>o did not tnovi* A 
ti ..sivi* hush ffll oi. ihi’ I'.iilh Pfoi'ln 
! «* fil'd with ff.ir 


I\irikshit wdtchc'd thf siiei-ns with 
■ '.frwFidmmg rclitd cis MonidkcMu diid 
Sliundilya nionitoicd the sc‘t to fiisurf thiU 
till' ptnbe squads folinwi'd instrui.liiins 
(.iiflullv Ihi»n Shandilvii turiu'd low.iids 
f'rwikshif, 

V thori^ you art* Your pl.int't is 

c.ifi'" Ilu* Irlepathy rncuhinc* worked 
smoothly 

‘I know, sii," Parikshil said witn 
.inquish "You arr diiqiy at our Kiib.iiu 
ufilisdiioii and yiiu would prt*ft'i to l«*.ivc* 
ifiis plancM soon Is that ii)rn*it''" 
“Immodkitcly Not surin,’’ Kalpiiksh.^ 
! -or101*ted 

"Rodlly' A giedl disiippointmont,” 
ShandilytA lomarkod luolully "Evon tho 
wildest ciniinals on (jut Viijlav.i losoit to 
■•ilonco only wiU'ii .ih‘.olutfl'v nfl■^'s^all, 
And I think, thf wild .inini.ils on this 
nl.inot wh.it cl< youcallit Farth'^ follow 
'sisii luiiK'iplf of naturi* Oilv yoiii 
^^/'•^h hi|ii'ds si'fin to h.iv«* .istray 

Vidyasdi.iiiq I think it will lx* yre.it 
fdui.ition for iis if we « oiild jjinfioini .it 
ti.it stiiye ol fV'olution iFii* biped here 
look this yulq.n i our-.i’ *' • 

"Ah And to think we set so nxiniw 
‘ oix's oil this pi,met " Dny.in.ini.iqiv was 
'sheartened "Ihe only iniclliqent 
’‘‘.itiite the only [>ii>edwi taineai ross in 
'111 quest of (.enluries spaiiniiif so many 
■"i.ii s and galaxies And I cannot even loathe 
':u*se people A’flei ail they a»e humans 
f'sit they are doomed suu id.il I (inly pity 
"'em 

Shandily.i, though i rushed with dis 
■ppotnlmenl, kept his head tool 
“Let’s not make haste,” he said “This 
^'oy wants to tell us something*” 

^ iJfarikshit was overcome with shame 
wer before had he looked at his own 
' vilisation in such a harsh light There was 



no doubt. It was odius. loathsome and 
doomed W.is there no way oul''^ Couldn't 
It he saved from destruction Coufrfn’l it be 
made sanei ^ Who ct»ulddolliat''^ Wlioelse 
F>ut these noble people from V/iplava, 
nni orriipied and purr of heart He must 
spe.ik out 

'I i.in perfectly undeTsland y(.njr 
rfvulsion." he said 

"You .ire .111 enlightened one it seems.” 
Sh.mililya saitl 

“1 am nut .ilone believe me “ Parikshil's 
lonfideme h.iil letnrned And he tell I'u 
inhibition III sp.eakiMq l(i these sa|Menl 
peujilf riu'v would undeisl.ind him lully 
he f me Sli.ipdily.i Hemaketu 
F^iyaiiamagna Then* are millions of people 
on this eaith who loathe this inhuman 
pe'.ii-ihfs ol OUT i iMli“„ilion 'line 
' lolfiH f I'- .III ii'^ep.ii.iblc' parr oi (H.i mas-^ 
psyi hohiqy F^ur aMo\'erwhelniin‘jrii,i|ori1y 
of our peofile are against wai, they loathe 
tii.is^. viuleiiie they hate inequ.ilily .mil 
they ,ire .iqainst e\|jloilalKii. 1 hey U-lieve 
that withproiiei rnaiiageineni ofiesonnes 
and t.ilents we i ould tiansloim out [jl.met 
into a p.ir.idise We have oiq.'nisatioiis 
yvhit h oppose vAvapons nui li'.ii .inns and 
wliic h tutht .iq.iinst ineiiii.ilili and (*\plo]ta 
lion FMease do not lanv thi* impression 
that all oiM people .ii»i»royi' ol this Hnod 
thirsty and e\ploitatiy'e sm lai and politu .il 
system I he liuman beiims here aie bo'ind 
in .1 tia|) of then own makiiu} We i an 
Fueak this tr.i|) if .ni o|jportunity oiiuis 
And 1 think you iiobu* VApla^aiis «an 
provide this qolden • opimituimv 
Sh.iiidily.i, I .ipiH'.il to you on behalf ol all 
sane eaithmen to hel[- us 

‘Fk'fore you lisiye tins planet qran' me .t 
sm.ill request 

"(loahe.id iny Imi ' Sh.intlily.i said Ins 
voii e heavy with love .ind [veiy his smile 
leassiitiiiq “ 1**11 us. whatever's in the best 
interest ol humiinily and the entire lile on 
your planet 

The contKJl room was (juiet when 
Parikshil clcMied his throat Outside too, a 
great silence, loaded with expectation, had 
enveloped I he earth 


A supern.il unearthly voice, divine 
and celestial It Furd a sweet male 
robustness, a resounding dimension of a 
great waterfall and freshness ol a mountain 
spring The woi ds c omposed a mysterious 
music which lifted the heart and soothed 
the nerv'es It was a voice of knowledge 
and understanding, which carried a 
heavenly melody, full of love and virtue. It 
was not diluted hy the perversities of the 
earthly noises and sounds There was no 
trace of greed, no violence in it nor the 
earthly ciueltv which sponsored human 
inequality It was a pure, unpolluted voice 
The melodies the earth had never heard, 
spieading the fiagrame of love and piety, 
understanding and sanity A roassiiring 
voice 

The voice rolled over the radio waves 
and billions of people listened to it in rapt 
attention with awe The TV screens 
showed only those statioii.iiv globe No 
human figure spoke 
In London,Beijing, Paris.Rumc.Taipeh. 

I agos, Rio de .Janeiro, Havana, New 
Delhi, B(^nn, Stockholm. Manila, Geneva. 
Cairo, Jakarta, Amsterdam, Tel Aviv 
eveiywFiere tbe government leaders 
heard the voire in fearful silence 
Hemaketu spoke 

"You call It the Swastika constellation in 
your southern hemisphere (Jur Sun, 
Mihir, IS the lowermost in it. alxjut 1,500 
light years from you It compares well with 
your Sun and so does our mother planet. 
Vrplava. with your varth 

"F'riends, Icjr centuries we have Ix'en 
searching fur intelligent life* in this infinite 
universe We know the science of space 
travel, and distance poses no t>roblem for 
us Our spaceships, which i an span sp.3ce 
and time with incredible sviei^d, have 
I ornhed the* univeise in the ciuest for life 
We did (*nc ou'iler m.mv life forms But the 
first intelligent humtin (ivilisation found 
outside oui planetary system is on v uir 
earth Yiiu c an iin.iqine our exhilaration at 
our discovery Vipla'snis will rejoice when 
we return to give them the news 
l.f*neliness is not confined to individuals 
tiloiie, rny friends The* enminous feeling 
that they arc* the only human rai c* in this 
vast universe rs far mi^re poignant and 
disconcerting than tFii* personal .iqciny of 
loneliness Your existence, friends, there 
fore, IS reassuring to us Viplavans 

"And what we find here when we 
arrived^ We are shoe ked. friends, I must 
say What are we going f o repi n^f when we 
go back^ Our people may not believe us 
Because Ih^y cannot imagine that a 
human civilisation could be so 


SCIENCE TODAY, NOVEMBER 1984 67 




“We were aghast at your folly and we 
decided to return immediately so as to 
avoid contact with your civilisation” 


degen«rat«, distorted and ii responsible 

**Pieopie of the earth, your planet is rich 
with natural resources, perhaps richer 
than our Viplava. We feel a deep sorrow 
that you humans arc squandering these 
resources most irresponsibly and speeding 
on a suicidal course It is beyond our 
comprehension that a planet so rich can 
breed a civilisation so base and mean, 
based on exploitation, violence and 
inequality There is something basically 
wrong with your evolution, friends No life 
form on any of the planets we encountered 
was so n reverent of life and nature 

Millions of human hearts on the earth 
responded to Hemaketu's words with 
empathy He expressed the grief and 
desperation of the overwhelming maionty 
of the human race People shouted with 
joy* “Hemakctu. long live Hemaketu, long 
live Viplavans...." 

“Friends ” Hemaketu’s musical voice 
rolled over the radio waves “We came 
here from 1,500 light years, with a song of 
love on our lips Perhaps, in this infinite 
universe, there are thousands of planets 
like ours harbouring even more advanced 
civilisatiQns But till we find them, we are 
the only two human civilisations for 
company And brothers, how did you 
welcome us? With your nuclear weapons'!^ 

Is It a human reaction*^ 

“Weapons bombs, war, bloodshed, 
mass-killings, murder, treachery these 
are alien words to us Our screening 
computers picked tht*m and taught us 
Their meanings are disturbing Indeed, 
your civilisation defies the very prwess of 
natural evolution where biped human is 
the ultimate produi t of the nature Nature 
creates man to understand itself r>o that 
man can soar higher and become cjne unto 
nature and comprehend it in its totality 
And you spite nature . 

Hemaketu breathed deeply, his exhala 
tion carried by radio waves to the 
carthmen like a tresh whiff of air from the 
distant stais The people too sighed 

“F nends ” Hemakefu continued, “and 
note that we still tall you fni'nds Your 
resouices aie so ric h that your planet i an 
sustain ten tunes your present population 
comfoitably Use youi lalents .md 
resources wisely 

“We were aghast at your folly and we 
had dei ided return immediately so as to 
avoid contact with your civilisation And 
you unleashed your destructive wearxjnry 
on us Ah what petty pride ignorant 
arrogance and vain glory 

There was an edge of ^nger and 
contempt to Hcfi^etu's words It made 
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the military leaders and statesmen of the 
earth tremble with fear. What will these 
mighty aliens do? Revenge^ Retribution? 

“Hear. hear spontaneous shouts 
rose from anti-nuclear groups on the 
streets “Teach them a lesson, show 
them “ 

“F'or us. your mighty weapons are petty 
little things, absolutely harmless We could 
easily have turned them on you to destroy 
you But our civilisation abhors violence 
and destruction “ 

The anger had vanished and Hemaketu 
was cool again “We are leaving you now, 
disillusioned and shocked, to report to our 
mother planet A depressing task Rut 
before we go, we shall like to teach you a 
lesson, to correct things to the extent we 
can 

Was the last sentence a warning"^ Was 
the earth doomed*? Many fainted at 
these words But no. these aliens are 
noble And didn’t they say they did not 
believe in violence’ 

Hemaketu continued, “It’s dangerous to 
keep nuclear weapons in your hands It 
might endaiTger the entire universe some 
day We know, you still have plenty of 
stocks Our probing globes st.itioned 
above the maior cities, seals ot your 
governments and military installalions. 
have all the data ready Tho weapons still 
remaining in your irresponsible hands can 
destroy this planet many times over 

The voice abruptly stopped and a 
deal hly sileiu e prevailed on ecU th for some 
moments Immediately, the crowds broke 
in to shout s]r3gans “Zindaliad zindabad 

Viplavans ^indabad ’’ “ “Down with 
niu lear vampires “ 

The mood was volatile The rulers had 
no option Even before they could make 
formal decisions, the militfiry personnel 
had begun throwing their caps and ribbons 
and leaving the installations Submannes 
surfaced to let out life boats. i ontinuous 
alert planes flying in I he sky began landing 
hastily, armies of life h(jats sprang around 
the warships • 

Fxaedy in an hour, the sltitely gkilies 
unlci^shed their sileni fiiewoiks The 
globes trained I heir red, violet and white 
light beams on mililary and nuclear 
installations, on warships and nuclear silos 
t<i destroy them noiselessly and harm¬ 
lessly It was a vastly reassuring sight 
which made humanity heave a 
collective sigh of relief 

HE dark night was full of stars The 
sky above was busy with action 
General Fernandes and Pamela watched 
the sky for a good part of an hour and then 

1984 


Pamela stood up “Now. General. Wp 
must go " 

By the time, Pamela, Fernandes .iPd^ 
their two guards reached the edge of ilip 
forest, the bright planet of Venus on ihp, 
eastern hori?on had dimmed and thi>r(> 
was a faint suggestion of a pink dawr 
beyond the trc'cs But down in the iunglr, n j 
was still dark General Fernandes flasilvdj 
his light into the thick forest anc( f'rie(i| 
excitedly I 

“It’s gone, Pamy the forest is as it was i 
It knows the alignment of trees Didn’i I 
tell you Pamy, that boy is a genius... ’ 
Pamela brightened They set out agan | 
more confidently flashing the lights Thr | 
air was cool and refreshing The pink sUv ; 
was now visible in patches from the jungle '• 
“There it is the plain Ah him i 
beautiful “ 

General Fernandes ran ahead Parui, 
and the guards (fallowed The open 
grassland glowed in the faint pink .mil 
violet hue of the early morning The oew 
drop'j sparkled like mellow pearls on »lv 
grass blades A strange but scjothing 
grance pervad'd the atmosphere And at rlw 
centre of the oval sfiaped ground a smal' 
dark figure was disLernible 

“Parikshit. ’’ Fernandes shouted and 
began running in spite of his age 

Exactly at the centre, a bmad column ol 
earth, about a metre tall, jutted out of thf 
ground with narrow groves over ii 
Parikshit slept blissfully against it He had d 
sweetly patterned multi coloured blaA*i 
on him, a strcinge thing the like of whit h 
neither Pamela noi Fernandes had evei 
seen Another strange object was ,i 
spherical box, made of an unknown metal, 
synthetic or otherwise, which emanate^ a | 
strange but pleasing combination •>!• 
melodies never heard 
“Parikshit, my bt^y you are safe 
Pamela hugged him warmly 
“You are simply greal, boy ’’ General 
F^ernandes patted him on the back trying 
to fight back his tears The guards stcxul 
smilingly 

“You need not have taken the !rouble, 
aunty It’s so chilly here ” Parikshit said 
with embarrassment 
General F'ernandes looked at the 
spherical box with curiosity Parikshit 
lifted it casually 

“A baby computer with Viplavan music, 
a present from Hemaketu” 

“Ah, Viplava ” The old couple 
exclaimed in unison with awe and 
reverence 

'I 

—Concluded 








EClL's proven range of 
Analytical Instruments 


... for accurate 
and reliable 
chemical analysis. 


r-> 


Atomic Absorption Spectro* 
photometer AAS4103 

Employs a high resolution single 
beam grating monochromator 
optics 



Features. 

• Modular design on optical rail 

• Digital readout of absorbance 
transmittance concentration 




EClL's range of Analytical 
Instruments, designed and 
manufactured to high standards, 
undergo several rigorous tests 
to ensure flawless performance 
These rugged, reliable and 
precision-engineered instru* 
ments perform to their rated 
specifications and find applica¬ 
tion in research and industry. 



Digital Spectrophotometer 
GS5700 

Wavelength range 340 to 950 nm 



• Single beam grating 
monochromator 

• High sensitive phototubes 
(Blue and Red) as detectors 
premounted with selector knob 


Digital pH Meter PH 5651. 


otters an accuracy ot 0 01 pH 
throughout the range 



• Digital I ED display 

• High degree ot accuracy 

• Range 0 to 14 pH and 
0 to ♦ 1999 mv 

• Readout —Digital LED display 


Mercury Analyser MA5800A 

Offers a measuring range of 20to 
200ng in solutions 



Features: 

• Determination of rnercury in 
nanograms 

• Cold vapour atomic absorption 
technique 


Spectrophotometer GS8650 

Covers the ultraviolet and visible 
spectrum from 200 to 650 nm 
extendable to 930 nm 



Features; 

• High resolution single beam 
grating monochromator 

• High sensitive Photomultiplier 
ao radiation detector 


Fluorometer FL6209 

Fluorescence from 1 ppm quinine 
sulphate in 0 IN sulphuric acid 
(primary 366 nm) 
produces full scale voltage 



• Mercury lamp as radiation 
source 

• High sensitive photomultiplier 
detector 

• 5 digit digital display 
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Resources for tomorrow 


. ; ukaram. the saint poet of Maha- 
' ' rashtra. describes the likes of him as 

“servants of God, softer than wax 
hut also harder than the hardest of 
Indra's thunder bolts, al ihe time of need'’ 
Molybdenum fills the* hi) appropilately Its 
addition to sioel makes the latter super 
hard while ir^ <iimpound with sulphur 
serves as an ultrasoft ,ill weather lubricant 
Further, it is so humble and unpretentious 
that hundreds of its (lakes piled one over 
the olhei will onlv nianaqe to form a 
modest stack, one micron (0 0001 im) 
thick As if this IS not sufficient, traces of 
this metal plav an import«int mle in 
susraininq life byheltnngsoil bacteria in Ihe 
process of nitrogen fixation and protein 
synthesis Prohablv. that is whv this saint 
among metals is so scarce Its abundance 
in the earth’s crust is onlv 0 (XX)3 per ermt 

The element 

The element was dismvered by the 
Swedish chemist Si heeU* in 1778 and 
named molybdenum after rhi* Greek word 


mnk'hdns (meaning lead) bei aiisc» <il the 
citise resemblance of its mirv’iiil moKbde 
nife with Ihe lead mineral galenite Like 
lead If can he used to write and draw it 
leaves a qreem‘'hgTev Irai e on piiper 
Even lOfLrv mnlvhdo^ m (iieek meiins a 
pencil A few years Liter in 1783 his 
colleague Hjelm sin ceedi’d in exitaclirui 
the metal in powder form Lirgelv i ontiinii 
nated bv its carbide It temk more than 
hundred y^^art. before it could heobi.nned 
m |)ure form The first molybdenum 
filament was produced in 1SX)7 I (ir rriiini 
years, the metal could not b«' subii-tfed lo 
any mcc hanical tieatrnent because* of its 
brittleness It was later re.ilised ih.il the 
brittleness Wiis t aused by the* presence of 
traces of oxygen oi nilnu^cMi But when 
cibtaineci in fuire form, it w*is found lobe 
fairly duitiU* and extremely hard as well 

Product ion 

Hie most common ore is the sul[)hide 
.molybdenite Mc’iS The largest .mdru best 
derrosits oc*( ur at Climax CoKnado in the 
USA accounting lor about 70 per cent ol 
Ihe free world production Canada and 
Chile are other imfx^rtan! free world 
sources In Ihe USSR, large deposits were 
discoy'eied in 1934 in the North Caucasus 


The ores generally contain relatively 
small amounts of inoly sulphide They are 
concentrated by tlie froth floatation process 
and toasted to give crude molybdenum 
Irioxide The action of aqueous ammonia 
conver Is it to ammonium molybdate which 
on suhsequent heating yields the pure 
oxifie The oxide is luither lediiced by 
hydrogen to produce the rnel.il in powdei 
form The powder is converted to the 
massive state by t)owdei metallurgu al 
lechriuiue Heie. the powder \s com 
pressed hydniulirally in dies at 30000 to 
400fXi psi and is heated c’lec Inc ally al 
2200 2300'’C m an atmc'sphc're of Irydro 

Till the beginning of this century, Ihe 
m^’tal had j>ia( tiially no demand and tlie 
produc tion was only 10 Ions in 1900, but it 
suddenly went up by about 5i0 times during 
Ihe f'irst World War Most of us are familiar 
with Ihe story oi atornic energy during the 
Second World War huropean scientists 
who had emigiated to Ihe U S feared lhal 
Cjetniariy was on the verge of making a 
devastating weapon based on nuclear 
fission Fhc'ii fears later proved uniounded 
bill gave enough impetus for USA to 
produce the atom oomb and subscfquently, 
harness this energy for peaceful purposes 


A similar situation occuicd during the Fii si 
World War The I rench positions were 
fv.*ing mercilessly pounded by German 
artillery composed of the Big Bertha a 98 
ton howit/er named after Ihe obese wife of 
Its maker, Gustav Krupp von Bohlen Allied 
iMtelligeriLe received refiorts iKil the 
Kru[)ps were using molysteel for the Bic 
Bertha gun barrels This prompted USA tc- 
move fast for developing sources ant' 
reseaiclung effects of allc'yng steel witf* 
molybdenum The intelligence repi'rN 
cA.'erp subsequently found to be untrue but 
the imiwlus !oi molybilenum nlilisation 
was amply |irovided Tlie produt lion of the 
metal rose sharply duiing the second 
World War and, by 1943. reached .30.0(X) 
tons It would, thus be very temfihng to 
designate molylxJenum simply as ii "mar 
tial” metal* 

The metal 

The metal is highly leftcK lory It melts al 
2610®C and its (estimated) boiling point is 
5)560"C It IS not affected by oxygen at 
ordinary temperatures but combines with 
It readily at higher temr^eiaUircs (>600®C) 
lo form the trioxide A protective thin 
coating of MoSi^, however, confers^ 
outstanding resistance to oxidation evef^ 
upio IbSO’C Because of its permanent 
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silver white lustre, the metal can success 
fully imitate the king of metals, platinum In 
lewellery it can be a reliable substitute for 
platinum because of its ease of woi kabiiity 
and significantly lower cost Molybdenum 
wire can replace platinum for winding 
electrical resistance furnaces wheie the 
heating is quicker and temperature 
(■ 2200“C) Owing to 
melting fioinl and low expansK)n 
lfi:4elficient, it is widely used in electron and 
X ray tubes and foi making filament 
holders in common electric lamps 


Compounds 

The most important compound is 
obviously molybdenum sulphide with ii. 
outstanding lubric ating properties It owes 
Its lubricity to a graphite type layered 
lattice in which the leix’aling unit is a 
Siindwtch structuie consisting of a 
hexagonal sheet of siilphur atoms The 
loices between these sandwich layers are 
lelatively weak so that cleavage and 
sheai between «jdjac enl laminae art* 




f'r • c* ' * 

»/6m m'mmi'Std 



torn- 

'■■»v4\ ''tw';M q ‘ content' 
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Molybdenum is soft as a petal yet hard as steel 


extremely cMsy It ( an be* utilised as a drv 
film lutnii ant oi added to greases nr oils m 
suspension It' improve their lubiicating 
properties It is stable under a v»jiiety of 
cnviionmental conditions and is id<*alk 
suited for space applications Certain 
critical components of the vehicle that 
landed the first man on the Moon in 1969 
were lubiicated by molysuliihide 

The applications of molybdenum com 
pounds hace inci eased substaniially ovei 
the last fifteen yeais in a number of new 
areas They include i al.ilysis (for (<»ncei 
sion ol coiil tti cMsoliiie), pinleitive 
coatings, inhibitive pigrnenis and flame oi 
snujke retardanis 

The holufion chemistry 

The chemistry of mulyt'deniun i*^ 
probably the most complicated of .dl die 
elemc'its 1 he reason for ihi'- is tiui'e foM 
(i) the element ».an evis; in a numher ol 
cixidation states the most commoii IxMug 
III, IV, V and VI. (ii) the most common ion 
in alkaline mc'dinni is MgO hut on slight 
ondi^caction, it undergoes extensive* poly 
merisalion One of the important ptrly 
meric species is the ii.uarnolyhdate h m and 
its ammonium salt (NHi)i Mg-O j 4HO 
The mechanism of polymerisation is 
similar to the conversion of the chromate ion 
to dichromate in an acid medium except that 
the latter process does not proceed 
beyond the dirnerisation stage, (in) in 
addition to these isopolymolybdates, it 


readily forms heteroiMilymolybdales in the 
pi eseric e of other owanions like PO and 
SiO' As many as 3S elements are known 
to lake Piirt in hcden^polyanion formation 
The heteropolymolybdafes have immense 
analytical importance The yellow preri 
pitate of ammonium phosphoniolyhdate is 
commonly used for c|u<ilitative identifica¬ 
tion and c|uanti?iilive estimation of phos¬ 
phorus Many of these, on selective 
rediu til in exhibit intense blue < oloursand 
Form the basis fr^r the colounmetnc 
esiiination of traces of the heteroatorns 
fe •! siIk on) Some of the heteropoly¬ 
molybdates .ire also potent mI candidates 
for icjn exchange separations Such 
inorqanii ion c'xchangers an* Ix*tier suited 
lor i.iduiactive environment, where the 
I ominonly used oigtinic exchangers suffer 
radiation and high tempera!uie degra 
elation 

Molysfeel 

rhe piidt* of place in the market of 
modem civilisation undoubtedly gcjes to 
steel The |)cr capita production of steel is 
a sure indicator of a muniry’s prc^giess 
and prosperity It assures a nation s victory 
in war and plenty ir peac e The hislory of 
mcxiern Europe was shaped not so muc h 
by its fKiliticians as by steelmdlc€*rs like 
Krupps and Vic ker s A notc^d hisPinan has 
asc'ribed the success of F^ama not to the 
justness of his cause but to the sharpness 
of his sleM tipped arrows! In its efforts to 
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^ improve its qualities dndenhcinrp it surilifv. 
Steel has picked up nuirieroim allies and 
-made many fnc^nds They ‘'re. to ntinic i\ 
V few, manganese, nn kel. chromium and 
'^tungsten Molybdenum has. hwn a recent 
and highly beneficial addition to this list So 
"■ much so that seivice to steel as a valuable 
^ alloying element has remained its primary 
■, and principal task Practically 90 per cent 
,, of molybdenum produced in the world rs 
' .consumed for this purpose by the special 
• Steel industry 

• The mam advantage is the extreme 
hardness it can impart to steel without in 
any way increasing its brittleness Moiy 
steel (a favourite short form used by 
t metallurgists) is therefore ideally suited for 
armour plates During the first world war, 
the first British and French tanks made 
from hard but brittle manganese steel were 
easily destroyed by enemy shells A two per 
' cent addition of molybdenum brought 
about a dramatic change The tanks 
became imtiregnable even though their 
plates were reduced to one third oi then 
original thickness Tunqsien wliicli closely 
''Tcsemblcs molybdenum both in its 
chemical and physe ai proper lies can bi ing 
about a similar highly desirable tians 



formation But tungsten is costlier and a 
three-fold excess would be needed to 
achieve the same effect (see box on page 
71) These steels are also characterised by 
considerable strength at elevated tem¬ 
peratures and high creep resistance Some 
of the ultra-strength compositions have 
yielded strength as high as 2100 Newtons (ler 
sq mm Hence apart from armour plate its 
use extends from gun barrels, aircraft and 
automobile parts, turbines and cutting 
tools to cutlery and razor blades Over 90 
|)er cent of all hacksaws and twist drills in 
USA are now manufactuied from moly- 
steel The extra ordinaiy sharpness of the 


swords used by the Samurai—fierce 
warriors of yore in Japan has been 
ascribed to the presence of molybdenum 
in their steel It would be of interest to 
examine the Bhavani sword of Shivan for 
its molybdenum content* 

Another important applic atron of moly 
steel IS in cryogenics In low temperature 
environments, ordinary steel becor^es 
fragile as glass Special cold-rt^sistant steel 
containing chromium was found to be 
unsuitable because of the cracking of its 
welds Addition of 20 per cent molyb 
denum enables the welds to withstand 
temperatures as low as - 200®C 


A 




Analytical kit 

T he Analytical Chemistry DiviSR>n of BARC has developed a 
compact and portable field kit for rapid and nondestructive 
identification of molybdenum containing steels (Fig. 2) 

A filter paper moistened with solution (A) is interposed 
lietween the steel sample piece and an aluminium disc and 
electrolysed (or half a minute with a9 0 V battery A yellow spot 
appears on the paper Successive additions of sdutions (B) and 
(C) produces withm three rninutes a pink coloured .ctrcufair 
band if the steel sample contains molybdenum. CompaHson^ 
the tint with the band contained from a standard molysteel will 
give a semiquantitative estimation. The feit is beipa patent^. 
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Chemical twins 

T he Chemical properties of ele¬ 
ments are mostly governed by the 
bize «nd valency of their atoms. If the 
kncy 15 identical, the increase in 
size, as one goes down any 
say from lithium to cesium - is 
lent to differentiate their chemical 
properties and lead to simple methods 
of separation An exceptional situation 
occurs for some elements of the same 
group due to the intervention o( the 
lanthanide series The so called lantha 
nide contraction brings about adecreasi' 
in size as one goes from lanthanum to 
lutetium The subsequent elements 
therefore, possess practically the same 
size as the elements of the same grouf) 
preceeding this series The *twins' of 
identical size and valency so produced 
are zirconium-hafnium, niobium-tan- 
talumand molybdennum tungsten The 
'twins* possess similar chemistry, often 
pose formidable problems in their 
isolation from one another 


Moli^bdenum leaves a greenish grey 
/race on paper 




Molybdenum in trace quanti ties promotes healthy giowth in plants 


Daughter extraordinarv 

Molybdenum 9*9 is ,\ proc^uct of iiiuinuin 
fission Phis radiocu live isotopi' ijicvs tMith 
to iin extrLioidinniy iincl ''plu'iner.il 
(l.iughter i^iodmt TcM hncMuirn *9*^ nn 
•'ntiu'k riew element whu h dnes not e\isi 
in NiitUTe It 90m is «) low energy ({timmii 
emiitei with u shoii htiKlitr of 0 hours 
and can he reiK'atedly milked' from ihe 
p.irent Mo *90 he solvent exiraition f>j 
chromatograi)hic procedures Com 
pcHinds lahellecf with Pc ^9‘)m serve a*^ 
raclioi)hdrrn.ii eiiticals which ^re e\'en 
sivek ijseci as diagno<fiu tools toi iruaginu 
hr.iin lesions and si anninq hock ort^ins 
like’ livei. kidnec, eu loi delecting •irn 
('hanqi*s in then shd[>e oi si.-e 

Molvbdenum in life processes 

Traces ot mokhdeniim are tound 
normalk' 'n all plant ai'd anim.il tissue's 
The c'leiT'enl along with i oppm /iru find 
others IS regarded as ciee of ihe essenti.;! 
mu ronuliients tor iheii tunc tion in the 
rnetalloc n/vines oi as en/vmalu ,v. ti 
vafors Its pieseriii' iii ihe diiM iiu umsc- 
ihe iifti'.'ity nf ,iri sen1i.il vii/v^me c.illed 
N.inthiiu* ONid.ise fn [il. s II IS iKu essji • 
for li.Kteri.il fiNinn c»f iilirv>-^I'he*ii iiil»iiq<'ri 
Molvhdenum deli< lent soil- lespond 
dramatualk to spiuv apr^Iit iitUitiot sodium 
mc'khd.ilc' hy enh.iiu ingllu vielrfs ol riuinx 
crops diul im]no\.in'j iheii breed llu' 
yii'lds ot r)fas iMulillctwer or inm.rti u‘s c .ni 
also ht* iritreasecl iiy .ihoi.i ^0 yier i ent by 
treating the sc^ecis with ammon.ure molyh 
date 

It has hc^en established that presence of 
d certain element in hurn.in hair deter 
mines its colour a*- hairyx'ns in ccjloured 


glasses Nickel m<ikes Iran fan tiiiiniurn 
imparts a golden hue while rnolybdenuni 
makes them tltimiiig leci 

At pieseni the orik' sourc eiscJowgrade 
rnolysulphide i mu c*nlr.ili’ (.ihou! H(J tons 
as rnolyirdc'Tium). iivailable fiom a by 
pifiduct recovere t’lant m| the Uraniijrti 
Cmyioration of IndM 1 let situated at 
.ladugud.i in Bihar f hi i mu eniralc . alscj 
contain sulyihide' ot coyipcM nickel and 
non Bc'i aiisi' o| ihe holdback tU'lujii of 
Itiesi* impuritie-.. ihi' < mivenliojial mule 
involving loasimg .ind vac uiini distillation 
IS unsinl.ihle tor ohuiiinni^ good lei ovcMies 
of the tru'Nide of s,ilis(,u loiy yjiirity 
I)e‘.eloprnenl woik lf>i .in iihern.ite mute 
WMs i.niU'd out in the Pxliai live Metal 
liirgy Si c tion u| fiAHi I wo y:)iocesscs 
based ■111 he dronietalliiicyy and iimlten s.dl 
elecUolysi- haci* ln'eri eviensuely sluciied 
In ihe loiniei ihe mok^'Uiyjlnde isciiiy.inised 
•'V h'.pm h'.onle in alkaline mecfiuin tc' cyive 
'.odium inok'hflate which can ihen he 
1 ouvertec' l'> pure tlu••. 1 dc' 

In I lie elei trokfn ino* e‘-s rnokhdeiium 
metal in guml lei o* viie*' > ai i he i ih'uined 
hv used Kl'l K Mo("l as ihe fersed 
I’lei Irnkte .md Itu -.uly'lude m i »irhide as 
soluble .modi". Tiie "k Ml tee he V.' gcTie 
ralc'd in hAK(' is being Iranstero'd to 
MlhilANI (Misia Dhalu Nigariu foi com 
mercial prodiic lit in Ihe tiuipui is 
exyreitedto tulk satisfy ihe (oimtiy's 
modest lecyiiiremcMiP whu h aie.ii yue-c-nt 
eve lusic'C’k met hv nnyiort of mokhdenum 
povult'r □ 

Dt Sii/fif' IS uilh ihc Annivtns.ll Oieni/s/fv’ 
Dieisiori lit die Bhuhhn Atun u ffeseun h 
C'en/re Bdirn/uiv 
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MAAS JOURNAL OF ISLAMIC SCIENCE 

I he Muslim Assiiciaiioii lor Ihc Advancement of Science (MAAS) announces the publication of the premier 
issue ot Its oft'icial organ, the MAAS Journal of Islamic Science which will be published biannually, in the 
English language I he Policy and the editorial thinking of the lournal emanate from ihc Islamic perspective of 
Science Dissemination of the scientific information apart, the Journal is to serve as a li>funi to fostei the 
dvnamic tiend of the study of science in the Islamic perspective I he Journal welcomes contributions from^ 
scholars all over the world and publishes full length articles on the Philosophy. History and Sociology of Science, 
research communications in Natuial Sciences, and book reviews and biographic notes on eminent Muslim 
scientists of thedayand of the past The regular features shall include annotated bibliogiaphics on eontempoiary 
issues of science and bibliographic siiiveys of the contributions of Muslim scientists to Natuial Science and 
related disciplines 

Advisory Board Kdilorial Board 

Prof Seyyed Mossein Nasi WVis/i//i.if/ort Dr Hisamuddin I aiooqui /r/r/Lc/z/o;; 

/lauddin Saidar. l.nfnJitn P M A Salam (h\erutivr Ihinoi) 

Prof. S Waqar A Husaim, Kuala LumfJiu Dr M /aki Kiimani 

Prof A Wasim Siddiqui, fA/aa'tfr/, I'SA Dr Rais Ahmad 

Prof M Neiatullah Siddiqui. JediUih Di A R Kidvvui 

Prof Md. Mom l-amoqui, Ahj^arh Dr S Masood Ahmad 

Dr Abdul Haq An\i\T\. Idwfirun, A.S.-1 

Send your Subscription for this Journal through DDf Cheifues payable to 

The Muslim Association for the Advancement of Science to: 

I he Seer eta r \ 

MAAS. 

ha rid I House, Sir Syed Nagar. 

AI l(iARH-2()2(X)l (India) 

l*lease accept m\ subscriplion lor MAAS Journal of Islamic Science. I enclose cheque DD lor 
Rn S. No . . . 

Name. 


Annual Subsciiption rates 
Please tick India ()\eisea (by air) 

( ) Individual Ks 60 - S 10 

( ) Insiiiution Rs SO - S 15 

( ) Single ( opv Rs 40 - S 7 SO 

Sii’juifun 


Address . 
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RE DISTILLED WATER 

Qs per IS/IP spec, without electricity 

STANDARD DEMNERAUSST 
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Monufoctured by 


• Thousonds of units in operation 
all over Indio 

• Capacity - 40 litres per hour 
and above 

• Low running cost and oopital cost 

• Long life with ngid FVC 
construction 

• Package unit - Complete with 
filtration, two bed ond mixed bed 
demineralisation for ensuring 
guaranteed punty Occupies 
smoll space 


Vjnfl 196. l B Shostri Morg, Bhondup, Bombay 400 078 
Tel 5616191 • Telex on-71947 
INDIA LIMITED Also at Ahmednagor • Bombay • Baroda 

• Bangalore • Calcutta • Delhi • Ernakulam • Hyderabad • Indore 

• Kanpur • Madras • Madurai • Ranipet • Visakhopatnam 


Dattaram-IAEC5i6E/a4 


How to get a 

MBA DEGREE 

The first publication gives selection procedure and 
the second contams preparatory material 
tor MBA entrance exams 

AUTHOR: Vinod K. Gambhir, MBA (USA), Mng Dir 

• MBA ADMISSIONS HANDBOOK 

Pub Dec 1983 Pnce Rs38/- 
Admission details ol IIMs and 57 other institutnns Eligibility, 
reservation, selection cntena. Iinanoal aid. application 
procedure, admission noMicalion, applcabon deadline, hostel 
accommodation etc 

■ MBA ENTRANCE EXAMS 

Our success onented sett-study ooune prepares candidates 
lor MBA Entrance exams oi IIMs, tCavier, Jamnalal. Delhi. 
Chandigaih, Madras .Allahabad. Cochin, Coimbatore. 
Osmania, Kousali 4 other tndan Unvs 310 lodscap pages 
Course Rs 105/- Prospectus Rs5'- 

Mailing j Rs 4/- lor •, Rs 6/- forB 
charges ] fls6/-for#andHcombinet! 

Smd MO/BD TODAY Por VPP send Rs 10'- to 

^ ^ Dynamic Business Management 
||Tl|[fj||| Centre Pvt. Ltd.. Janakdeep ( S A). 

8 Community Centre, East of Kailash, 
esid 1975 New Delhi-110065 Tel 6418691 

Your passport to a brilliant career. 



A confident erect posture shows a successful 
person, be it male or female. Research has 
proved that a tall posture is more appealing to 
the opposite sex. Are you being denied the 
good things of life just because of a poor 
posture? Don't despair, whatever be your age 
and whatever be your present state, here is 
good news for you. 


No gadgets or strenuous 
exercise, no artificial 
aids like elevator shoes, 
no appliances 

Now Height is an all 
new. scientific method 
based on an exclusive 
Swiss principle which 
reactivates the whole 
body 

Now Height is 

remarkably effective for 
both men and women 
has been proved in 
thousancls of cases all 
over Europe Now spend 
only a few minutes 
each day following the 
step-by-step 

instructions In 2 short | 
weeks, measure your 
height You will find it 
has increased perhaps j 
by ds much as 15 full 
centimetres And 
remember, if you do not 
obtain satisfactory 
results we'll refund 
your money immediately 
no questions asked 

FOR BOTH 
MEN AND WOMEN 


iPOSITIVE RESULTS! 
OR YOUR MONEY^ 


A FAILURE 


SunAffi / 
rfifst 



A SUCCESS 


^ Dyriw/riir 
brodd 
shauMmr t 


sdhottetle 

^ I nut 
clfwpd/ipd 
iMptuftt 

HtmUtss 
nwvrnu nt 


rh vf/i nt'd 
ll rf <M|f5( it> 



A TORRENT OF TRIBUTES 
FROM NEW HEIGHT USERS 

/ tiidn t think it wds posssibh* tn yam 
height But to rny detiyhr /Vew Haight 
helped me to keep going until I reached 
185 t ms' S R K 

The Hew Height course rs wr^rth its 
weight in gold and more My I tie has 
changed smte I gained ft irn^ 
in height R H 

rifjsf rude Wat th*‘ Nl W HI HtHf 
PHOGHAMMt iS A HUOK Of 
iNStRlK TiONS rin how to bf inHpt 
and rifiiiV in i urroii your fiosrurf with 
thr Iwlfi of Lrridiri uurriulu dsofcises 
IT IS Nor A Ml Die INI na a oaut. 



MAIL THIS COUPON TODAY 
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The Answeis: 

Cuntinued from page 33 


1 . Tocology- A Tht* tc»rm tocology icfers to the science of childbirth 
Used in obstetrics, this word is derived from the Greek tokos meaning birth 
and logos meaning sc lence It includes within its scope, natural childbirth, and 
medically induc ed childbirth 


2 . Deontology- A The science of duly or morality or ethics is often 
referred to as deontology Deontology or deontologic'al ethics has its roots in 
the Greek word dcon or duty It is a theory morals tnat defends “duty for 
duty’s sake" or corollaries like, “virtue is it’s own reward” Deontological 
theories have been called formalistic, because their central principle lies in the 
conformity of the action to scTme rule or law In the classical age, the Stoics 
were the mam deontologists They believed that moral wisdom consists in 
living “according lo nature” Judaism and Christianity are also viewed as 
formalistic since they emphasise on the duty of obedience to God’s will The 
chief formalist of modern times was Immanuel Kant, the 18th century 
German founder of critical philosophy Another is W D Ross, a British 
philosopher 




4 ( 

. Entomology - B: Is the scienti¬ 
fic study of insects, the largest 
single class of the animal kingdom 
The Insecta comprises 850,000 
known species. Unlike most other 
areas of biology, entomology may 
be divided into many sub-disciplines 
for example, taxonomy, ecology, 
behavioural physiology etc Most 
branches of the science have 
applied and non applied aspects 
The latter relates to the many 
insects that have no known eco¬ 
nomic importance Applied ento¬ 
mology on the other hand, studies 
insects that are pests to crops, 
forests, or other resources, or 
carry diseases of man or livestock 


5 . Sitology— C Sitology, or the 
science of regulation of diet, falls 
within the scope of dietetics 
Dietetics is concerned with menu 
planning and the provision of 
detailed advice about food and 
special diets for both individuals 
and mstirutions Dietincians have 
nrofessiomil trainir^g with emphasis 
on dietary treatment of the sick 


i 


3 . Harology— A The art of making doc ks and measuring time, is referred 
to as harology This woid is a s^ntliesisof the Greek boro or lime and logosor 
telling The first device for indicating time was probably the gnomon, a 
vertical stick or pillar, the length oi the shadow of which li.dic ated the time of 
day Gnomons date from about 3,v500 BC In about 300 BC, the 
hemispherical sundial or hemicycle was made by the Babylonian astronomer 
Berosus Later water clocks were invented by the iigyptians and were 
improved upon by the Greeks who called them c lepsydras In around the first 
century A D sand glasses came into existence followed by hour glasses, 
lamp and candle cloc ks The origin of mec hanicJ clocks is obsc ure, but the 
first portable time t^ieces came into existence in the 16th century. Since 
then, harology has developed at a rapid rate, electrical watches, electronic 
watches and atomic docks are some of the most modern innovations in 
harology 


D. Demonology—B: The word 
devil is derived from the Greek 
diabolos, meaning slanderer or 
accuser. Demonology encom¬ 
passes all literature available on 
demonic spirits. The devil as the 
great power of evil has been 
depicted in both secular and 
religious art. Demonotogy^ satanism 
and .witchcraft are represented in 
many ancient cultures, weMm as 
weD as eastern. ^ 
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7. Ornithology C The scientific study of birds, ornithology, had its 
beginnings in prehistoric times Most of the early writings on birds die more 
anecdotal than scientific, but they represent a broad founddlion of 
knowledge, including much folkbre, on which later work was based In Ihe 
Middle Ages, many treatises dealt with the practical aspects of ornithology, 
.^^particuldrly falconry and garne-bird management In the 18th and 19th 
■* 5 ^nturies, the trend in ornithology was towrirds the descnpiion and 
classification of new species In the latter half of the 19th centuiy, efforts 
were devoted to the study of Ihe internal anatomy of buds In the 20th 
century, more emphasis has been placed on the ecology, ethology (the 
study of behaviour) and the functional adaptations of birds Ornithology is 
one of the few scierililic fields in which non professionals make substantial 
contribution^ 

9. .Ptnology-~B: The study: 
prison manugement, also knownsiiS 
penology, concerns methods effiK 
handling convicted criminals. 
sons came into widespread 
only in the last 300 ^ats. Penl^g 
systems everywhere remain largidK^ 
based on tradition, untested aast^w 
mptions and inferences derivw^ 
from inadequate data. The typeso^ 
prisons in use in the world todayaire^ 
very diverse and consequently 
penology. i 

8. Pathology—B: Pathology is a medical speciality concerned with the 
essential nature of a disease, especially the structural and functional changes 
in the cells, tissues, and organs, caused by disease. Pathology is an important 
tool in medical diagnosis. Tests are done on blood, urine, cerebrospinal fluid, 
faeces, sputum, gastric contents, semen and abnormal fluids obtained from 
the chest, the pericardium (the sac enclosing the heart) or the peritoneal 
(abdominal) cavity. Hair, nails and skin scrappings are also tested. 

10« Neurology B The word 
neuro logy is derived from the 
Greek woid ucmjiom miMUing “nerve 
cell" It IS \ {omplex branch of 
anatomy, dealing with the study of 
the brain, nerve cells, spinal cord 


BRAIIM TEASER 

SINGLE-CIRUIT 
FIGURE 

C AN v<)U(lr«iw the.idiciinina 
(lyuii* VAnthcJut Ilf tiny ih*^ 
pciu'il fn)m ilu’ pti[XT and 
without rclrdciny a lino*'* 

(Stfliifion iic\t ntnn/h) 

^ A.R. Rdo 

Mr Rcui with ihr Vikinm A i>uri'/'hcii ("nmmirnifi' Stuvict* Crnltf 
N( M »f iirujpu n I, Ahmrdtihad 

Solution to Septembei» teaser 

I et LIS fust find out Surpstis tvp^ Sup|X)SL" Suresh is type Y, then 
rorrec! answpr to his tjucstion is ‘Yes’ which wcjflld mean I'oth 
Siiresh and Suinitrti are both type N This would mean Siiresh is 
type N, which cimtiadK ts the assumptujn Hence Suresfuannol 
he type Y He must be lyoe N Since he r type N, the coirec I 
answer tojiis question is ‘No’, so it is not the case that he aiuf 
Sumitra are both of type N This means Sumitra must he lyix* Y 


Our congmlotions to Suuopna/tt Mittra onct Huktiiini 
Calcutta; C S. Nayak, Chitradur^, Ramtnder Sinsh, I'arana^i, 
M Giridhar, Sabsm; Vidhyut R Basok, Jamshedpur; Jaidecp 
Kalgulkan Bombay; Louie M. Varshese, Bhiht; Sharrrustha 
HazUmder, Sidt Lake Oiy. Cakutta; KB. Kanicsvala, Baroda, 
‘and Chirog S. Mehta, Manipal, Karnataka, wfio /loue $ 0 nf in the 
correct scidthn h our brain teaser in the September 1984 issue. 
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CAN COCONUT OIL SUBSTITUTE DIESEL? 


A nation wide programme of using a 
blend of five per cent Liude cotonut 
. oil with 95 pOf < ent diesel <jiI in diesel 
engines was started in the Philippines in 
‘ 1982 to sec how far this ran help to 
diversify from petroleum products In 
‘ these proportions, the sper ificationsof the 
blend hardly difler from those of pure 
diesel fuel Also, this was the right quantity 
![' to consume the surplus coconut oil of 
■ 120.0U0 mctrii tonnes per year 
' After ahoiit two months of the pro 
gramme, operiitioiial difficulties appeared 
when complaints of fuel filter clogging 
■ were lec eived from sc^me bus operators A 
coco diesel task foue was formed to look 
into the ptoblem Investigations revealed 
that a gelatinous substance which appeared 


to he a fonn of mn.ro organic growth was 
causing the prof'lem 

Fxamination of the storage tanks, from 
which coconut oil diesel fuel was supplied 
to the complaining husopcT.itoTs, indicated 
a build ui^ of this gelatinous substance in 
the b» itton^ of the tanks This was analysed 
to be a combination of normal dk^sel sludge 
and accumulated dirt as well as fungal and 
bacterial growths It ippeared that the 
piesencr of watoi at the bottrm'i of the 
tanks was providing a gfMicI environment 
for microbial growtii 

As fuel warms duiing the diiy, it absorbs 
water from the air, oiilv to condense out ol 
the solution when the fuel cools at night 
Thus, water pockets are formed bclriw the 
fuel in the storage tanks Fungus grows 
^ best at the interface lictween the fuel and 
, water because food and water needed for 


its growth are within easy reach The 
growth, however, can spread to the entire 
volume of fuel in the tank if all the watei 
absorbed during the day does not 
condense out as the fuel cools There was 
evidence that this, in fact, happened with 
the free fatty acid in the crude coconut oil 
allowing water to remain in suspension 
with the fuel If the coconut oil is initially 
highly contaminated with microbes, then 
the picsence of these three elements— 
water, fungus and fuel—could result in 
serious fungal growth throughout the fuel 
in the storage tank 

After this experience, a type of scmi- 
refined cix'fMuit oil cdled “cochin oil” was 
used for the experiment In this, the free 
fatty acid content ol the oil was kept to less 


than 0()5> p€»r tent compared with crude 
toennut oil which is typually mcire than 
two per cent 

In April 1983, a six-month monitoring 
programme the coi'hin oil diesel blend 
was started with an initial purchase of* 125 
metric tonnes ol ctjcfiin oil hlended to a 
5/95 fuel mix 'I'his fuel was supplied Icj a 
fleet ol 16H passenyei buses of the Manila 
Metropolitan T ansi! C-orporatiim 

After SIX monthfi it was found that there 
wi're I'hariijes in the percentages of free 
fdttv acid, protein and moisture in the 
storage tanks, but these changes were not 
significant enough to cause fuel detenora- 
hon No perceptible differences were 
noted in microbial counts Fungi predo 
minateci over bacteria and yeasts after 10 
months of monitoring No major microbial 
deposits were observed in random samples 


of fuel filters The frequency of filter 
changes remained normal 

Thus the Philippine experience has 
shown that coconut oil is a feasible diesel 
fuel extender In its crude natural form, a 
blend of diesel fuel with as much as 30 per 
cent coconut oil can be used to run diesel 
engines for extended periods of time as 
indicated by the prolonged fleet tests and 
endurance tests 

A potentially serious problem, however, 
emerged in the bulk handling, trans 
shipment and storage of coconut oil diesel 
blends Microbial growth and slimy 
malerialb that clogged fuel filters were 
attributed to the use of crude coconut oil 
highly contaminated wilti fungi, bactena 
and yeasts Multiplication of these microbes 
was enhanced by the presence of water in 
the fuel 

The use of a semi refined coc onut oil, 
with less free fatty acid, a lowei moisture 
content and a lower microbial load, 
apparently controlled the problem Inten 
sive microbiological monitoring at various 
points in the handling, storage and tr*Hi 
shipment system helped to control the 
giowth 


Crash-resistant 
boxes for export 

L ong-distance dispatch of fruits and 
vegetables is often a source of worry 
for exporters Substandard packing 
often causes‘damage leading to subs¬ 
tantial bsses. The Thailand Institute of 
Saentific and Technological Research 
<T1STR) has designed a crash-resistant 
packing box, made of hard corrugated 
boards, to overcome the problem. 

The newly designed boxes have been 
found to withstand 700 kg weight for 
fruits and 400 kg weight for vegetables. 
Vent holes provided in the box allow air 
circulation in transit and thus reduce 
chances of fruits and vegetables getting 
spoilt due to humidity and heat, a 
common occurrence with conventional 
packing boxes 

According to TISTR authorities, these 
boxes would drastically reduce the 
present 30 per cent damage of the 
goods Cm Thailand) in transit, These are 
expected to replace the conventional 
wooden and bamboo crates totally in 
the near future. 
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To him 
it’s the future 

Because it will help him stay 
ahead in school and college 
y Because his mind needs to 
be constantly stimulated 
j ’ Because the challenges he 
! faces are more ind more 
complex 

Because tomorrow belongs 
to the computer 


arnrm 


9 «-i 5 » 

aip ^ • a 4. 

---------.lir 


■"1 


JVl an incredibly low pure 
Upgradable to a flc*dgf‘d 
Busineiif. Corr.piitor 
hull Colour Graphics or»tion 
W'de range of f ducatiori. 
Gariie.s arid L>^eculive 
Software 


To you 
it’s today 

Because it keeps you abreast 
I with the computer and ttiG 
I information revolution 
I Because it helps you 

understand everything from 
basic operations to complex 
programming 

Because it keeps you a step 
ahead of the others 

Because It tielps you have all 
the answers 





H E C O M P U T E R 

Keep pace with the future. 


Elko Sales Pvt Ltd. 

' .in I .ji' 1 1' '.ii 

lakilHiif ir.i/f l''ht virt I'ffn. l-'r ,ii yj* ,»n t.'.,iL4 ir jrr if.O fi'i,'f,r i- /M'Si 

‘'L I" ii.ii r»‘f 1 titrnii.fi , ii if'f ii'.ri 

Hriitr-.ri t.Virj* , .It •'i" »'i> i|i.|f .. I i!f ■ I' «'r .' I'r i' 1 iti r< f. ii' n.'iU i n f a'. 
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world off 




IS waiting 
ffor you 

at PAULS 


Pauls is the guarantee 
for reliabilitjr. > 


Pauls brings you tomorrow’s 
quality today. Pauls*products 
stick tostringentinternational 
standards of reliability and 
performance, a result of 
exceptional quality consciousness 
and continuous research tor 
product betterment 

Pauls range includesJaw 
Crusher. Pulveriser. Coke 

Briquetting Press. Disintegrator 
Carbonizing Chamber. Pan grinder- 
cum-Mixture. Pan Mill. 

Hammer Mill. Ribbon Blender. Bali 
Mill & U-Type Mixer 




kW0UEniN6PHESS.i 


.ntLVERISER.COKE.i 


PANM^L 





GIUNDER 

CUM-MIXTURE 




BALL MILL. 



DISINTEGRATOR. 




U-TYPE MIXER. 


AT PAULS 
REUABIUTY « 
ISAWAY 
OFUFL 


HAMMER MILL. 


CARBONIZING 
. CHAMBER. 


PAULS ENGINEERING ENTERPRISE 

Regd. Office 17/7/1. NARASINGHA DUHA ROAD. KADAMTALA. HOWRAH-711101 (W.B.) 
CITY OFFICE 3/3. MAHARSHI DEBENDRA ROAD. 

CALCUTTA-700007. PH 335652 GRAM PALBRIOUET 
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GK W mild steel 
bolts and nuts ensure 
value for money 

Price alone can be a misleading factor in your buying decesion Here is a 
quality report on GKW bolts ^ vs other brands in the popular size 
range of 1/4" to 5/8" BSW On inspection of several hundred random 
pieces it was found that— GKW bolts are stronger, safer and have more 
usable bolts in every bag. WMch b more value for your money. 



BUILD WITH TH&BEST ^ 


STRONGER, SAFER AND 
ISORE USABLE BOLTS 




Guest Keen Williams Limited 

Bolt Er Nut Division 

97 Andul Road .Howrah 711103 

Phone 67 4761 (10 lines) 

Telex 021 7319 


























ANDHIU CEMENT 

BUILDING A SmONGER NATION 


Chandralok 2ncl Floor 
111, SarojinI Dovi Road. 
8ECUNDERABAO<500 OOS. 









































SMP 


ULTRA-PURE ELECTRONIC 
GRADE MATERIALS 

Special Materials Plant, Nuclear Fuel Complex 

Hyderabad 


Th9 Special Materials Plant is country's 
premier organisation engaged in the 
mariufacture of a variety of high purity 
materials used in electronics industry; 
nuclear, defence and space applications, 
research organisations and general 
engineering industry. Since 1972, SMP 
is producing a number of materials some 
of which are listed alongside. Besides 
supplying these items to about 400 
consumers in the country—both in the 
private and public sector—SMP has 
exported its high purity indium metal to 
West Germany. The value of the 
materials supplied to the Indian industry 
so far exceeds Rs 60 millions. A number 
of programmes are on the anvil to serve 
the IrKlian industry even better in future. 

T rade enquines to > 

Managar, 

SpacM Matarials Plant, 

Nuclaar Fual Complax, 

Hydarabad-500 762 [AP]. 

Phona No. 852350 Ext. 247 
TalaxNo.155304 
CABLE: “NUCFUEL" HYD 


Antimony 

99 999% 

Arsenic 

99 999% 

Bismuth 

99 999% 

Cadmium 

OO 0000/ 

Gold 

99.999% 

Gold potassium cyanide 
(68% gold) 

99 99f% 

Indium 

99.999% 

Lead 

99 999% 

Magnesium shots 

99 99% 

Selenium 

99 999% 

Silver 

99.999% 

Tellurium 

99 999% 

Tin 

99.999% 

Zinc 

99 999% 

Potassium Tantalum (luonde 

99.9% 

Tantalum pentoxide 

99 9% 

Tantalurn powder 

Capacitor grade. 

metallurgical gr 

Tantalum sheet, rod,wire, heater. 


shields, crucible and other 
tabncated shapes 

Sodium Iodide 
Niobium pentoxKJe 
Zirconium & Titanium metal 
powder and hydride 


As per order 

Optical grade 
99.9% 

Micron size 


GOOD nVY.SECURITY AND PRESTIGE: folbw as a natural 
sequence to the acquisition of specialised knowledge 

JOIN IKDRCES WITH THE BRITISH HVSTITUTES AND GETAHEAD 


WITH 60 YEARS' EXPERTISE WE HAVE HELPED OVER A MILLION AMRITIOUS MEN AND WOMEN TO AHAIN 

SUCCESS IN THEIR CHOSEN CAREERS 


They achieved success because they had the foresight lo 
undergo specialised training vi/ith the B I You too can attain 
your career objective 




Mr I Baagar Raja 

was award ad 
Dhirubhai G Ka 
padia pnza for 
outManding per 
lormance in English 
in D Com Exam 


d'.f 


Mr K Vaaegapalaa 

Mair 

stood first in Book 
keeping in D Com 
Exam and was 
awarded the N C 
Ghia prize 


Mr 6 P Vaahataaaa 

Sincerely baliaves 
that our Textile 
ManufaLture 
Course has defini 
loly played ns part 
in his promotion 


TMS 
CAN 
BEYOUR 
SUCCESS 
STORY 
TOO 
BUT... 


achievement 
demands 
tenacity and 
will to got 
ahead which 
you certainly 
havo-Tap them 



Wnt§ today aand coupon come pcfsonat/y or tcicphono 2S67SB 

THE RRITISH INSTITUTES 

56/B27 PO Box 1025 359 DN Road, Bombay 400023 


HOW 

TO BECOME 
A COMPLETE 
WOMAN 

THE EXCITING 



Export training for AMIE (India), NT JEE, D Com 
(IMC) in Accountancy and Income Tax, DBM. 
(IMC) Examination Aptitude Test for D B.M 
examination 

Career oriented Diploma Courses m Business 
Management. Personnel Mgt Saigs Mgt Marketing 
Mgt, Export Mgt, Materials Mgt, Accountancy. 
Personal Secretaryship, Good English. French 
German, Article Writing 

Also in CiviL Mechanical, Electrical Automobile 
Transistor Radio & Textiles 


THE BRITISH INSTITUTES 

56/B27 PO Box 1026 369 DN Rosd Bombay 400023 

Plaasa sand ma Prospaclus in 

(P 0 iM O Racaipt/Stamps for Rs 2 anclosed) 


A PASSION FOR DRESSING 

could be developed into meking £ 

your own feshioneble clothes M 


B.B.C. 


[n>lN 


WILL GIVE YOU THE 
SOPHISTICATION YOU NEED i 

Do you feel out of place at Social functions bacausa your 
knowledge of English is poor 7 Or are you unable to 
participate m the various actwitiaa that interest you bacausa i 
of this handicap? Perhaps your pronunciation also is not as | 
good as it should bo Whatever the problem BBC Courses 
can help you to overcome them very easily-learn improve 
and even acquire a sophisticated way of expression III 
Thoro are English Couraos for all lovela-Boglnnora 
Intormodiate Advanced and apoclallzod couraea ^ 

for Exportara Doctors Sciantisto & for those a 

who aaak jeba Abroad 
Also available other foreign language courses— 

German Arabic Spanish Japanese Russian v YMMggg 

Chinate Greek Italian ate and Hindi b U'du (Shortly) \ ^ 

Write tadey Bcnd coupon como pononoUy o ra/fpAa/it 755 

6. I UNGUAGES INSTITUTE 66/F5 UCO Bank Bldg (USSSS ] 

Flora Fountain 359 D N Road Bombay 400023 \fiomomiomy 

Branehaa 13 1 A GovI Plae# East Calcmta 700 069 T«l 238742 

13 Daryganl iahmd Employmani Eichanga Naw Delhi 110 002 Tel 274443 261290 

9 10 Asurchend Manaion 160 Mount Road Madraa 000 002 Tal 81981 83942 


; B I LANGUAGES INSTITUTES 

J 50^5 UCO Bank Bldg Flora Fountain 369 D N Road Bombay 400023 
6^Please sand me a Prospectus for 

f (specify language) 


ICS ths OidGSt 
correspondence school 
provides specialised 

courses in \ N wweyMlf \ 

ORMOnokHA^ ^ Mwv 

M!km(hd 3 ngji ' 

Okh«r intereitlng coums w 

Beauty Care & Personality |K 

Interior Decoration Oil W 

Painting Fine Art 

Cartooning Commercial 

Art, Short Story Writing 

Ff&elance Journalism T V 

Radio & Film Script Writing WH 

Practical Photography W r JF * 

Good English Advanced 1 jJf 

English, Hotel & Catering W o'* T 

Management Business ||L i ^ 

Management 

For PropppctuM & Enrofmpnt Form Bond 
Rs 21 ty PostBl OrdBTlPmstsgB Stamps 
IMTEBBArflOBAL CSBaitPOMSINCi SCHOOLS 

96/D27 UCO lank Bldg Huiaima Chowh P O Boa 1931 Bombay 400 023 


IBTESSATIOSAL CSSSESPOSBEBCI iCNOOLS 

96 D27 UCO Bank Bldg Nuiaina Chowk P 0 Bo« 1931 Bombay 400 023 
Ploasa sand ma Proapactua in the SUBJECT 


{Addraas 


NORVICSUN 
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COMPUTER CALL 



■BBkJOB ORIENTED DIPLOMA 
BBEkCOMPUTER COURSES 


B.O.P.S. Invites Applications For Admission 
For Following Diploma Courses in Computer Programming Systems. 


X 


Advanced Computer Programming 

Cobol Programming _ 

Basic Programming _ 

Fortran Programming 
Pascai Pro gramming 

Data Base Management _ 

Word Processing 
Consoie Operations 
Data Entry Operations 


HeadOfflce 

B D P S /I T I 

103, Hind Haiasihan Bldg 
Dadataheb Phaike Rond 
Dadar East 
BOMBAY-4M014 
Tei No 448422 


"WeVe 22 computers including systime S-500 
multi-terminal -16 bit system at Madras as well as 
Apple II plus-TRS’80 - IOM-S80 and Lax-80 computer 
systems in our Laboratories which are exclusively used 
for practical training to our Students" 


We have Overseas Recruitment Division, registered by 
the Govt, of India _ 

Successful candidates will be short listed for possible 
appointments in big organisations. 

JOIN BDPS BECAUSE BDPS IS THE BEST 


COr^TACT 

B.D.P.S. FOR hURTHtR DCJAHS 

BUREAU OF DATA 
PROCFSSIMG SYSTEMS 



BDPSd TI 

Krishnn Lmema Building 
lat Floor, Shivaji Chowk 
KALVAN-421301 
BDPS ITI 

Alanhar Cinema Building 
Near Railway Station 
POONA-411 001 
BDPS ITI 
Mathura 
Wowrey Lana 
Shivofi Road 
NASIK-422001 
B D P S I T I 
Ohanwatay Ashram 
Malviya Road 
Sitabuldi 
NAGPUR -12 
BDPS ITI 

Dr Bai eocl'y Compound 
1st Floor, Maltflkdi Road 
Near Central Bus Station 
AMRAVATI 
B D P S I T I 
Geeta Niwae 
Raiurkar Building 
Maidan Aad 
AHMEDNAGAR 
BDPS ITI 
24/A, Woods Road 
Opp MadraaaAliam 
MADRAS-000 002 
Tel No 811275 
B D P S 1 TI 
No 18 

Old Banl^of Baroda Street 
AmbattuT, 

MADRAS-800 083 

I TI /B D P S 

14/A. Davaralan Street 

Vadachalam Nagar 

CHINGALPETiOlOOl 

BDPS'ITI 

No 7, Panabirama Pillai 

Street 

Ttnnur 

TIIICHI-020017 


BDPS ITi 
No 4. 

Jag Jaevan Ram Street 
Shenoy Nagar 
(Near Govt Hospital) 
MADURAI 826 020 

BDPS IT! 

1st Floor RS Buildinrj 
141 Ranqai Gowdor Stroui 
COIMBATORE - 641 001 
BDPS ITI 
81 Cherry Road 
Upp P W D Ortice 
Near Reserve Li.ie 
Kiimarasaniypatly 
SALEM-636 007 
BDPS ITI 
No 12 Isi Floor 
South Car Street 
Til uneivoUi Town 
T1RUNELVELLI-li27 006 
B D P S d T I 

No *, A perundurai Road 
Opp Sathya Moorth ■ 
Hospital 

New Ravi Theatre 
EROOE-038 008 


B D P S /l TI 
22'1, Kaipadi Road 
1st Floor 

VELLORE-832 004 

BDPS ITI 
No *6 Victor in Read 
Near Head Po&t Office 
TUnCORIN 
IT Nadu) 

BDPS ITI 
89 Grirf hiyatfigal St 
KUMBAKONAM-612001 
BDPS ITI 

15/ Kafnalchi Arninan Koil 
St 

Oppu&itc Kandan Thcalrr 

PONOICHERRV-60S001 
BDPS ITI 
2/ 5th Croa& Road 
Gandhi Nagar 
BANGALORE-580 009 
Tei No 2G414 
BDPS ITI 
25 9th Mam. 3rd Block 
Jayanagar 

BANGALORE 560011 

B D P S /| T I 

873 Naroyana Sashri Rd 
Opp Mahadaswara Temple 
MYSORE-570 004 


B D P S /I TI 
Deepak Building 
Bannanie, Maipe Road 
UDUPI 
BOPS ITI 
Dinkor Building 
Vidya Nagar 
Main Road 1 
HUrU-S80021 
BDPS'ITI 
Shivayan 

Opp Lingraj College 
College Road 

BELGAUM-590001 
BDPS ITI 
BiiaraT Building 
Room No 40,3rd Floor 
KS Hao Cros<i Road 
MANGALORE-575 001 
B D P S /I T I 
Jagadhinivaa 
let Link Road 
2nd Croat Road 
Sathyanarayan Pal 
BELLARY 
B D P S /I T I 
4th Floor. Vallho Bldg 
Naar Municipal Garden 
PANJIM-GOA. 


BDPS'IT I 

3rd Floor, Dwaraka Bldg 
Near Cine Lata 
MARGAON-QOA 
403 001 
B D P S .'I TI 
Melquiedos Budding 
Behind Judicial Court 
VASCO-OA-GAMA - GOA 
B D P S /I T I 
Shankar Building 
Below Poornima Lodge 
Ansa Bhatt 
MAPUSA-GOA 
BOPS ITI 
Parvathi Mandiram 
Near Dairy Farm 
Pattom 

TRIVANDRUM-095 004 

Tel no 65651 
BDPS ITI 
10415E 

Moidoen Palli Road 
NearCorp Bus Stand 
CALICUT 873 001. 

B D P S 'I T I 

38'80. Convent Road 

Near Convent Junction 

Ernakulam 

COCHIN-682011 

BDPS ITI 

3rd Floor 

338 Chandralok Building 
Office Complex, S D Road 

SECUNDERABAD - BOO 00 J 
B D P S /I T I 
118, Prakasam Road 
Opp Town Club 
TIRUPATVSI? 501 
B D P S .1 T I 

3rd Floor. Above Dene Bank 
Opp M S Umvaraity 
BARODA 390 005 
BDPS.ITI 
C o St Xavier a English 
High School 
Khasmahal, Tatanagar 
JAMSHEDPUR 
















are simply no tricks to 


OSTi-MEXaT 



once you master 
its simple secrets, 
the results are 
simply amazing. . 
automatic... 
instant... 
permanent. 


The trouble with most memory 
systems is that they try to tram 
your memory without removing 
the mental 'road blocks', without 
activating its inherent power, 
without giving it a chance to 
come into its own. The result 
usually IS disaster... no real gam 
beyond (perhaps) a bag of 
memory tricks for after-dinner 
entertainment 

INSTA-MEMORY is Permanent 
Memory. Because Insta-Memory 
does not give you awkward and 
troublesome memorization 
gimmicks. Instead, you'll learn 
the Extrasensory Instant Recall 
Technique that literally turns your 
memory into a power-packed 
mental magnet... makes forgetting 
virtually impossible. 

INSTA-MEMORY is Automatic 
Success Power, in just a few 
hours after you master the simple 
Snsta-Memory secrets, you'll be 
I able to instantly memorize 
20-digit numbers like 
18766439086543214569 and 
recall them effortlessly a month 
later. Remembering telephone 
numbers and names will be no* 
trouble at all 

INSTA-MEMORY is Effortless 

Memory. Insta-Memory requires 
no energy-draining efforts .. 
no memorization., no word 
associations . no key words.. 
no will power... no positive 
thinking tricks. In fact, no 
super-human efforts on your parti 


Institute of Human Dynamics Is a division of 
Business Development Associates. 


INSTA-MEMORY is Result- 
oriented Memory. Insta-Memory 
will help you to master.. 
e Fool-proof Cure for Forgetting 

• Secrets of Extrasensory Instant 
Automatic Recall 

• Techniques of Automatic Mind 
Search and Memory Scanning 

• Art of Controlled Intuition and 
Mind Storming 

• Ways of Strengthening Powers of 
Observation, 

• Craft of Instant Speed Reading 

• Winning 'Exam Secrets' 

• Public Speaking without 
Nervousness 

• Dynamic Personality and 
Confidence Building 

• Secrets of Extrasensory 
Perception 

Plus, a whole wide range of tips 
on how to gain greater success, 
prestige, popularity and 
recognition. 


INSTA-MEMORY—a U.S. Beat 
Sellar st Ra. 120/-... new yaura 
far laaa than i the ariginal prical 
Thanks to our exclusive association 
with the New York Institute of 
Personality Development, we are 
now able to offer you INSTA- 
MEMORY at i the original 0 S. 
price ($15). It will cost you no 
more than the price of a medium- 
priced briefcase, only Rs. 54/- 
(plus Rs. 6/- fcfr postage, packing 
handling). And you've our 7-day 
Full Satisfaction Guarantee-you 
pay nothing if not absolutely 
delighted I 

Amaiing Taatioiany abaut lasta- 
Mamary-straight frani U.S.A. 

"I have had tremendous 
improvement in my job—my 
superiors are astounded with my 
super memory."-Mr. H. D.(New York j 

"After going through your course 
I am a vary different person"— 

Miss P.K. (Bombay) 

"Insta-Memory has helped me to 
gain a new type of 
self-confidence" 

—Mr. S.P. (Poona) 


^^NSTITUTE 
■ (CCT11J/305. 
g| Lamington F 

1 

I 

I 

Lh' 


INSTITUTE OF HUMAN DYNAMICS 
(CCTil J/305, Navjivan Society, 

Lamfnoton Road, Bombay 400 008 

V,.' Please rush rne your astounding INSTA-MEMORY Course by 
VPP I will pay postman Rs 54'-(PlusRs 6/-for packing and 
postage) * 

I understand if I am anyway dissatisfied. I shaii return the course 
within 7 days tor a full refund (less packing and pottage) 


Address 


Signature___ 


Rs. 54 


roST THIS 
NO-IIISR 
COUPON TODAY 


ST-11 


I 

I 
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BANK RECRUITMENT 

PROBATIONARY OFPICERS/CLERKS 


“Specialised Training in NSB 
Regular/Corresponaence Courses hcis proved 
to be the guaranteed way to secure jobs in 
Banks as Probationary Oflicere & Clerks.” 

.says Editor, Citylight, Bombay. 


If you have applied to State Bank of India 
or any Nationalised Bank Boards, for 
^ ^ PO or Clerical Post, join our Course now. 


Banking: 

A Rewarding Caree^ 

Nearly 2300 Probationary Officers ^ 
are recruited every year by Banks 
in India This avenue of direct recruitment 
as Probationary 0//icers in Bonks offers a 
promising career for bright young people 
today Any graduate betu/een 21 and 
28 years can apply for the post The /ob 
brings a handsome remuneration, secunry 
of service and job satisfaction The work 
content is rich and uoried And, after 
nationalisation, Bank jobs have acquired a 
new status because now the Banks have 
taken upon themselves the responsibility 
of building a better India Today, in our 
Banks, our social ideals find a dynamic 
expression Bank fobs, therefore, offer the 
opportunity and challenge to participate 
in shaping our <ounrry's future 


Selection on ^ 

Merit through \ c^ 
Comf/^titive Exams: 1,0) 11 

It/lien uararu'iL'& of r 

Probationary O/ficers Clerhs 
are declared at intervals of almost every 
three months by one Bank or another, 
large numbers apply for rhem and appear 
for the intensely competitive exams based 
on general intelligence tests Standards of 
evaluation are most rigorous and impartial 
The percenfoge of success is lower than 
0 5% In 1979 80, from a total of 5*^ lakh 
applicants. 2300 were taken as POs by 
Banks Therefore, every single additional 
mark that you can get becomes important 
A proveniy competent, specialised and 
thorough coaching becomes a MUST 


I Our Professional - 

Commitment X 

U/r coorh in regular i 

Courses at Bombay, Pune ) 

and by POSTAL TUITION M 

throughout India for objective^^"^ 
and descriptive test of PO exams 
Alt sutiiects I) Reasoning (verbal, logical, 
non verbal) (2) Quantitative Aptitude 

(3) General Awareness and Current Affairs 

(4) English Comprehension (5) Essays, 
letters, precis writing - are covered exhaus¬ 
tively Specialised practice books on all 
subjec ts covering thousands of typical 
and actual exam quesfions ore supplied 

m the Course These books are not sold 
to others 


NSB’s Faith in 
Specialisation: 

National Sc haul of Hanking, UIDQI^ 
head quartered at Bombay. ^ 

was founded a few years ago _I 

os a specialised institute providing 


.Success Earned is 
Success Deserved; 




We are just a few years itttg p 

but our successes have been 
noted across the country Help and 
recognition have come from everywhere 
and in abundance Test after test, 
hundreds of our srudrnrs foin the 20 
Nationalised Banks. State Bank. Associate 
Banks,LIC. G/C, ECGC os Officers 
The subjects, syllabus, pattern of tests 
and examining body (NIBM) for al! these 
exams are same Naturally we have a 
single common BRPO course for all 
these exams Success oriented students 
join the Course well in advance of the 
test and benefit by our step by step and 
exhaustive coaching Admissions are 
open round the year but the nunioi«r aj 
admissions is limited to the number a} 
vacancies declared by Banks 

The entire course materials and books 
are supplied on urgent basis in large 
instalments to those whose exams 
are scheduled soon 

JOIN NOW AND PREPARE FOR A 
RICH AND REWARDING CAREER. 

For details of vacancies, application 


coaching mainly for BANK RECRUITMENT ^orms and our special courses, wnte 


exams—of POs and Clerks 
It has grown rapidly and is noiu the iargest 
pre recruitment framing institute in the 
country Our continuous research an'd 
on going study ofe}biecttue and descriptive 
exam question papers have contributed 
to our present pre eminence as the centrat 
institute for BANK RECRUITMENT 
training 


today u)ith Rs 2j P O or M O to 




TnicP'* nl’f' 


979 SO. from a total of 5*^ lakh training NSIA HSlI H OAI 

s. 2300 were taken as POs by _____________ VIV** 1 g 

herefore, every single additional _ AT Ra A 

t you can get becomes important T t . 

tly competent, specialised and Telegram BANKSCHOOL 

cooching becomes o MUST | ^ Telephone 466280 

A ^ Ash Lane (Babrekar Marq),off 

Gokhale Road Dadar. Bombay-400 028 

the only specialised Bank Recruitment institute in the country. 


JOIN OKR COURSE AND PREPARE FOR THE L.I.C A.A.O. EXAM 
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17 BuiUins of Dakshin Gangotri 

by Harsh K. Gupta 

The setting up of India’s 
oermanent research station in 
Antarctica, is a trail blazer 

21 Antarctica: A lifetime 
experience 
by Sudipta Sengt^pta 

A woman scientist from the Indian 
team evokes the frozen continent 



28 Learning to think 
by S. Arun-Kumar et al. 

What are the prospects of 
computers acquiring intelligence 
of their own? 

J6 Liquid magnets 

Ferro fluids,liquid magnets are a 
novel spin-off from space research 

by C Manohar 


40 The Green Invaders 

Spell-binding sci-fi by Jayinf 
Narlikar 

46 Controversy/Population bomb: 
myth or reality? 

by S.R. Kasbekar 
According to neo-Malthusians, 
our world is turning into an 
over-crowded human ant-heap. 
That gloomy view is challenged 
by sunny Cornucopians 

52 Solar stills for fresh water 

by S D Gomkale 
In remote saline-water areas, 
solar stills can be handy 



64 Tomorrow's warfare 

by Vicky Mays 

How IS technology beefing up the 
infantryman’s fire power 

56 Thorium: The Breeder Metal 

by H.S. Ahqla 

Although qot fissile by itself, Thorium 
IS useful for nuclear power 
Cover designed by Ramesh Sanzgiri 


6 Queen of Indian science 

A pictorial tribute to the late Prime Minister, Mrs. Indira Gandhi 

9 Close Encounter 

Indira Gandhi's tragic death is an irreparable loss to Indian science 

10 Feedback 

Full fat soyflour/Ice-cream in space 

11 Science Shapes Life 

Fortified salts to fight enemy/Should boxing be banned? 

15 Fun with Maths 

Big multiplications by M-CMSubramaniamiMaqic Squares by P,K.Mukenee 

26 Consulting Room 

Headaches the chronic ones need urgent attention by V.R Parikh 

32 This World of Science 

by R.K Laxman 

33 Scientifically Speaking 

Tickle your brains by l/idya Dhar 

34 Round-up of Research 

A ne\l meson‘s bv K W 1 Sorma/Inherently safe reactors by Anil Kakodkar 

39 Review 

From shaman to specialist by Vithal C Nadkarni 

50 Youth Forum 

There is fun in basic sciences by Nilu Damie 

60TellUs... 

Why polymer behaves strangely by Indira Murfby 

66 Women and Science 

Several indigenous plant seeds yield edible fat by R. Banerji, et al 

72 Ideas and Inventions 

Super-conducting generators 

^T4 Nobel Prizes 

by A.S U. Chauqhi^ey^/P.K Malhotra/Sudha Gangal/D,M. Nachane 

78 Index to Volume 18 
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At the control room of Tarapur Atomic Power Station Inaugurating the 69th Indian Science Congress 
with Dr. l/ikram Sarabhai 


Science can and must cement sociefy around a new 
set of ualues. The search for truth and the verification of 
evidence are major values of science. A true scientist is 
alwas^s ready to discard even a lifetimes work, when a 
new fact which negates his assumptions is discovered 
But the constant reexamination of beliefs is not amongst 
the virtues of people at large, here or elsewhere In our 


country, some are too prone to act on hearsay; or out of 
intolerance Agitations in defence of superstitions or 
unfounded reports are not unknown Democracv is 
based on the assumption that the other person could be 
as right as oneself Our scientists should not hesitate to 
shoulder the responsibility of promoting a temper of 
tolerance and respect for facts*’ 



















Only Advani>0«Hikon turn Ilfbulcir wire, 
IngnnMHycwidagglomiqtndfliiKintoFliwiocow 40 



Irani A vital staga of production d our fku cornd wirni Mam hdura A lighl and frodionaiui bamg tafancntad at Ridiordson A Ouddot, Mubnd. Bombay 


Fluxocord-40 meets the sub-zero,, 
temperature impact requirements of critical 






When Richardson & Cruddas required 
consumables for fabricoling light end 
fractionators tor ONGC for their Uran 
Expansion LPG — II protect which were 
eutb^ed to give excellent impact resistance ot 
~70K1, they approached Advant-Oeriilcon 


hydrogen-induced crdtlking - a vital fudor in 
the welcting of tankers and pressure vessels m 
power plants and petrochemical industries 
where totol reliability is colled for No wonder 
the combnation . approved by international 
testing authorities like Box Counsel 


and maintenance welding As well as a host cf 
flux-wire combinations for submeroed-orc 
welding, a senes of flux-cored and solid wires 
tor automatic/semi-automatic welding Plus 
thermit welding consumables Pot together, the 
widest range of welding consumables in India 


We gave them a combination of 
Fluxocora-40, a umaue flux-cured 
siibmerged-arc welding wire, ond Automelt Gr 
IV flux virhich combines nigh productivity with 
quality, while incorporating the sub-zero 
temperature impact properties In addition, the 
'closed tube' design preventr ingress of 
moisiure during storage And the extremely low 
hydrogen level in the weld metal obviates 


The combination of Fluxocord-40 and 
Autorndt Gi IV flux is produced by 
Advoni-Oerlikori to meet world standards As 
well os our own demanding rmes Using the 
most modern production line and quality 
assurance procedures It is backed by a range 
of over 200 types of electrodes to suit virtually 
every welding application And a variety of 
Oerlikon-Fon low-heqt input alloys for loming 


fStarl 

AOVANI-aaRUKaN LiMmo 

New Options, New Capabilities in Welding 

Sonqnlo'« Ll Bni'ido □ Bhubnn<* wiv L i Bombay U 
CukiJiia n Cochin r* Dtlhi U I'lvderoboci IJ Jumshoctpu' ^ ' 
Lucknuvif rj Ma€iia<> D Punn n Rotp*'' f-1 Visakhopa'num 




’Or ir>quiiiek quol 


and vwnie to 


tomliov 41 


Heios 



E MWh w^one MM houinfl ttiBt the 
curteiri will be braught doiwn 
cm;i Orwellian yeaf'ef 19M 
eiilioiitanynf itecvniealand , 
peaeimifelfc inraphceiee (umiina ^ 
dipaeter etruck in the lorm of a 
iia g ttMf* aaaaMinatkmof Mrc. Indira 
■■■^SJtekhherdkBdt. fadinnaclence 
SHlMlnokw have iMt their moat 
Mdwnt ibppcrter and patron. That 
thb ahauhi hewe happened at a time 
vdwn oar oiieiitieta and 
technolbgiate had brought the 
countiy dnee to being aeltMufficieilt 
m food euppUea and were making 
stable contributions towards fusing 
hsr dream of making Indie strong and 
prosperous, is The most unkindat 
cut of ail'. 


Ever since Independence, the 
ministnes of Atomic Energy as well as 
Science and Technolost have been 
presided over by the Prime Minister, 
ihwaharhl Nehru had taken charge 
of these departments out of his 
personal conviction that only a 
scientific approach can pave the way 
(or a modem and thriving India On 
asummg the office of the Pnme 
Minister m 1966, Mrs. Gandhi might 
have bowed to tradition and retained 


these ministnes in her personal 
charge But she certainly had 
inherited her father's love and respect 
for science and technology. For, 
dunng her tenure both the 
departments not only received active 
support and encouragement but a 


eeiM of punoee and dNctioa {She 

tiMteiprinMbkiforkipmii^ , 
eckpilMa'and technoknfbte 
opffidenica and aelhMpeet. 

'Riie b raflactad in a eeriae of 
aighWcant aehieweinania diving her 
time m.pffice.and ee i mcWy dwhig 
the faef few yetae. The indbenoue 
devetopnikiit of traeUng equipment 
fw our iwied khii» vdwdt led to the 
einking of X3aai* during the 

'*Wc have advanced 
Sreatiy in science— 1 
am a greater believer 
in science—and the 
scientific approach' 
has chang^ the 
ivorid completely.** 

—Jawaharial Nehm 

Ban^hdcdh War is now well** 
docufnented. So is the peaceful 
nuclear experimeni conducted at 
Pokhran in 1974 which brought home 
the understanding that with the nght 
type of encouragement and nurturing 
our scientists are e^ual to the task 
and also to their counterparts in 
other parts of the world 

Nehru would rightly be considered 
as the father-figure of Atomic Energy. 
He promoted the spread of scientific 


tonsNeemcht. iBulfllhson this. Mra, 
jftjiriaM lixih IndMir iciahoi and 
mchiMlogy imiMlibnd itt 
goagwphicof bou Mh i riM i , iiwJV from 
^dii^c<tN(MM|ht9tha wMt 
mqmWM cd«pM«. k kdb'ldiidngk^ 

faMo IrtdMndmif didnonefE Cte Jjgi. 
copntgf vmbbdMHid m a mbmmrjl, 
dm Afi>ordfc%irtp Aftd « 
fiaiipii was esiBDUHieo on uie iiosiKyi 
torilintiifclhoimpMtpfhir . 


baddhvMOnibrffmadviilMnw' 
lather, tohaimaalMraasociatagiiilwi#' 
oflhastptuf«d|Sluibhiiai^ 
Bhati{agnr.kV>*<i*’diiilngthiM' 
last dacMM tMt« nuihboT of * v j| 
tsehnoemta glanad aaauming the 
offlea of SoeigMry ki a numbar ct t 
imporiBni goverivnerii aepanmenis- * 
She was already seised of the 
problem atisiiHi out of a law nunter 
of our iciendstoand technocrats ' 
leaviiHicmrllesMres for greener * jx 
pastures abroid. She MhA kith Mff 
tbeabBHy of bur scientists and * 
expressed it in no uncertaiptormsy 
during her brW speech at fiAl^ 
haidy threeiweeks hefomlw liiNdf 
death. Truly, the kiss to tM \ 

edentfHc ooirimuiiity is inMpavahie«' « 
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FULL-FAT 

SOYFLOUR 

The? article ‘Suybean’ (September, 1984) 
by Dr Y P Giipla is informative and 
analyiicdl However, commercial soy 
prexJuefs like Nutrela, Mealmaker, Nuiri 
Nugget, Protein Phis, Protesnac , Paushti 
kahar, Sov Pan;eeri, etc available in the 
market are expensive and conform 
basically 'to a limited pattern of utilisation 
suited to higher income groups They are 
not within the reach of a common man who 
mostly suffers from the [irolein calorie mal 
nutntion Hence, there is a greater need to 
develop simple and adoptable techniques 
of utilising soybean in rural and urban 
homes using the available domestic tools 
and kitchen gadgets/utensils One such 
technology has been developed at the 
Central Institute of Agricultural tnginec- 
rinq, Bhopalj for using soybean in the 
form of full fat soyflour 
The methfui consists of cleaning, splitting 
of soybean into soydhai, soaking soydhal 
in water containing 1% sodium bicarbonate 
at room temperature for four hours, 
boiling the soaked dhal in waler for 15 to 
20 minutes, drying the soaked and boiled 
dhal and milling it into flour The soy flour 
thus piuduced contains about 40*^. 
protein and 20".! oil, and is devoid of all anti- 
nutntional factors and off-flavours It can 
be stored for a iieriod of three months in an 
air tight metal container or plastic bags 
without any deterioration in quality The 
flour can be blended with cereal/pulse 
millet at 10 to IS'o level to make a wide 
range of traditional rcri|ies such as 
jmkoda, hajno, seu, pun, i hapati, hulwu, 
bia/i. mysore pak, soy-peanul crisp, rti 
By introducing soyflour in our diets, the 
protein energy mal nutrition ran be 
(ombated 

NAWAB ALI 
AP GANDHI 

Hun i s' H’l hiJi,/ Mil Si hl'Hll S 

t « 'tl>ol h till ill nl Ai|in ii'liM'i /1 'Iifi 
Nii^i/»iiij*i Wi'Kisiii Will 1 ■VAMI/*' 


Announcements 

Tlio S<x:ietv tor Adv.uicement of Elet 
trochemical Science and Technology, 
(SAEST), Karaikudi will be organising the 
Third International Symposium on 
Advances in Electrochemical Science and 
Technology lor five days fron'^lOth to 14th 
Decemt)er, 1984 at Madras 


The symposium will concentrate on the 
latest advances in electrochemical science 
and technology, and also the scope of the 
future possibilities It is also proposed to 
conduct an exhibition displaying the latest 
techniques, products, instruments and 
equipments 

'ITiose electrochemical industries who 
wish to register themselves as co-sponsors 
rind also for participating may contact Dr 
V Krishnan, Secretary, Society for 
Advancement of Electrochemical Science 
and Technology, C/o, Central Electro 
chemical Research Institute, Karaikudi 623 
006 

The Environment Mutagen Society of 
India will be holding its tenth annual 
conference at Bhabha Atomic Research 
Centre, Bombay from 18 to 21, February, 
1985 The theme of the conference will be 
'Environmental Mutagens and Human 
hfealth Problems and Perspectives' Besides 
the five symposia topics related to the 
above theme, the conference will hold a 
one day programme devoted to plenary 
lectures of popular nature on topu s like 
genetic diseases cancer (epidemiologyl, 
environmental mutagens and carcinogens, 
and (X'cufiational and industrial health 
Those interested may contact Dr M S 
Chaddha, Chairman, Organising Com¬ 
mittee, 10th Annual Conference of EMSI 
c/o Bio Medical Group, Bhabha Atomu* 
Research Centre, EJombav-4(X) 085 


Ice-cream in space 

In your September 1984 rssuc you have 
reproduced rny correspondence wrth 
Anjali and also included a number of 
colourful illustrations One aspect has 
come out wrong in the illustrations In my 
original letter to Anjali, the intermediate 
stage ir melting an ice cream bar was an 
oblong and not hollow doughnut*Sincemv 
drawings weie hancUirawn, prdbably your 
artist misttxjk the figures ro be doughnuts 
rather than just slowly rounding blobs 

YASH PAL 

Si'« n hli \ 

Oi'/Hi*'nii-nf nf S. li'Mi t unti 
I ( 1 , 11111/1 Miv 
rn/iMii/(K|v H/iin fill 
Nm Mrhroiili NimhI 

N.mi tvih. ^rnlt^ 

M/e regret that an inuduertent eirorufas 
committed in the uisiial translation of 
Prof Yash Pal's thoughts 

Editor 


Those printer’s devils 

In answers to 'The Name Game,' 
(Scientifically Speaking, July, 1984) under 
Nelumbo nuci/era, a photograph of 
N\/rnphaea and not of Nelumbo is shoivr 
N^imphaea, commonly called as water lily, 
has mud) narrower petals than 4 hose of 
Nelumbo Nelumbo has almost oviMd 
petals 

NANDAN T. KALBAG 

S/iriliun>i SriTP/v. 

M Hiiniirntin Rtnid 
I'l/r t\irh (Liitl) 
hitntUiv •IIW tib/ 

An important mistake has crept in the 
article (Immobilised enzymes, June, 19B()i 
while mentioning the name of the enzyme 
present in goat’s stomach The enzyme 
has been printed as renin which js a 
different enzyme in that context and 
concerned in the prevention of sodium loss 
by the kidneys The enzyme's name witf 
reference to the above article should havi 
been /ennin It is also called a rr^^k 
curdling enzyme 

KS NAGARAJ/ 

MpHii fi 
Riiurn Nti J't 
H K /fiisfi’i 
S/K>shiJi/ri Hcuk/ 
finnqciittn’ 4 

An error has crept into an otherwis 
informative article ("Potable water—with' 
our reach", June 1984) where the author 
mention in para one that viral hepatitis I 
which has claimed over 3(X) victim 
recently in Gujarat, is due to poor sanitar 
conditions and bacterial contamination ( 
water Such charactenstics are attrihutal >! 
to viral hepatisis A (HAV)and Nfin-A Nbn- 
hepatitis Viral hepatitis B is 
through blood transfusions, b/oo 
products, surgical instruments and neve 
les and syringes contaminated by 
virus It can also be transmitted throuq 
mosquitoes, saliva, semen, etc HBV dot: 
not spread through water or food 

V SURE SI 

Air hint' Hittpiuil Kakiikundo 
KhuniiiriiJi KU 

The venue of the National Symposm 
on Vacuum Technology and Sealed • 
Devices from 19 to 21 December, 1984 1 *- 
the Institute of Engineers Hall, Bangalor 
and not at the Bhabha Atomic Reseao 
Centre, Bombay 

We regret the aboue errors ^ 

Ediu 
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"Darned fortified §alt! It*8 meseed up the tabs efour Bibend fibrte," 
Fortified salt and anaemia pound which remains stable for 


T he National Institute of Nutrition 
(NIN) at Hyderabad has come up 
with a practical and cheap formula to 
fight iron deficiency anaemia (IDA) in the 
country It has recommended the use of 
iron fortified common salt (IFS) for the 
entire population And ttie Government 
of India IS taking steps to launch a 
national anaemia control programme 
with this IFS 

More than half of the rural population 
and large sections of the urban populat 
ion suffer from anaemia and women are 
the major sufferers Poor and inadequate 
diet are known to be the maior factors 
aggravating anaemia To fight (his 
widespreao scourge, NIN scientists 
reasoned that salt is an effective vehicle 
for supplementing dietary iron Since it 
IS manufactured at only a few places in 
the country, salt fortification could also 
be carried out on a countrywise basis 
Iron, in the form of ferrous sulphate 
l^which IS easily absorbed by the body 
^tissues) was the choice of NIN scientists 
Though ferrous sulphate alters I he 
white colour of common salt, NIN 
has succeeded in producing a, com 


pound which remains stable for eight I 
months without change of <*olour or 
deterioration in quality The new com- j 
pound consists of^ 3 S mg of ortho- 
phosphoric acid (which prevents cobur 
change) and 5 rng of Sodium acid 
sulphate (improves iron absorption) in 
each gram of powdered salt 

Two longterm community studies 
carried out by NIN have successfully 
demonstrated the effectiveness of IFS in 
preventing and conirolhng anaemia 
Though the sceptics caution against the 
widespread useofiFS—extra iron irttake 
might increase the risk of infections - 
NIN scientists confidently claim that ”tFS 
consumption by normal people is safe 
and that, on the contrary, the available 
evidence shows that extra iron may 
actually improve immune status and 
other functional capacities of the 
population" 

Goitre, an lodinedeficiency disorder. 
IS also widespread m the Indo Gangetic 
belt (where anaemia severity is high), 
and to fight it the Government is i 
supplying K>dised salt m endemic areas 
Now NIN hopes to fortify common salt 
with both iron and iodine to fight goitre 
and anaemia simultaneously 


Plastic wrapping for babies 

A plastic bubble film normallv 
used to protect fragile goods also 
acts like a light duvet, or continental 
quilt, and keeps babies warm and 
protected from draughts This has been 
* found by doctors at the intensive care 
urtit of the Qu«en Mother's Hospital, 
Glasgow, Scotland 


The plastic material is warm, li^t 
and cheap and, because it is trans 
parent we can see what happens to the 
baby The wrapping is popular. It is 
being manufactured in sterile condi¬ 
tions The hves of premature babiea are 
now being saved in a Scottish maternity 
hospital because of this new use of an 
industrial wrapping material 


Should boxing be baimcdF 

A U. fhoMc twiwboua years in Ih* 
boKinB rirts awM to havo at last 
cau^ upvMhMutwnimad AK-^thrao' 
time wmnar «r tht he»w 
championship. AS who 'OCftiW ones 
-float like a buttArfly and sdns Hka « 
bee" It beiicved to be suflerinfl from 
symptoms smsfair to BsrMnsarfsd b aa ^ a 
—shirred speech, loss of co-ordination, 
reduced muscle strength and a pfftaiai^ 
tent feeling of fatigue This hasiMMadj 
the inevitable question, shoiM btotNl' 
be banned? Is thsre a fiomtoOliOPf' 
between Ah's condition and cafesr? 

When he checked into New Yoik 
city’s Cohimbia-Prasbyterm MadW d" 
C^re last month, a subdued Mi d|d> 
admit that ha had been in fhS boSfrig 
nng tor 30 years and that he has hgd I*' 
take a tot of punches 

Some punchesi For a typical faloto 
from a heavy weight, can land with a 
force cneaedsvi 454 Kg and it can snto 
the opponent's hsad. back or twist H' 
violently causing tiie soft brain tissuBS 
to dam against the bony skuO Thiscan 
result m stretching, twisting or rupture 
of nerve cells and bto^ vestcia. 
Moreover, flke arw other damaged 
tissue, the brain can literally swell to 
push Itself against the inside of the skdB, 
leading to further damage. 

"Punch drunk" boicers hove long' 
been known to be men Who took 
considerable pimiriiment m the ring. 
And according to Some neurologists, 
the boxer’s chances of suffenng brain 
damages rose m direct proportion to 
the raimber of bouts fou^ Autopsies 
have revealed that boxers are far more 
likely to have a condition called cotnim 
sepfi peftocidi <0 gap between the two 
membranes that divide the bram. Many 
boxers with this ronditnn apear to 
suffer from Parkinsonian eymptoms 
similBr to All’s 

Indeed m 1983, the AmericanMedicat 
Associstxin earned ad article in 
its journal stating that '"the prinopsA 
purpose of a boxing match is foi^ one 
opponent to render die odier irdured, 
defenseless, incapacitaled, unoonagous. 

. Boxing, a thtowback to oncivOlsad 
man, should not be sanctioned by any 
ovtlised society *’ 
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Ecocide^a crime 

A RECENT reporl from the Stock¬ 
holm Interiuitiondl Peace Re¬ 
search Institute (SIPRI) warns that the 
threat of "environmental warfare’* 
should be t.iken seriously by the world 
community According to it, the 
dropping of nuclear lx>mbs in Hiro¬ 
shima and Nagasaki did not constitute 
the most devastating single act of war in 
history, it was the dynamiting of the 
Hyayuankow dyke of the Yellow River 
in China to stop the advancing 
Japanese troops in 1938. which 
drowned hundreds and thousands of 
Jai^anese and Chinese 
The En.nod Convention (short for 
Convention on the Prohibition of 
Military or any other Hostile Use of 
Environmental Modification Techni¬ 
ques) banned environmental warfare It 
was signed in 1977 aftei the world 
opinion was convinced about the US's 
role in causing environmental damage 
in Vietnam. US planes seeded clouds 
oyer IndoChina to “stimulate extra 
rainfall in local areas where the rainfall 
was already very heavy*', says SIPR’ The 
aim was to fi list rate the movements of 
guerrillas by further waterlogging of 
their jungle foott>aths Por seven years 
rain clouds were seeded The US also 
sprayed lethal iiesticides on crops and 
on acres of fertile rice fields, again to 


dc'leriorate the environment and reduce 
soilTertility Even now years after the 
war, one of the major problems ihced by 
the hardy Vietnamese is to till their 
‘poisoned’ land and somehow make it 
yield some agricultural product 

The S1PR1 group wants a new 
ronventwjn to make all forms of 
"ecm idc** an international crime. Some 
other acts of environmental damage 
which it has stressed are* 

(1) Wafting of soot across polar ice 
sheets would alter the ratio between the 
amount of light reflected from the ice’s 
surface and light directly received from 
the Sun This would cause tempera 
tiirps to rise, melt the ice and raise the 
sea levels considerably. This is already 
happening in a small way and it is 
predicted that the melting of the east 
Antarctic ice sheet would raise the seas 
throughout the world by 70 metres! 

(2) Satellites could emit halogens into 
the lower stratosphere and hence 
‘puncture’ the ozone layer This would 
allow dangerous amounts of ultra-violet 
radiation to penetrate enemy territory 
with"senous biologicalconsequences” 

(3) Conventional and nuclear wea¬ 
pons could do irreparable damage to 
the environment A nuclear device 
could trigger a landslide, earthquake or 
seismic sea wave, especially m known 
geologically unstable areas 



Modds in zoos 

A RUBBER snake in place of a real 
one in Houston soo has caused a 
commotion in 4he^zoo world. A legular 
zoo visitor noticed that a Texan coral 
snake had not moved in nine months' 

John Mclain, the assistant curajor of 
reptiles at the zoo explained thatwral 
snakes are difficult to keep in capitivity, 
leave aside breed and zoo autho 
rities were finding if difficult to main¬ 
tain them. Several had died in the 
past few months. The zoo had no 
1 dternative but to use artificial models 
and hence 'the substituted model 
A herpetologist who is sympathetic 
f towards the problem faced by the 
i Texan zoo says “it is not such a bad 
dea.” 

However Bob Wagner, executive 
director of the American Association of 
I Zoological Parks and Aquariums who 
does not approve of this practice 
1 intends taking the matter up with thA 
Director of Houston zoo. 

Particle accelerator 

^ V HE particle physics lobby in West 
I Germany received a blow on a raw 
nerve when its latest particle acceler¬ 
ator, the DM 6,0(X) million (£ 1,600 
million) HERA, was attacked by the press. 
In an article in Der Spiegel, West 
Germany's equivalent of TIME maga¬ 
zine, Richard Parlour, a British profes¬ 
sor of atomic physics declared it to be 
“as useful as the Egyptian pyramids'* 
Though the physicists declared the 
article to he trash and apparentks 
authored by an insider, the said article' 
iias been noted with glee by the Greens 
The latter, who now occupy some 
parliamentary seats, refiresenl the 
West German environmental and anti¬ 
nuclear lobby 

Not much harm has been done, 
though To particle physicists, HERA will 
be a valuable complement to LEP. the 
electron-positron-collider under cons¬ 
truction at the European centre for 
nuclear physics, CERN Results from 
HERA and LEP are expected to comple¬ 
ment each other. However, physicists 
say that if the article bad been published 
during the decision-making period, 
which it lust missed, the damage would 
have been greater. Now as it is. the 
matter will die with a few letters cA*' 
J protest to Der Spiegel. 
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Future cdmputers 

SINGLE silicon chip urill contain 
wit contain more components 
than the number of cells in the human 
by 2000 AD. And slowly the chip- 
wffl do away with silicon and 
materials for building 
computers as we are in for bblogical 
computers. The latter will be made 
partly or wholly of complex protein 
molecules as in living cells. These are 
the forecasts by one of Britain's top 

men in the computer industry. 

Soon computers will be working ten 
times faster than the body and this 
trend will continue. Silicon chips will 
also double in complexity, getting 
smaller in size but not expensive. Eiut 
caution is sounded by the experts. The 
present-day chips will need to pack so 
many components into a tiny space, 
that the components will be spaced at 
^ only a quarter of the wavelength light 
apart Light is now beginning to replace 
electrical signals as the computer’s 
means of operation. But very small 
chips cannot use light. They will have to 
rely on X-rays with a much shorter 
wavelength. X-ray lasers will provide 
the necessary power. 

Even typists will have to be done 
way with. Speech-recognition will 
transform the message dictatbn straight 
into the printed word. By 2000 AD, 
computers will make sense of a 
message, get the sense of rambling 
^ conversations and even recognise 
‘ ^jfblurred oi faulty pictures. 

UN biotechnology 

HE United Nations Industrial Deve 
lopment Organisations (UNIDO) deci 
Sion to establish a biotechnobo; centre 
in a Third World country is making a 
steady but slow progress. Probnged 
negotiatbns in previous meetings had 
agreed upon two cer«tres —one in 
Trieste, Italy and the other in New Delhi, 
India 

At the recent preparatory committee 
of the hternational Centre for Genetic 
Engineerbg and Bbtechnobgy discus¬ 
sions centred around the funds the two 
host countries India and Italy, are 
willing to commit. The next meeting will 
be held in December 19S4 in which a 
It project leader and a scientific com¬ 
mittee will be ideritifbd for each centre. 

Regarding ^the fmancial commit- 
' merits, the Government of India has 





Don’t underestimate babies 

ABIES are born with the ability to 
differentiate between simple sha¬ 
pes, can recognise and remember 
objects in three dimensions and can 
distinguish coburs without having to 
learn any of these processes Dr Alan 
Slater of the Dept of Psychobgy, Exter 
University, London, has shown these in 
his recent research. The aim of the 
research was to expbre in detail the 
extent to which the newborn baby can 
make sense of what he sees. 

Many babies were tested in the Exter 
area at an average age of two days 
Further tests were made between six 
weeks of age and one year Each test 
took about five to ten minutes and 
comparisons were made with test 
groups aged three and five months The 
baby was exposed to static or changing 
visual patterns until they no longer 
attracted his attention When the baby 


offered $ 5 million towards the cost of 
first five year’s work at the Delhi site, 
supplemented by an offer of .$ 8 2 
million from the Italian Government 
which has also promised S 4 million and 
13,dD0 million lire towards five year 
work at Trieste Even though the 
amount allocated is sul)staritiai, manv 
experts feel that it is not sufficient to 
keep the projc*cl going Further, the two 
countries have also offered the cost of 
equipment. Rs 15 million (India) and 58 
million lire (Italy) Italy will provide a 
building at Trieste at a token rental 
whereas India has agreed to spcMid Rs 
72 million on land and buildings near 
Delhi. 

These voluntary bids are expected to 
encourage others to contribute during 
the meeting to be held soon again in 
Vienne. But, whether the contributors 





started losing interest in the visual 
patterns, the latter were replaced by 
new patterns, of which one is similai in 
some respects to the one replaced. If 
the baby looked more at the new 
pattern, then it indicated that he could 
discriminate between the two patterns 
and could also remember some aspects 
of the original pattern 

It IS vgrdely known that babies look at 
a moving object But do they see the 
object or only detect the movement? 
The research carried out at Exter 
suggests that the baby can see the 
objects. It can also perceive an object in 
three dimensions when shown at the 
same time as a two dimensional picture 
of the object 

Babies can also recognise squares 
and circles when presented at various 
angles And of course, they do not have 
to learn to coordinate their eye 
movements. 


will bring along promissory iiQte^ is 
uncertain This is because some would 
like to knrjw which people are chosen in 
the next three months to manage the 
biotechnology centres, others the 
colour of then fellow-member’s money. 
Doubts still persist regarding!hedecisbn 
to split the centre into two components 
Another danger which lurks is that the 
member governments may prefer to 
commit the funds to developments at 
home 

Decisions are yet to be finalised 
about the divisx^n of work between 
Delhi and Trieste In all probability 
while the Delhi centre will be dealing 
with developments in agriculture and 
human health, the Trieste centre will 
deal with the application of biotechno¬ 
logy lA the chemical industries and 
energy 






l^body? 





- jyu ■ ^ tlrP InUmlMr ffatk 



«Nulf(||te eombqlMg dtpf u iow 
ttmktir. tM* v«i to M vniiMct* 101 
itHM* Mk iwlwilw tfMie at« 
i i wetf i r poydwifaggal imms thot MlU' 
.(Him ^ mwiunc kysteiti andkwther 
Influtfnoe ct|n be documented 
tfM^lbtufkd that the teeponaetrf the 
jktMMra' j and B ceib (white blood 
kllk) to ti oetogeti, a chemicitf that 
(tri^gen tVmpNKjtte aste^ 
teawdiffi i pp r a a ax r . Dae tadns twie 
t^onttwept iMith the hypothesis that 
changM m the ImnAum system itjiowins 
bere a ueme m are rdpied to the smts 
aaed ntartality of btmsaved undowers 
NturoscientistB and immunotoalBts 
have also discovered that bram and 
immune systems are m continuous 
communication Hente it w possible 
dim the mmd may enhance the snmune 
eyaiem''s woik^iustasit can, apparently, 
supress It This is supported by a 
ptehnuraty study on half a dcunen 
^ncerpatients The study indicated an 
jnntgiNwed, *tste of immunidy dnrms 
Vtmadt when they Rnamned tumowp 
I kM a l he d aa o dragon atkeliad hi 
«|tit« Idbeid oels as kt^hts bdm 
''iMM (boa hr canter |^lbada1 
'bn 



latew tecldte dokr tt^ the 

Stett^tkariahteatalbte System sdAt 

tm US> ths 1^ teat iMWiterned 
W tm I!) Aenwiiy tN yims iiQd l]i 
mdte^thwtte h sd y w d -dte direspittes 

4 hi^ ef die hSATb a new 
omadt*^ spy aattiRe known as the 
t ada iO tttia i tetel 

tekha (dOhSATl wheh Pte spot 
oWMl^teMSmany yred th ltr and even 
durmgneliO’Siencaopsrations Some 
(htenee expdite bar that WNts/n can 
eliD detect leAsie wave patterns set 
tm by ihe p aS oape of submarines 
hiindteds of metres below the water 




, etidhcK* teebiMfbsKk 
that cSild iwdtaBts US Tritent 
mjsate submatetasOMch ware so far 
Bwujiht tobeiMdcpemiMe The^ 4 
tmnteto ceunter RORdAT by usms the 
RSKfayefam 

The ASAT Intern mvofves a missile 
labncHed from an f ^-)5 jet fighter temg 
at a hekd of 12,000 mehev m 
rmssie IS propeKed by a twpaiORr 
sohdtfuel rocket towards a point w 
apace thatnmundeoinputen predicf 
Will be occupied by the intended 
target a few mmutes in the future The 
warhead uses thevictm^smomentum 
as Its destructive mechanism when ii 
collides with the aatehte 


An TOlicii^ecr Bvntar of lUMortiic acid 

S tRUCTUllfiiLLy ddferent from mtemet will 
the andtbi uead ateicaneer tbug portmilairh/ 


Wthe andtb uead ateicancer tbug 
tisplltift, MW cotepauiids-T^’ialiniitn 
cnmpkpMe o( vtlipiiiA C~ahow anti* 


,,»kvw'ei'"'Hit ‘we 


mtemet with metals in the body, 
partmilairht copper, but the ,oomplex 
has proved difficult to taplste and 
dteractense Beoiuw thsoopiibitods 
afk rrtfiKtttioly eb dUskte ItoM 
cilkkia.tkia«Obll(^ 
iSBftiignt Ik MnttiilniiA imnv dSiB 

fiBllfm WPI m QtpfVfqvj 

’Jtdt dskt MkMA a* 









Quick multiplication of large numbers 


ULTIPLICATION of a large number 
by any other number is a laborious 
task Howev/er, if the following technique is 
made use of the result can be obtained 
within seconds. Consider an 18 digit 
number. 526315789473684210 Let us say 
^ iMint to multiply this number with 

get the answer observe the rules 

below: 

1 Divide 6349 by 19 mentally to get the 
answer 334 (quotient) with 3as remainder 

2 Use only (he remainder 3, by keeping 
this at the units place (extreme right), then 
multiply by 2 and place the value 6 in the 
tenth’s place Again multiply by 2. the last 
value obtained (6) to get 12 Race 2 m 
hundredth's place and neglect 1 

**3. . . *63. . 263 (neglect 1) 


3 Find where exactly 263 fits in the 18 
digit number Here 526315789473684210 

4 Subtract the quotient 334, obtained in 
the first step from the above number In 
cace subtraction is not possible, take one 
more digit from the 18 digit number In this 
case It IS 5, that is, 5263- 334 - 4929 

5 Ail what you need is now write the 

quotient first, then write all the digits 
starting from where the earliei numbi»i 
fitted in 15789 in a cyclic manner and 

substitute the value obtained in step 4, in 
place of 5263 (4929 in stead of 5263) 

6 End with 

so we get the answer as 
334157894736821049290 

Quotient Substitution 

There may be cases which mav look 
somewhat deviated from the above 


procedure, as for instance the remainder 
8 In such cases when on multiplication by 
2, a two digit number is obtained, take only 
the unit value, but on tlie next multiplied 
tion add 1 to the an.swer 

**K_ *68. _ 368 (I added 

to 12) 

Where the remainder is 0, the answer will 
be a senes of 9*5 followed by 0 
Where the remainder is a 2 digit number 
say 13, use only 3, but on subsequent 
multiplication by 2, add I to the answer 

**3_ 73*. ... 473 (I 

added to 6) 

M.C.V. Subramaniain 

Mr SiAyramaniam is cj final yrar student o/ 
Computer Science at Indian ln>ihtute of 
Iechrufloqv, Khara^^pur 


Tri-tetra and penta magic squares 


AGIC squaies of ordcr-3 can be 
constructed on the sides of an 
equilateral triangle using the integers from 
1 to 27 with no integer appearing twice 
The tri-magic squaies thus foimed have 
each a magic constant of 42 However, one 
IS faced with the limitation that two out of 
the three squares .ire irregular or seini 
magii, that is, their diagonal elements do 
ru)t add up to 42 

An interesting example of fn magic 
squares is he oTder-3 scpiare foirned on 
th^ sides of a right-angled triangle It c is 
Cne rnagit constant of the sc^uare formed 
on the hypotenuse and a and b the 



corresponding magic constants of the 
squares formed on the sides of the right 
angled triangle, them relation satisfied 
between a, b and r is .r t b*‘- c^ whic h is 
the analogue of the Pythagorean Iheoiem 
This c an be easily verified for the tn rnagu 
squares in Fig 1 Here a 4.5, b - 60 and 
c =- /5 so that 72' 45' ^ 6(>' or 5625 - 2025 
f3600 or 5625 5625 

Interesting relations exist among the 
elements of the tn magu S(|uari‘s m Fig 1 
Square of any elemcnil ot the scjuare / 
formed on the hyijoienuse is rhe sum ot 
the squares of the t oi responding elements 
appearing on the squares x and y forrnc'd 
on the sides of the right angled 'iriangli 
Ihus, 15’ 9‘ M2‘ 40 ■ 24 i 32 . 25 
15-’i 20' and VI on 

Tri-rnagic squares of the above example 
can b^ed.sily coiist'^uc led starting tn »m llie 
relation 5’ Tfiey the elenu-nls o( 

the square' / on ihc' hypotenuse' are* 
furmc'eJ by using 5 and its nuilfiples while' 
those on the suk's > and v aie fiumerl 
lespectively using the digits i .irirl 4 anrl 
their multiple's 

Telra rnagu -.quares can also be formed 
by constructing order 4 ina‘ju squaies on 
the sides of a square rhesemagu square's 
utilize the integeis from 1 to 64, bejth 
irx'lusive, with no inlc'ger appearing twice 
All tile four magic square's produce' the 
same magic constant of 130 (Fig 2) It is 
interesting to note that the numbers in ail 
the four horizontal as well as the four 
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vi'rtu al ffyws i»ae h eoinprising eight cells 
aeld up to 260 

Pe'iita nuiqie se|uares are n .igic square's 
ot order 5 and are* formed by using the* 
integers 1 to 125 with no lepetituin of any 
inU'ger on the sides of a penlae^on All the 
five' rruiqu squares produe e* the' same 
niagu < oriManl of 315 

P.K Mukherjee ^ 

[)i Miikhenei’ /s <i leduret in phv^u.*^ at 
Deshhiindhii ( i)//egi'. Kalkun Neu Delhi 
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May lines and crystals for colour TV. 
irom the Keltron supermarket. 

Delay lines 


KELTRON 

COMPONENTS 


THE 

f=L£CTRONICS 

SUPERMARKET 


I 


Desigried to synchronise luminance and coIol 
signals with minimum distortion Passive, 
*lhree'terminal networks for operation at 100 vol 
and a temperature range of -15 to + 85" C V'' 
a delay time ranging from 270 nos to 800 no'- 
Available in standard packages as import 
substitutes Or with lighter tolerances and 
matching impedance for special requiremenis 
Made in collaboration with Sprague Electrorra 
of Belgium-a world leader in the field 

Colour TV crystals 

A ready supply of reliable colour TV crystals I' 
standard frequencies of 4.433619 MHz antj 
8 867238 MHz in miniature package. At mucd 
lower pnces. 


a Stdte Pecirontcs Development Corporation Ltd . Keltron House, Vollayambalam, Trivandrum-695 001 
: 088^ 373 KEDC IN Telegram ELECTRONIC- 


Telephone 60621 






























VUILDING OF 

DAKSHIN GANGOTRI 

Harsh K. Gupta 



A ntarctica, with an area 

of about 14 million square 
kilometres, is the fifth largest 
continent in the world It has 
superlative physical characteristics 
Ninety-eight per cent of tt\e continent 
IS covered witli a thick ice sheet, with 
an average thickness of 1,800 metres 
At places, drilling has revealed' the 
thickness of the ice sheet to be in 
excess of 4 5 kilometres With an 
iwerage elevation of 2500 metres, it is 
)Mhc highest continent The world’s 
record of the lowest temperature of 
minus 88®C was made on 24 August, 
1960 at Vostok, a Soviet Station at 
Antarctica With an annual rainfall of 
only 10 centimetres, it is also the driest 
continent. 

Antarctic research comes of age 

The immense riches and boundless 
extremes of the Antarctic Continent 
and the surrounding seas attracted 
voyagers from very early times 
Duiing 1772-75, British explorer James 


The MI-8 helicopter being taken out 
from the ship (right) and with under- 

lung (tOtD) 


Cook’s vessel ‘/?eso/u/ion’crossed the 
Antarctic circle and circumnavigated 
the Antarctic Continent The Antarctic 
Peninsula was discovered in 1820 by 
Nathaniel Palmer of the USA James 
Weddell, a British explorer, discovered 
the Weddell Sea in 1823 During the 
first two decades of the 1900s, 
commonly known as the ‘heroic era’ of 
Antarctic exploration great inroads 
were made into the geographic and 
other scientific knowledge of the 
continent National prestige m territo¬ 


rial acquisition and scientific enquiry , 
provided strong motivation for govern- « 
ments and private organizations to 
support these expeditions 
A considerable amount of attention 
was paid to Antarctica during the 
International Geophysical Year (1957- 
58) Twelve nations involved in 
Antarctica (Argentina, Australia, 
Belgium, Chile, France, Japan, New 
Zealand, Norway^ South Africa. United 
Kingdom, the United States and the 
USSR), seven of which had made 



territorial claims, realized the impor¬ 
tance of international co-operation in 
scientific research in Antarctica, 
keeping aside the political and legal 
differences The results were very 
encouraging and this made the invol¬ 
ved nations realize the need of some 
stable special regime. The negotiations 
started leading to the formulation of 
the Antarctic Treaty (See Box). 



believed to have the world's largest 
coal deposits. Without doubt, the 
main attraction in the Antarctic is 
likely to be oil and gas. By com¬ 
parison with the sedimentary 
basins on continental shelves in other 
regions of the world, the oil potenfigd of 
the Antarctic continental shelves is 
considerable. Various, rather specula 
tive. estimates have been made of 


The third Indian expedition 

The 81 members of the Third 
Expedition team consisted of civilians 
(sixteen including two lady scientists), 
personnel from the Indian Army 
(thirty-eight), Navy (twelve). Air Force 
(twelve) and the Armed Forces 
Medical Service (three). The team 
memoers were chosen from among 
the volunteers who had offered their 
services for the expedition. This 
young team (average age 32 years) had 
to undergo a medical examination, 
and high altitude training and acclima¬ 
tisation to cold weather at the Machoi 
Glacier. This was the first time 


The route to Dakehin Gangotn 

reaching Antarctica on 27 December, 
1983 work on this task commenced 
immediately. A camp was established 
at the site selected after careful studies 
of the aerial photographs, regional 
maps and other available material and 
reconnaissance of the region. The 
construction party (the Army Corps 
of Engineers) moved into this camp on 
28 December, 1983. It was crucial to 
keep the construction party well 
supplied with their requirements of 
construction material to enable them 
to complete the task in the very limited 
available time. Initially, when the ship 
was moored to fast ice, construction 


these reserves. According to an 
estimate, based on U.S. surveys, as 
much as 45 billion barrels of oil and 115 
trillion cubic feet of natural gas lie off 
the Antarctic coast. But any attempt 
to exploit Antarctic oil could be 
prohibitively expensive: the remote 
location and severe climatic conditions 
add to the increased cost of produc¬ 
tion. Nevertheless, interest in 
Antarctic oil and gas is growing and it 
IS likely that with the technological^ 
development, exploitation of these 
resources would become economi¬ 
cally viable in the foreseeable future. 

In addition to the mineral and oil 
reserves, Antarctic seas are very rich 


two lady members were included in an 
Indian team to carry out scientific 
work in the Antarctica. 

The Expedition sailed off from Goa 


material loads were carried by the 
helicopters Two unloading parties of 
ten members each were organised. 
Work commencred at 8 arh and 


in a wide variety of marine life, 
particularly krill, a very rich source of 
protein. Krill is the most easily 
exploitable of the Antarctic resources 


on 3 December, 1963 on board M.S 
Finn Polaris. This chartered vessel 
from Finland is capable of cutting 'fast 
ice' of up to 70 cm thickness, and had 
been suitably modified to store four 
helicopters in her holds, in addition to 
carrying some 900 tonnes of cargo. 
After a brief stop at Port Louis, 
Mauritius, the ship continued its 
southward journey. The first iceberg 
was sighted on 18 December, 1983 and 
this created a lot of excitement among 
the expedition members. The fast tee 
had started breaking up but the shelf 
ice was still not approachable. On 27 
December, the ship was moored on 
fast ice where the friendly penguins 
flocked around ro welcome the 
visitors. 

The permanent station 

; pn^e of the principal aims of the 
c)o|iditk)ri was to construct a berma- 

F 'rii^K'Station at Antarctica. On 

IgjyiENCE TODAY, DECEMBER 


often continued till midnight. The 
unfortunate MI-8 helicopter crash in 
the afternoon of 28 December, 1983, 
while carrying an underslung load, 
considerably upset the unloading 
schedule. Due to the timely rescue and 
brave, untiring efforts of the 
medical officers all the five members of 
the ill-fated flight were saved. This 
unfortunate event did not deter the 
team and the members worked with 
enhanced dedication to meet the chal¬ 
lenges and accomplish the job. 

The resources of Antarctica 

The scientific expeditions carried 
out so far have revealed immense 
economic potential in the form of 
minetal and living resources Large 
reserves of gold, platinum, silver, zinc, 
cobalt, lead, copper, iron, etc. have 
been reported to occur in Antarctica. 
The Transantarctic mountains, run¬ 
ning some 2500 km in length, are 

1984 


India joins Antarctic research 

India is drawn to Antarctica, not*;' - 
only due to its mineral, oil and living 
resource wealth, but also due to 
Antarctica's geographic location 
which considerably influences the 
climate of the Indian sub continent. In 
the geological past, India, Antarctica, 
Australia, Africa and South America 
were all together forming the super- 
continent known as 'Gondwanaland* 
Some 160 million years ago, this 
supercontinent split up and different 
portions moved to their present day 
positions. A comparative study ot 
rocks from these continents is extre¬ 
mely important for understanding 
various geological proces.ses and 
phenomena. From the oceanographic , 
point of view also, observations in high 
southern latitudes are extremely 
important. 




The Antarctic treaty 


T he Treaty was signed in 1959 by 
the 12 natione eMch bed nurintaitied 
stationa there durind the hternatioruil 
Geophysical Veer 0957*58): Argentina, 
Austraia, BalgSiim, ChHe, France^ 
Japan, New Znlapd, Norway, South 
Af^, this United Kingdom, the United 
&atee arid the USSR 
The Traatyis open to any member of 
the Uidted Nations. Sixteen nations 
have joined since it came into force in 
1951: Butgaria, BrasH, China, Ceecho- 
Slovakia. Denmark, the Federal Repub* 
Kc of Germany, German Democratic 
Repubnc, India, Italy, the Netherlands. 
Rspua New Guinea, Peru, Poland, 
Romania, Spain, and Uruguay. 

The Treaty explicttly aims to further 
the purpoees and principles of the 
Unit^ 'Nations Charter. Among its 
tndre Important features are: 

* Sti^lates that Antarctica should 
forever be used exclusively for peaceful 
purposes and not become the scene or 
obj^of, internatioBal discord; 

* Prohibils nuclear'explosions and 
the disposal of nuclear waste, and 
measures 'of a military nature'; 

^ Guarantees freedom of scientific 
research throughout Antarctica, and 
promotes the exchange of information 
on scientific programmes, of scientific 
observation and results, and of scienti¬ 
fic personnel; 

* Establishes a comprehensive sy¬ 
stem of on-site inspection by observers 
to promote the objectives and ensure 
the observance of the Treaty; and 


* Removgs potential for sove- 
leignly dispi^ tMtuMisn Treaty parties 
This safeguard it contained in Article 
IV, which ensurpa that the hgal position 
with respect fo sovereignty of Treaty 
parties is not ptgludlced by any acts or 
actwities taking place during the 
period of the Trsaty. No new chum, or 
enlargement of an existing claim, may 
be asserted while the Treaty is in force. 

The Treaty applies to the area south 
of 60^ south latitude, but without 
prejudice lo the high sea rights of any 
state under international law. 

The Treaty is designed to provide a 
framework for activity in Antarctica 
indefinitely, and has no set period of 
operation. There is provision for a# 
conference of all the contracting parties 
to be convened to review its operation if 
a request is made by one of the 
consultative parties Such a request 
can be made after the expiration of 30 
years from the date of entry into force 
of the Treaty, i.e. after 1991 

The 12 priginal signatories are known 
as consultative parties and are entitled 
to partx^ipate in Antarctic Treaty 
Consultative Meetings. Further, any 
party to the Treaty which demonstrates 
its interest m Antarctica by conducting 
substantial scientific research activities 
there is entitled to be a consultative 
party. Thus Poland in 1977 and the 
Federal Republic of Germany in 1961 
became consultative parties Recently 
(1983) Indici became a consultative 
party. H.K.G. 


India’s dream to explore Antarctica 
became a reality when the maiden 
Indian scientific expedition to 
Anarctica, under the leadership of 
Dr.S.Z. landed on the frozen 

continent on 9 January, 1982. The 
J^apH^cnt of Ocean Development, 
.i^^M^«^|jPGovern^^ of India organised 
the second expedition during 1982-83, 
lead by Mr. V.K. Raina. Encouraged 
by the success of these two 
expeditions, the DOD planned the third 
expedition during 1983-84. In addition 
to carrying . out multi disciplinary 
scientific observations and experi¬ 
ments, it was decided to set up a 
permanent station at Antarctica to 
sustain continued scientific work 
during the winter months 

The second MI-8 helicopter was 
brought out and put into operation on 
^January, 1984. Unless absolutely 
essential, the underslung operations 
by MI-8 were avoided This necessi¬ 
tated opening up of the preslung loads, 
loading them piece-wise m the fuselage 
of the helicopter at the deck of the ship 
and similarly unloading them at the 
camp site, a very time-consuming and 
laborious process However, all con¬ 
cerned did an excellent job. In the 
meantime, constant efforts were being 
made by the ship to reach the ice shelf 
so that unloading could be carried out 
on the sledges to be pulled by piston 
The ship finally reached the 
stfelf on 21 January, 84 and was 
completely unloaded by 30 January, 
1984. 

Right from the beginning,, the 
construction team worked hard, not 
bothering about the adverse working 
conditions. Towards the end of 
January 84, the double storeyed 
super-structure of the permanent 
station was more or less ready. During 
February, the weather deteriorated 
considerably, and working outside 
became increasingly difficult. A 
number of problems were encoun¬ 
tered in commissioning various inter¬ 
nal plants and services. However, the 
,^^rmy er^ineers were able to cope with 
mese difficulties. A certain amount of 
fabrication was carried out at the 
ship s Workshop. Various systems. 


such as heating, electrification etc and 
plants such as the generators, snow 
melting plant etc weie tested as and 
when installed. The scientific labora¬ 
tories were totally functional on 23 
February On 24 February, the‘winter 
party’ moved in The permanent 
station, named Dakshtn Gangotn’, 
was hit by a hli^zard which lasted for 
four days, on 25 February Wind 
speeds of upto 80 knots (about 145 
km/houi) were experienced During 
the blizzard, in addition to the 'winiet 
party’ there were 28 other members of 
the team at the station The blizzard 
proved to be the acid test for durability 
and functioning of the various facilities 
of the station Barring a few minor 
problems, every thing worked well. 

The permanent station consists of 


two double storeyed prefabricated 
timber structure blocks specially 
designed for Antarctic conditions. The 
two blocks have sloping roofs forming 
lofts created for storing The blocks 
are linked by a single storey corridor 
Hie building complex is designed to 
withstand winds of upto lOU knots 
(about 180 km/hour) The building 
rests on a 620-square-metre raft 
foundation, excavated to one metre 
depth, extending some two metres 
beyond the perimeter of the super- 
construction to ensure uniform distn 
bution of load on ice. Styrofoam has 
been used in all the panels to restnet 
heat loss. On the outside, thermal 
insulation ts provided by placing a 2 5 
cm thick layer of foil below th>^ 
cladding. The station is totally self 
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contained for the winter party of 12 
personnel and is equipped with 
garage, workshops, laboratories, living 
accommodation, surgery, toilets, 
kitchen, stores etc. The station is 
powered by three 62.5 KVA diesel 
generators, being duty, maintenance 
and stand-by generators, synchro¬ 
nised with a manual change-over 
system. The peak load of the station is 
40 KVA. As a safety measure, the bulk 
of the fuel is stored at a distance from 
the station. There isaSOOO-litrc tankm 
the building which needs replenish¬ 
ment once every eight to ten days. The 
living area is heated by low pressure 
hot water radiators Two oil-fired 
boilers have been provided for heating 
and snow melt plant usage. Hot and 
cold water is available at all supply 

continued on paqe 63 


Foundation of the permanent station 
(top) 


Interior lab view at Gangotri (right) 


A few of the laboratories at Dakshin 
Gangotri. Dr. Hanjura with micro¬ 
biograph recorder (below left) 

Prubhu Mattmdkar, veteran of all the 
three htdian expeditions and the 
microbiologist-shows agar plates with 
microbial growth to Dr. Gupta. Also 
seen are Dr. Haiyura and Dr. Sudg^ta 
Sengupta 












NTARCTICA with its 14 
millidh sq. km area is still the 
least known and most in¬ 
accessible continent on the 
face of the Earth. Here are the world’s 
strongest wind, lowest temperature, 
highest land and icemasses, hardiest 
animals and seas richest in life. The 
Greeks called this unknown continent 
in the extreme south the antartikos, 
meaning opposite the Bear, the Bear 
being the northern constellation. 
Though there were several attempts 
to explore this last terra incognita on 
this planet, it took men several 
centuries, to set foot on the real 
continent 


In 1983-1984, the third Indian 
research expedition was launched not 
only to carry out further research but 
also to build a permanent research 
station on this remote continent so 
that Indian scientists can work there 
round the year. I joined the last 
expedition as a geologist and was 
fortunate enough to work in this great 
natural laboratory where the tremen¬ 
dous force of nature is felt under the 
apparent calm of the changeless 
icescape 


The Journey to the South 
The journey from Goa to Antarc- 




Wandering albatross (top) 

The crab-eater seal who paid a 
visit (above) ^ 

Skua—the Antarctic hawk (left) 

tica showed a variety of sea-scapes 
and life forms which made the voyage 
interesting and lively. The equatorial 
waters do not contain many life forms 
but after we crossed the thirties (30'’S 
latitude) the monotony of sea-life was 
broken by flocks of birds -- different 
varieties Qf prions, petrels, albatrosses 
and cape pigeons 
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Glaciai tongue in the Schirmacher range 


The albatrosses, with their elegant, 
effortless gliding through the vast 
expanse of blue were indeed a treat to 
the eye. Linnaeus, the famous Swedish 
biologist, named this genus as 
Diomedea, possibly after the Greek 
mythological hero whose companions 
were transformed to birds at his death. 
Masters of gliding flight, they can 
remain airborne for a good length of 
time without flapping their wings even 
once. They have stout bodies and 
extremely long and narrow wings. 
Among the wandering albatrosses, the 
largest species may have a wingspan 
of nearly foui metres. The plumage 
may be brown, black and white. Of the 
eleven species of albatrosses, nine are 
truly southern in the sense that they 
inhabit the southern ocean from 
latitude 30°S When not breeding, 
they roam the high seas for months 
and circum navigate the world They 
return to nearby islands to breed and 
one chick in two yeais is enough to 
maintain the population balance 
Seamen consider killinji these birds a 
bad omen. 

With the albatrosses stealing the 
main show, petrels and prions were 
relegated to side roles. Prions (genus* 
Pachs^ptila) are small birds, always in 
flock. They danced on the waves with 
gay abandon when they gathered food 
from the water surface The petrels 
are bigger, have hooked beaks and 
black plumage They come in different 
sizes, ranging from that of swallow 
size storm petreKfamily* Hydrobafi- 
dae) to the one-metre long giant 
petrcl(Macronecfes giganfeus). They 
•are named after St Peter, probably 
because of his legendary walk on the 
lake of Gennesareth. Several varieties 
of petrels were seen in this vqyage. Dr 
K. J. Mathews, our biologist and the 


Finnish crew member Nako were 
ready to help us identify them. 

Free to move without any hindrance 
of landmass, the water around 
Antarctica along the forties and fifties 
remains perpetually turbulent. We 
were fortunate that the roaring forties 
did not give us any trouble but the 
seascape suddenly changed when we 
entered the screaming fifties. For five 
days we had stormy sea around us. 
Even in a large ship with modern 
facilities we felt uncomfortable, and 
could appreciate the courage of those 
pioneers who first dared to cross these 
rough seas in small sailing ships. 

After we crossed the Antarctic 
Convergence, where the Antarctica 
cold water meets the warmer water of 
the Southern hemisphere, Cape 
pigeons (Daption capensis), beautiful 
birds with black and white designed 
plumage, were often seen. Further 
south, once we crossed the Antarctic 
circle(66" 30'S latitude) the milk-white 
snow petrels(Pagodroma niueo) and 
almost black Wilson’s petrelfOceani/es 
oceonicus) became more common 

Nearing the continent 

The sea surrounding Antarctica 
remains frozen almost round the year 
A part of the frozen fast ice breaks up 
in austral sumtner and is carried away 
northward by oceanic currents. These 
broken pieces or floe ice may have a 
thickness of upto four metres and are 
five to 100 r.ietres or more in length 
The pack of floe ice forms an annular 
ring around the Antarctic continent 
and IS referred to as pack ice The fast 
ice and floe ice of frozen saline sea are 
quite different from icebergs which are 
derived from the continental ice sheet. 

The Antarctic ice sheet with its 29 
million cubic km of ice is the largest 


transient load on the Earth’s aust 
Under the effect of gravity, the ice 
sheet flows from the interior towards 
the ocean with an average speed of a 
few metres to tens of metres per year, 
where the coastal relief is gentle. This 
situatbn is typical of more than one | 
third of the continent, in artes of i 
irregular sub-glacial terrains and i 
mountains, the ice sheet flows out¬ 
ward as mountain-valley-glaciers with 
an average rate of 100 metres to 1000 
metres per year. The ice sheet flows 
out beyond the limit of the underlying 
rocky coast and forms the coastal ice 
shelf—a 200-metre to 15(X)-metre 
thick floating apron that comprises 
more than K) per cent of the 
continental area. The ice shelf gradually 
breaks apart from the mother ice 
sheet and floats away as icebergs. The 
newly formed icebergs are flat-topped 
but as they erode they become coni(^) 
or irregular in shape. With progressive 
northward movement, the icebergs 
gradually decrease in size and form 
growlers. These growlers are navi 
gator’s nightmares as they are too 
small to detect by radar but big 
enough to cause damage to the ship 

Antarctic panorama 

As we crossed the belt of pack ice 
between 65°S and 69*’S latitude the 
real Antarctica panorama was reveal¬ 
ed. Vast expanses of white and 
gave the scenery an out of the worl^^ 
look. The deep blue ocean, the milky 
white ice chunks with sea green edges, 
massive, sombre icebergs at the 
distant horizon against a backdrop of 
azure blue sky and an over-bearing 
silence all over transpired an unreal 
situation Here and there on the pack 
ice one or two seals or a flock of 
curious penguins would complete the 
Antarctic touch. 

Pack ice is the favourite place of 
Antarctica seals to bask in the sun m 
austral summer. Very often we would 
see one quite unperturbed by the 
presence of the ship, lying still on a floe 
or lethargically lifting its head. Arttarc ^ 
tica has four species of seals endenV^ 
to this continent which suggests 
isolation of the continent through a 
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Antarctica is one large laboratory in which any type 
of scientist can find not only significant problems in his 
field but also a sense of personal satisfaction and 
achievement in tackling those problems in an arduous 
but fescinating environment”' _j Hatherton 


prolonged period of evolutionary 
history. All the four ^cies belong to 
the family Phoddae and are genetically 
remote from their northern counter¬ 
parts. They are more marine and 
spend most of their life in water. While 
swimming in the sea, they use their 
l'‘*^limbs as their principal means of. 
pni^lsion. Consequently they use 
only their forelimbs to carry themselves 
on land or ice, almost like eels. The 
same seal that looks cumbersome and 
gawky on ice, turns into a lithe, agile 
swimmer the moment it plunges into 
water. 

Amongst the four species the Ross 
seal is the rarest. The Leopard seal, 
named for its ferocity and colour, is 
carnivorous and lives on penguins and 
young of other seals. The crab-eater 
seal, the most common variety, lives 
mainly on krills—a shrimp-like 
^crustacean, fuphausia superba The 
most polar seal of all is the Wedell seal 
which IS non-migratory and spends 
most of its life on the fast ice found all 
around the continent. It lives on fish, 
squid and bottom invertebrates of the 
southern seas A fact that still 
bewilders scientists is that a large 
number of mummified seals are found 
deep inside the continent where they 
possibly died of starvation. Carbon-14 
dating showed that some of the 
carcasses are several thousand years 
^ old. One group believes that these 
,,Ideals must have lost their way and 
‘ wandered inland until death ended the 
journey. Whereas another group 
believes that they lived there when the 
climate was warmer and when the sea 
extended far inside. 

In contrast to the indifferent seal, 
the penguins are inquisitive and 
friendly. The large emperor penguin 
(Aptenodi/tes forsterO :s definitely 
more royal in its bearing, but we 
usually encountered the smaller adelie 
penguins flPygosce/is adelie). At sea the 
penguins move in flocks, diving and 
surfacing tike porpoises with wings 
used for propulsion and feet serving 
only for steering. When they come out 
water, these birds can leap upto 
three metres vertically to land on ice 
just like jacks-m-the-box. They live 


mainly on kriils and hence are 
limited to the coastal area. 

The emperor penguin begins nest¬ 
ing in autumn and lays a single egg in 
the dark of winter. They do not have 
any fixed nest-site like the adelies but 
merely carry their eggs on the top of 
their feet and against a patch of 
abdominal skin. Strangely it is only the 
male which incubates without any 
food for the whole period of two 
months. In spring the adelie penguin 
nests on stones or bare patches of 



‘Honey comb’ weathering of gnessic 
rocks of Schirmacher range 


rock to lay one or two eggs.It 
incubates them in normal fashion 
Both the parents share the thirty-five 
days of incubation period. 

The most southern of all Antarctic 
bird® is skua (Catharcta mackormickO. 
It is seen within JOO km of the 
geographic pole The skua is predatory 
and extremely aggressive in nature. It 
lives on other small birds or on the 
eggs of penguins Now they often fly 
around manned stations or ships in 
the hope of food. When we were doing 
our fieldwork in the hill range, a skua 
used to follow us ail day to get the 
leftovers Once, 1 found a chick and 
managed to take a photograph while 
the parents hovered angrily over my 
'lead. 


The arrival 

After making our way through the 
pack ice we passed through a narrow 
zone of clear water for some distance. 
However, at position 69^ 57 7\ 12*48' 
9" E the ship could not proceed any 
further and she had to moor on the 
fast ice itself. It was during the early 
hours of 27 December. The day was 
bright, sunny and without a hint of the 
fierce Antarctic wind. A group of 
adelie penguins came to greet us. 
Curious and human-like they would 
come very cbse to us but would glide 
away on their bellies like a toboggan 
the moment anyone tried to catch 
them. We also had a visit from a crab- 
eater seal who dragged its body over 
the ice across a long distance. It got 
nervous when surrounded by a group 
of photographers and quickly slided 
into the sea. 

In Antarctica one always under¬ 
estimates«distances because of the 
unusual clarity of the air. The ice shelf 
which was three km away, appeared 
much nearer.On the same day the 
activities started. The heavy snow 
vehicles disembarked on the fast ice 
itself and were quickly driven away to 
the safety of the ice shelf through a 
convenient ice ramp since the ice shelf 
was about three metres higher than 
the level of the fast ice. The site of the 
permanent research station was sele¬ 
cted and on 28 December, a group of 
army engineers and their men left to 
set up the base camp and to start the 
construction of the station. 

The everpresent danger of an 
Antarctic expedition suddenly became 
apparent when on 29 December, a 
Pratap (MI-8) helicopter crashed into 
the icy water. Though we were 
relieved to see the five occupants 
breaking out through a window, we 
knew that they were still at consider¬ 
able danger. One cannot survive for 
long in water at minus 1.8*C. Standing 
on deck we fervently hoped that there 
were no killer whales around. A 
Chetak helicopter was ready, available 
for rescue and a boat was lowered 
immediately. Fortunately all five were 
saved Vrithout any serious injury. 
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On 12 January, a group of scientists 
moved to set up a camp on the 
Schirmacher range -an oasis hill 
range approximately 70 km from the 
coast. Three geologists (Dr Madanlal, 
Mr. R K Singh and myself), one 
biologist (Mr. Prabhu Matondkar) and 
a doctor (Lt Cdr. A Banenec) stayed 
there for 25 days while other scientists 
took turns in visiting the camp for few 
days 


Geology 

The continental ice sheet, ranging in 
thickness from 2 Km to 4 5 Km, covers 
98 per cent of the Antarctic land mass 


and only 2 percent of the continent is 
exposed in the form of mountains 
rising above the ice sheet along the 
coastal regions and along Trahsantar' 
ctic mountain range This huge mass 
of ice with a volume of 29 million cubic 
Km has depressed the rocky surface 
of the continent by 600 m 

The Antarctic coritinent forms a key 
block in the jig saw puzzle of the 
continental drift theory This theory, 
first pioposed by Alfred Wegner, 
postulated that the continents of 
South America, Afnca, India,Australia 
and Antarctica were all joined together 
and formed the super continent of 
Gondwanaland About 200 million 


Schirmacher range with glacial lake 

(top) 

Adelie penguins (below) 

years ago these continents broke ajiart 
and gradually moved to their present 
positions. Although Wegner s theory 
has been considerably modified and is 
replaced by the modem theory of plate 
tectonics, his basic tenet of continental 
dis|vrsal is still valid and theie is 
evidence to prove that the continents 
were once joined togethei 
Genkjgit.ally, the continent of Ant 
arclica can be divided into East and 
West Antarctica with the Transantar 

continued on page 69 
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HEADACHES 



/vj,} ,> OCTORJ am about 55 years old 
and have high blood pressure for 
fj,, ‘ • ' the last fnje yfears. / am taking 

medicines regularly Now, for 
the last one month I have been getting dull, 
boring headaches mainls/ at the forehead. I 
hope there is nothing serious/y lurong. 

First, let me explain to you something 
about headaches The term headache 
encompasses all aches and pains located in 
the head Medically speaking, its signifi¬ 
cance IS often abstruse, for the headache 
may stand as a symptomatic expression of 
an underlying dsease or, on the other 
hand, it may be due to some minor tension 
or fatigue, incident to the affairs of the day. 
It is this dual significarKe, benign and 
potentially malignant, that keeps the 
physician on the alert 
But how do we d^ferentiate uarious 
types of headaches? When should one 
consult a specia/isf? 

Simple things like lesions of sinuses, 
teeth, a refractive error in the eye or 
glaucoma or an infection in the ear, each of 
these can cause a headache which is not 
sharply localised Headache from sinusitis 
may appear on awakening and in mid- 
mornings and is characteristically 
worsened by stooping. Eye strain-head¬ 
aches follow prolonged use of eyes as in 
reading, watching cinema, etc Hyper¬ 
tensive headaches tend to occur on 
walking in the morning and excitement, 
anger and tension may provoke them 
further 

The duration of a heada^-he is equally 
important When it is chronic, recurrent 
and associated with or without other 
symptoms^care should be taken and then 
one should consult a specialist 
Doctor, I am suffering from this 
headache for the last one month, whereas 
my elder brother for the last three years 
Does this have any significance^ 

When a headache becomes chronic, 
vanoub factors are considered For 
example, in migraine there is family history 
in 80 per cent of cases, with onset in 
childhood or adolescence There is a 
unilateral throbbing pain, sensitivity to 
bght and sound, nausea and sometimes 
even vomiting When aM these symptoms 
are present, diagnosis is easy 
On the other hand, “cluster headache” 
is more common in males It is constant, 
intense, has unilateral orbital localisation, 
tends to recur nightly for sevei al weeks oi 
even for months and the pain of a given 
attack may leave as rapidly as it began 
Clusters may recur over the years, more 


likely in times of stress and strain, 
overwork and upsetting emotional experi¬ 
ences 

Similarly headaches caused by tension 
are usually bilateral, diffused, and are 
described as '‘fullness”, “tightness” or 
"pressure” This is the only Ijeadache, 
which persists for a long period of time 

Doctor, some times we hear people 
dying of a brain tumour or brain 
hemorr hage Can they be easily diagnosed 
and treated in time'^ And I understand that 
the tumour, etc of the brain also produces 
headaches,, , 

The various types of headaches I just 
described to ybu arc not at all life 
threatening and can he treated with 
appropriate medicines, tianquillisers. etc 
In looking for tfie cause of rec urrent and 
chronic headii hcs. a patient should be 
investigated for the status of his cardio 
vascular and renal systems, too In brain 
tumour, a headache is an outstanding 
symptom It tends to be deep-seated, non 
throbbing and aching or bursting Activity 
may provoke pain, while rest in bed 
diminishes its frequency The pain which 
awakens the patient from sleep at night or 
prevents sleep is more likely to have a 


demonstrable oTganic basis. In addition to 
headache, forceful vomiting may punctuate 
the illness in the late stage As the tumoui 
grows the pain becomes more frequent 
and severe, visual disturbances, epilepsy, 
personality-, memory-, and speech-distur 
banres can also occur depending on 
site and size of the tumour ' Z 

Headache due to brain hemorrhage, on 
the other hand, is most intense and 
splitting and may or may not be followed bv 
a coma In any case, such types ot 
headaches, especially when occurring in 
young persons, and when associated with 
vomiting or temporary unconsciousness 
must be investigated 

Doctor, how ^ you investigate the^c 
patients^ Are there any safe and rehabic 
and at the same time economicu 
investigations^ 

Different possibilities of treatment an' 
raised by a patient who presents himselt 
for the first time with a severe headachi' 
and another one who has recurrent 
headaches over a period of months or 
years After having clinically examined , 
patient and forming an impression, jfr 
specialist usually asks for certain tests 
Apart from the loutine blood and urim^ 
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CAT scan is the most advanced diagnostic aid /or Investigating brain abnormalities. Here the 
photographs of the scans of four common space-occupying lesions of the brain which cause headachy 
are shown: (1) malignant brain tumour; (2) benign tumour; (3) hemorrhage; and (4) abscess in the brain 


tests, X-rays of the chest and skull are 
taken. These may or may not throw«any 
light on the disease process 

However, the most harmless and conclu- 
sivc test IS the CAT whereby a co¬ 
mputerised scan of the brain is obtained 
This test excludes the possibility of a 
tumour, etc, or helps a doctor conclude 
about the size, shape, site and type of a 
brain tumour or brain hemorrhage Even 
degeneration or lack of blood supply to any 
part (or parts) of the brain or accumulation 
of water (fluids) in the brain are spotted by 
the'CAT In other words, a specialist can 
arrive at a correct and accurate diagnosis 
li^ looking at the scan. 

The most important thing to us is relief 
from suffering. Does the treatment of 


headaches leaur any disability^ 

The most important step in the 
treatment of headache is to uncover and 
remoye the underlying disease or fun 
ctional disturbance* Foj[ example, in the 
case of the common, everyday headache 
due to fatigue or tension, it's simple 
enough to advise avoidance of any 
offending activity, alcohol, and tobacco, 
and symptomatic therapy can be given 
For migraine, cluster headaches and 
tension headaches, too, symptomatic 
treatment is given And these headaches 
are not fatal It is brain tumour, hemorr¬ 
hage, meningitis, ^tc which need drastic 
treatment Most of these cases require 
surgery Depending cm the type (benign or 
malignant) and the situation of the tumour 


or hemorrhage, a si^ecialist can tell 
whether the operation is going to be fatal, 
or whether it will leave any disability A 
brain tumour if not adequately (treated) is 
certanly going to he fatal 

And now that I have already examined 
you, I feel that your headache is likely to he 
due to uncontrolled high blood pressure. 1 
will want certain investigations done 
before we start treatment 

V.R. Parikh 

Dr Pankh ts Honorary Associate Professor of 
Neurosurgery at the J.J Hospital and the 
Grant Medical Coffege, Bombay He is also an 
honorary neurosurgeon at the Bhata Hospital 
and NanSuati Hospital, Bombay 
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COMPUTEHinM) 

LEAmilNG TO THIHK 


I N a recent novel, a computer 
takes over the office of the 
President of USA. The fear that the 
machines we are building today 
may rule over us tomorrow is 
prevalent among many people. Indeed, 
even among computer scientists, who 
are involved in the making of "intelli¬ 
gent” machines, there is a raging 
debate about the advisability of such 
efforts. The brunt of the attack is on 
that branch of computer science 
known as artificial intelligence (Al) or 
machine intelligence. 

But, why all this fuss? After all, we 
know that the computer is opiy a 
machine, and does exactly what it is 
told and little else. Then, where is the 
question of a computer acquiring 
intelligence? How can a machine 
think? 

The issue is philosophical and there 
are no clear-cut answers to these 
questions. We know little about the 
human brain, and even less about its 
thought proces.ses. There is not even a 
consensus on what intelligence really 
means (SCIENCE TODAY. Nov. 1984) 
Hence, one justification for attempting 
to model intelligence can be that it may 
lead to a better understanding of the 
human mind itself 
On the other hand, we can choose 
Fig. I Search tree for chess 


to ignore human behaviour, define 
intelligence in whatever way is con¬ 
venient (say by/IQ tests or by the 
ability to play some games) and only 
try to build machines which exhibit 
^uch intelligence. Intelligence is usually 
defined to be the ability to solve a 
problem in an unfamiliar situation, 
based on knowledge and learning from 
past experiences in familiar situations. 

Search 

How does one program computers 
to render them intelligent? Normally, 
when we write a program, we have an 
idea about the solution and instruct 
the computer accordingly. Can we ask 
a computer to solve a problem, even 
when we do not know how exactly to 
go about it? Yes, indeed, and it is this 
concept that essentially underlies the 
science of machine intelligence. We 
just inform the computer about all 
possible answers and make it search 
through them to find the correct 
answer. A computer, with its pheno¬ 
menal speed and vast memory, is well 
equipped to do this job Intelligent 
p^ormance of the program lies in 
guiding the search to achieve effi¬ 
ciency. 

Blind search for solutions is almost 
never feasible. In a chess game, if you 




Fig. 2 Look-ahead 


want to consider all possible alter 
natives at all times (including plans for 
many moves ahead—the opponent s 
as well as your own), you would have 
to consider about 10^^^ possibilities, 
looking through which would take' 
billions of centuries even for the 
fastest computer on Earth. The clue to 
intelligent behaviour lies in 
in a highly selective way, 
only alternatives with a good chance of 
winning 

This is achieved by the use of 
heuristics. A heuristic is a riile-of 
thumb, a stratagem, an advice or any 
other way by which we drastically limit 
the search. A heuristic might work 
most of the time, but not always. This 
is as opposed to an algorithm, which is 
guaranteed to give the correct soluticn 
As an example of a heuristic, think of a 
chess novice, who only sticks to moves 
which protect the queen, regardless 
other possibilities. 

There are many aspects to u 
heuristicaly guided search: 

(a) We have to choose an appropriate 
representation for the problem and 
the possible answers (called the 
search space) in such a way that 
facilitates search 

(b) We have to plan or organise 
search 

(c) There may be many methods or 
search strategies and we have to make 
restricted use of the appropriate 
methods. This is achieved bv recog 
nising patterns in the search space 
and using them to decide on strategies 

(d) Search should be directed 
accord with earlier experience, whici* 
means that some kind of learning 
should be incorporated. 


searching 

exploring 




Search trees 

Suppose we are writing a computer 
program to play chess(SCIFNCE TODAY. 
Oct 1983).Evcry move of ours is 
chosen from a number of possible 
ones. For each of these, we need to 
anticipate the opponent's moves and 
plan a proper retaliation. This situation 
% depicted in figure 1, in the form of an 
inverted tree, with the root on top and 
branches moving downwards. Such 
search trees are commonly used in 
the study of artificial intelligence A 
solution would simply be a path in this 
tree from the root downwards, all the 
way to a point where we reach th6 
goal. 

Fig. 4 Minimaxing 


But as we said earlier, considering 
all paths in the tree would take-billions 
of centuries, so we should look for 
short-cuts. We can pick only those 
that are locally the most promising 
ones.This is called a look-ahead 
technique. For example, we may 
decide to analyse just three moves 
ahead. However, since such an 
analysis is not guaranteed to result in a 
win, we should be able to find at least 
the paths that are more likely to lead to 
a win. For this we need some way of 
scoring each move so that the one 
with a better score ensures greater 
chance of winning 
Let us assume that on some basis 
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Fig. 3 Two4^vel look-ahead 


we assign numerical scores to each 
possible move We assign positive 
scores for moves which help our win 
and negative ones for those that are 
favourable to our opponent. Then, we 
go on to choose the move with the 
maximum positive score. For example, 
if we have a situation as in figure 2, 
move A seems to be the best choice. 

However, if we care to look a little 
further atiead, the situation may (urn 
out to be very different (Fig.3).The 
opponent may choose the move 
resulting in-5. Now it looks as if we 
would have done better by choosing B, 
instead of A To take care of such 
pitfalls, we proceed as follows: assu¬ 
ming the lowest level scores,we 
proceed upwards. Whenever we 
consider the score for the opponent's 
moves, we carry up only the minimum, 
and for our own, we carry up the 
maximum score. This procedure is 
called minimaxing, and the new tree 
IS drawn in figure 4. This can be done 
to as many levels of look-ahead as we 
please. 
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In fact, this pav/es the way for us 
even to discard whole chunks of 
possibilities in the tree For example, 
consider the situation in figure 5 The 
shaded portion in the Hguie may 
consist of millions of possibilities, but 
not one need be considered (As an 
exercise, the reader is advised to 
pause and figure out why The answer 
is given at the end of the article ) 

The main question that is yet to be 
answered is, how do we decide on the 
scores and how many levels of look¬ 
ahead are needed? I'his is where 
heuristics play a major role Since the 
number ot alternatives is large at each 
point, with increasing levels of look¬ 
ahead, the total number increases 
exponentially This problem is referred 
to ascombinotoria/exp/osiofi Usually, 
not all alternatives are considered 
• Some features of each move,like the 
king's safety, the defence of one s men 
^ and the attack of the opponent’s men, 
are used to limit the number of aiterna- 
^ fives. As for look-ahead, some moves are 
defined to be more crucial than others, 
and more look-ahead is done for 


these For scoring, factors like avail¬ 
able strength, king defence, area 
control and mobility are used These 
heuristics are decided after studying 
several games of grandmasters Only 
after aD this is put together, the 
program shows signs of intelligence. 
Programming a robot 
Apart from in science fiction, robots 
are now being used in industry as well, 
primarily in countries like the USA and 
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Japan (SCIENCE TODAY. JULY 1984) 
We read about unmanned expeditions 
into space where robots perform 
experiments and collect data. Such 
robots perform complex jobs and 
exhibit to some extent,nteDigence.Foi 
example, a moving robot can re^bipg- 
nise an obstacle on the way and skirt 
around it. How does one program 
such robots? 

If a robot were to search through all 
possible actions at every step the 
combinatorial explosion would ensure 
that no action would ever take place! 
The solution is to plan out its actions 
in such a way that the desired goal is 
achieved. At each instant, the robot 
studies its current situation and ' 
chooses an action which helps to 
minimise the difference between this 
and the required situation. This is 
called means-ends analysis Let us** 
study this m some detail. 

Assume that the robot is in a room 
where there are three boxes as in 
figure 6 Suppose we require the 
situation to be as in figure 7, where the 
boxes are stacked Further, we 
assume that there is extra space on 
the floor to keep the boxes tempo¬ 
rarily. If the robot can take twe 
commands 


1 go to place x from place y 

2 take object O from place y 
to place z 

we need to know two things before 
issuing these commands—when the 
command is valid (its preconditions) 
and the effects of carrying out the 


Fig. 7 




command (its postconditions). The 
precondition fqr the first command is 
that the robot must be at x. Its post 
condition is, it is m y. For the second 
command, the precondition is that 
both robot and the object O are in 
.rIaM y and z is clear. The post- 
coiintion would be that both the robot 
and O are at z and y is clear. We 
assume that y is always different from 
z. We also have a set of initial condi 
tions like “robot is at r”, “box B is at p” 
which we call our knowledge base. 

Applying the two commands one at 
a time we can arrive at the required 
situation (Fig. 8). But we have run into 


rig. 8 



P 9 

a problem here. We forgot that B 
should be on top of C. Now we cannot 
^ move B without shifting A If we put it 
«t)n C, we are back to square one, so the 
best thing is to put it down, which 
could have been done earlier Intelli¬ 
gence IS precisely the ability to reason 
out this way to avoid false start? like 
this. We need to have the robot make 
the necessary mferences. 

Inference 

Reasoning is the process of inferring 
conclusions from premises by applying 
what are called inference rules and 
using facts (called axioms). For 
example, **fIoor is clear” can be taken 
as an axiom, since some clear space is 
always available. An inference rule 
may be ‘'A is on B” and “B is at x” 
yimplies“Aisatx”. One way of deducing 
a plan for the robot is to start with the 
final situation and work backwards, 
reasoning out at each step what needs 


to be done. The final situation here, is* 
“A is on Bi B IS on C. C is at q and the 
robot is at q ” 

Working backwards from this situa 
tion, we can think of a plan for the 
robot to do the job We must 
remember that with each command 
executed the situation or the pre¬ 
condition changes This way of 
working backwards is called back¬ 
ward deduction or top-down reaso¬ 
ning. A plan deduced this way is also 
shown in figure 9 



This should be contrasted with 
forward deduction or boftom-up 
reasoning, where we first derive all the 
possible conclusions we can from the 
given facts These conclusions are 
again checked against the facts 
Usually this becomes very inconven¬ 
ient since our data base gets cluttered 
with lots of unnecessary details 
Intelligence lies in remembeiing only 
those details which we need and 
ignoring the rest An important task of 
artificial intelligence programs is to 
have heuristics to decide which details 
to “forget" We are also doing this, 

subconciously, all the time 

• 

Induction . « 

The kind of inference that we have 
talked about is deductive, where we 
infer facts from given facts according 
to certain laws There is another type 
of inference which is fundamental to 
artificial intelligence called induction, 
the process of constructing general 
statements about events beyond 
recorded experience 
Look at the following pairs of words 
and fill in the blank: 

REAiySEAL. MEAT/NEAT BORE/ — 
How did you do it? You noticed a 


regularity in the pairs, namely, that the 
first letter of the second word is one 
later in the alphabet than the first letter 
of the first word in the pair Using this 
rule you concluded that CORE must 
follow BORE. Thus detecting a paf fern is 
central to performing any induction. 

The general way of doing this is as 
follows; study a small part of the given 
facts, formulate a hypothesis, enlarge 
the small part and test the hypothesis 
if required, and repeat this process till 
all the facts are encompassed by the 
hypothesis. Then it becomes a rule Of 
course ,we may arriveat contradictions 
on the way and hence may have tp 
look for a new hypothesis altogether. 
Such hypothetical reasoning is said to 
play a major role in human reasoning 
which IS largely based upon analogies 
and similarities 

Inductive inference appears in arti¬ 
ficial intelligence in many applications, 
the most important being learning 
and pattern recognition. When a 
chess prograrn loses the game many 
times-after the queen 15 lost, it should 
learn by induction that it is not wise to 
lose the queen. When a robot keeps 
hitting the wall, it should learn by 
induction that it cannot go through a 
wall Pattern recognition is the general 
problem of studying a set of inputs and 
discovering the underlying rule of 
which they arc instances More about 
It later 

The Answer 

Since the scores at D and E are cis a 
result uf the opponent’s moves, the 
score at C is the minimum of those at D 
and B and hence some number less than 
or equal to 6 To get the score at A we 
need the maximum of B and C, which iS 
cleatly 12 Thus the score of A can be 
decided completely ignoring all patterns 
leading down from £, which can include 
a great number of possibilities 
Though our example is simple, this 
technique can be used in very sophisti- 
c ated ways, called alpha-beta pruning 
m the literature 

The out hots ate insiting scientists at the 
National Centre foi Software Deivlupment and 
Computing Techniques (NCSDCT), Tata 
Institute of Fundamental Research, tiombav 
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According to the report, ths 
IS the area where the giant 
frog was sightedf 














^ic’kle your brains! 


Vidya Dhar 

CIENTIFIC literature is replete with adjectives that have a *tic’ in it. 

And the variety can really have a hypnotic effect For there is ^static’ 
^ W makes you stay still and take note while ‘magnetic' attracts you 

^^ with force. If ‘elastic* stretches your imagination ‘galactic ’ takes you 
on a grand tour of the universe. We list ten of these, to ‘tic’ kle your brains 
So play‘tic-tac-toe* with them. Answers on pages 70 and 71 


^V^diabatic; 

’^A) Cured from diabetes 

B) Without change in internal 
energy 

C) Additionally effective in pre¬ 
vention 

2) Photosynthetic: 

A) Relating to trick photography 

B) Concerning synthesis of che¬ 
mical compounds with the 
help of light 

C) Manufacturing by fibre optic 
technique 

3) Synaptic: 

A) Relating to the point of 


contact between two nerves 

B) Synchronous 

C) Artificially lighted 

4) Magmatic: 

A) Relating to mathematics 

B) Nonmagnetic 

C) Pertaining to molten rock 

5) Chemotactic: 

A) Movement influenced by a 
chemical agent 

B) Strategy of chemical warfare 

C) Balancing a chemical equation 

6) Pneumatic: 

A) Susceptible to pneumonia 

B) Pertaining to or operated by 


aic or another gas 

C) Pertaining to the brain 

7) Aliphatic: 

A) Causing chaffed lips 

B) Tendency to be fat 

C) Organic compounds forming 
straight, long chains 

8) Holistic: 

A) Hollow and tubular 

B) A system functionally greater 
than the sum of its parts 

C) Arising out of a positron 
“hole” 

9) Astigmatic: 

A) Pertaining to the stigma 

B) Antidote for asthma 

C) A defect of vision 

10) Ballistic: 

A) Missile mechanics 

B) Concerning the ballast 

C) Resulting from a large bolus 
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A NEW MESON? 


XPERIMENTAL observation of the 
peculiar break-ups of the weak 
quantum known as Z is causing bt 
of excitement in the camp of particle 
physicists. The break-up of the Z into a 
triplet of particles—electron, position and 
a light quantum—does not seem to square 
up with the theoretical expectations An 
interesting speculation is that these 
observations do not refer to the Z but 
instead to a heavy meson termed *Zeta\ 
which happens to lie near the Z 
A couple of years ago the Super Proton 
Synchrotron (SPS) at Geneva has begun 
operating Two experimental groups work¬ 
ing independently announced that the 
much-talked about carriers of weak force 
do indeed exist at the expected masses 
These are the charged quanta W (*W-plus' 
and 'W-minus’ are antiparticles of each 
other) and the neutral quantum Z The 
unified theory of the weak and electro¬ 
magnetic forces proposed by Glashow, 
Weinberg and Salam (for which they 
received the 1979 Nobel Prize) predicted 
the mass of W to be about 80 Gev and Z to 
be about 90 Gev (The unit of energy Gev, 
short for Giga-elertron Volt, is about the 
mass of the hydrogen atom, through the 
Einstein’s relation E - M c^) 

Two experimental collaborations dis¬ 
covered the W’s and the Z at the correct 
masses by searching for their disintegra¬ 
tions* W breaking up into an electron and 
an invisible neutrino (registered as some 
missing energy m the process), and Z by its 
decay into an electron-position pair 
However, of the dozen examples of the 
Z as many as one fourth of them are found 
to have an energetic light quantum or 
photon emitted with the electron pcjsition 
pair Although such a process in which a 
photon accompanies the electron-positron 
pair IS not taboo according to the known 
theoretical ideas, it should occur only one e 
in a few hundred ordinary photonless 
events Thus the processes with the 
photon which are expected to be rare arc 
observed to occur rather frequently 
Many suggestions have been offered to 
explain the frequent occurence of these 
‘rare’ events, with varying degrees of 
credibility The suggestion of the TIER 
theorists, V Gupta and K V L Sarma, 
(Ph\;sics Letters 144B. 447) is that these 
processes signal the decay of a new 
meson, which they call ‘Zeta’, whose mass 
IS in the proximity of that of Z 
A meson can be thought of as a bound 
system of a quark and an antiquark, the 
attractive force necessary to bind*them is 


provided by a quantum called *gluon' A 
quark is regarded as a point particle 
without any further structure. Until now 
there is no experimental evidence to 
indicate that the quark possesses any 
structure, i.e there is no evidence to say 
that the quark is, in turn, composed of 
some other smaller units. 

However, it is possible that the quark is 
really not the ultimate constituent of 
matter but it has its own constituents 
called *sub-quarks', which are, in turn, 
composed of still smaller entities, and so 
on, like the various layers of the “Cosmic 
Onion” in such a view, a quark can 
occasionally exist in a heavier state 
because of adifferent internal arrangement 
of the sub-quarks An “excited quark” 
once produced can form a new meson by 


T IS well established that the risk 
posed by nuclear power reactors is 
lower than other sources of bulk 
power, and also much lower as 
compared with other sectors of industrial 
activity such as chemical industry, transpor¬ 
tation, mining, etc Nevertheless efforts 
have been continuing to improve safety 
The most logical direction for these 
efforts has been to 'add-on’ the so-called 
'engineered safety features' which protect 
the reactor and also the environment By 
engineering a proper configuration of 
these highly reliable systems, it has been 
possible to achieve the high standards of 
safety with current designs of nuclear 
reactors To assure safety, a detailed 
safety analysis is performed of the reactor 
system for various postulated malfunctions, 
errors and events or failures that /:ould 
arise within or outside the reactor plant 
For each of the cases considered, 
compliance with the criteria set by the 
regulatory body has to be demonstrated 
The review of .his safety analysis is carried 
out by an independent set of experts 
Over the years, the safety characteristics 
of reactor systems and the methods of 
carrying out the safety analysis have been 
continuously improved upon And with the 
current state of krK)wledge, it is possible to 
even quantify the risk and demonstrate it 
to be lower than other sectors of industrial 
activity 


combining with an ordinary antiquark The 
Zeta particle may be the least massive of 
such a new type of mesons ‘ Now the 
conjecture is that the Zeta may be 
responsbile for the observations which are 
at present attributed to the weak quantum 
Z. 

In the coming months more data on the 
peculiar decays of Z are expected 
gathered by the experimenters working at 
the SPS accelerator in Switzerland It 
should then be possible to check whether 
the new forms of matter such as the 
postulated Zeta meson indeed exist in 
nature 

K.V.L. Sarnia 

Dr Sarma is with the Theoietical P/iysrcs 
Group, T1FR, Bombov 


The question of public acceptance of 
this very important tx^wer source has not, 
however, been fully resolved in the 
western world which has already seen a 
very large growth of nuclear power—a 
sizeable fraction of their power needs is 
now denved from nuclear power Although 
the possibility of a failure has been shown 
to be acceptably low. the arguments for 
safety are not yet able to convince 
sufficiently some members of common 
public 

It IS in this context that the search for 
“inherently safe reactors" was started by * 
some groups Institute for Energy Analysis, 
under the sponsorship of the US 
Department of Energy convened a two 
day workshop in May 1980 Possibility of 
designing a practical inherently safe 
reactor was discussed by a group 
consisting of many of those responsible for 
setting nuclear energy on its present 
course The idea was to design reactors 
whose safety depends not on the mterven 
tion of humans or of electro-mechanical 
devices but on immutable and well 
understood laws of physics and chemistry 

In an article (Science 224, 1398)" ''In 
herently safe reactors and a second 
nuclear era” the authors Alvin M. 
Weinberg and Irving Spiewak have des- ^ 
cribed two such well-thought out ideas for^ 
the inherently safe reactor The first ^ ! 
concept is the 'Process Inherent Ultimately 


Inherently safe readers 
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Safe, <PIU5) reactor being developed in 
Sweden by ASEA/ATOM, and the second 
one is the modular High Temperature Gas 
(HTG) reactor being developed in the US 
and Germany 

For any reactor, safety depends on its 
ability to ensure safe shut down at any time 
and to keep the reactor core cool. 

continue to generate substantial 
heat even after termination of the nuclear 
chain reaction This heat generation 
decays gradually 

Tne PIUS reactor is essentially a 500-MWc 
PWRThe reactor pressure vessel, the 
steam generators, primary cooling system 
pumps and interconnecting piping are all 
immersed in a large pool of borated water 
This water pool is maintained at full reactor 
pressure and is interconnected with the 
primary circuit of the reactor through 
pressure balance interfaces below the core 
and at the top of the vessel Any 
abnormality in maintaining the normal flow 
of primary circuit leads to entry of borated 
;^atcr from the pool into the primary circuit 
through the process of natural convection 
This achieves both shut-down of the 
nuclear chain reaction as well as removal 
of decay heat The quantity of water m the 
pool IS sufficient to ensure cooling for at 
least a week in the absence of external 
source of water The protection against 
core melt down is achieved through 
passive physical principles without the 
intervention of active systems or reactor 
operators 

Although the concept looks attractive, a 
number of technical problems must be 
^■esolvcd before adopting such a concept 
^'he stability of interfaces separating the 
^ tiinary coolant from the pool water is one 
of the most important areas of development 
ot such a system 

The modular HTGR is a 100 MWe 
graphite-core, gas-cooled reactor llie 
inherent safety of this type of reactor is 
ensured by reactor's negative temperature 
coefficient which would terminate the 
chain reaction after a modest rise in 
temperature The power density in such a 
system is usually kept low and the 
geometrical configuration of the reactor is 
so adjusted that the decay heat could be 
conducted and radiated to the environment 
without overheating the fuel. Even here 
inherent safety is gained without operation 
of mechanical devices or intervention of 
operators. Some of the aspects of the HTG 
'factor have been demonstrated in the 
reactor developed in Germany.fFig 2) 

A number of smaller research reactor 
designs have, in fact, been demonstrated 


to be inherently safe These reactors have 
been used in many parts of the world for 
research purposes by universities and 
similar institutions. Some of these reactors 
can be left unattended Slow-poke type 
reactors developed in Canada are most 
noteworthy among these reactors A 

Doctoring genes of 
mice and men 

uring genetic diseases by gene 
therapy may soon turn out to 
be a reality, judging from the 
recent developments in recom 
binant DNA and genetic manipulation 
techniques These techniques will soon 
usher in a new era whereby some, if not all, 
inherited disorders will become manage 
able A beginning has been made in mice as 
reported by R E. Hamer and colleagues in 
Nature f311, 65) in a paper entitled 
Partial correction of murine hereditary 
growth disorder by germline incorporation 
of a new gene' 

The authors have made clever use of a 
mutant strain of mice called little (lit/lit) 
where ^he animals aie all dwarfs and the 
adults grow to cfniy one ftalf the size of the 
normal adults This strain of mice serves as 
a good model system for a human 
hereditary disorder (Type 1) which involves 
deficiency of the human growth hormone 
In this disorder, though the gene for the 
growth hormone is present, the amount of 
mRNA (the messenger RNA specifies the 
protein) produced is less This results in 
low circulating levels of this hormome, with 
a concomitant decrease in the level of 
sorr^tomedin hormone which influences 
the size to which an animal grows The 
authors microinjected a foreign gene, the 


larger version of this reactor can be us^ 
for district heating purpose in an un¬ 
attended manner 

Anil Kakodkar 

Dr Kakodkar is Head, Reactor Engineering 
Division, Bhabha Atomic Research Centre, 
Bombay 


rat growth hormone - metallothionein fus¬ 
ion gene into the mutant eggs (ht/lit) Of 
the forty one mice, seven lit/lit mice carried 
the foreign gene The transgenic mice as 
they are called, in fact, grew as giants upon 
maturity Not only was the deficiency 
corrected but the animals grew larger 
Breeding experiments with these trans¬ 
genic mice established that the gene was 
stably integrated into one of the chromo¬ 
somes and could also be genetically 
inherited However, the authors caution 
against overoptimism ot the present 
technology to humans due to practical 
reasons Only one per cent of the injected 
eggs developed into mice that expressed 
the gene, in these type of experiments the 
integration site of the foreign T'NA is 
unpredictable and many integrations may 
lead to new mutations In other words, it is 
nut possible to replace mutant UNA 
sequences with normal sequemes Hence 
I he mutant gene will not be eliminated from 
the gene pool and will probably segregate 
independently of the foriegn gene in the 
next generation These considerations, 
along with the fact that for most genetic 
diseases only one out of four offspring is at 
a risk, raise further doubts about applica 
tion of this technology !o humans 

Vasantha Subramanian 

Dr Siibrci^anian is a scientist at the Centre/or 
Cellutar and Mofeciilar Biotogy, Hyderabad 
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sbw 'Xowsa bar 
ab^\^ a %mall 
J.id.MKqMj4|has 
jum^d up to meet me magnet 
half the way. This unusual liquid is a 
ferromagnetic fluid or for short,«the 
ferrofluid. The ability of a ferrofluid to 
change its shape and flow in response 
to even weak.magnetic fields makes it 
most interesting. 

Normally, the mention of a magnet 
brings to our mind a solid thing in the 
shape of either a bar or a horse shoe 
which can attract tits and bits of iron. 
The bits of iron too are ferromagnetic 
but they are not permanent magnets. 
A ferromagnet consists of tiny regions, 
called domains, which consist of 
atomic magnets all aligned (the north 
poles of these point to one direction, 
with the south poles pointing in the 
opposite direction) within each 
domain. However, the different 
domains do not act coherently Each 
domain is surrounded by other 
domains which are oppositely magne- 
lised and the net effect is to kill its own 
as well as its neighbors’ magnetism. 
The permanent magnet, on the other 
hand, is more polished in its conduct 
Its magnetic domains reinforce each 
others’ magnetism by aligning them¬ 
selves parallel Thus it is able to attract 
other objects made of iron (Fig 1) 

Though the solid magnets have 
been known for long, it is only recently 
that the possibility of having liquid 
magnets was realised The history of 
magnetic liquids forms a classic 
example of a spin off process from the 
space science. In the early days of the 
US space programme, NASA faced a 
problem: how to feed fuel to an engine 
in zero gravity conditions —where the 
liquid doesn’t know which way is 
“down” so that it could flow down^ A 
scientist hit upon a novel idea, impart 
magnetic property to the fuel and 
draw it into the engine by using 
magnetic force This, however, was 
not implemented but the idea of 
magnetic fluid was planted An entirely 
new technology, based on this, was to 
take firm roots later 

How does one make a magnetic 
liquid at all? An obvious answ*er seems 



I onfortu^ateli^, the^mwetk^ti^afis 
We destroyed mufch nbr^yii stjid 
Magnet mel4—tn fmes tn^ bftd 
the atoms ii» a rolid are mu 
stronger than those which are res¬ 
ponsible for creating magnetic do¬ 
mains. The solution to this problem is 
to grind a ferromagnet into fine 
powder and disperse it into a liquid. 
The commercialy available ferrofluids 
consist of very fine particles of either 
ferrite or any other ferromagnetic 
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an^< 
liqujjtl su^a 
F^uunfibil. Bich' 
parficle is ilj^roxii 
one domain existing ii 
tiny pieces are uniformly dispersed by 
the constant bumping (Brdv^nian^ 
motion) of the water or other 
molecules present in the medium 
There would be a tendency for these 
particles to coalesce into bigger 
particles when they become too heavy 
to be kept in suspension at which 
stage these heavy particles sediment 
Preventing this coalescence represents 
the main hurdle in the development of 
ferrofluids. The trick used for keeping 
these particles from coming together 
consists in coating them with suitably 
chosen long chain molecules like a 
surfactant oleic acid. The surfacta^ 
oleic acid used for coating, is shown fff 
figures 2 and 3. When two 
coated particles approach each other, 
the surfactant molecules which were 
moving freely uniti now feel restricted 
(Fig. 4). The conformations which the 
surfactant molecule can assume tend 
to be limited, resulting in a repulsion 
Briefly, these surfactant molecules on 
the surface of the particle, act like tiny 
springs and push the other particles 
which come too close, preventing, 
coalescence. A proper choice of the 
surfactant and an evaluation of the 
stability of the suspension are the ma ' 
problems encountered in the making 
of ferrofluids. It is now possible to 
prepare dispersions which are stable 
for years without losing their proper 
ties Normally, in a ferrofluid, one has 
about 10*’ to 10** particles per cubic 
centimetre of the fluid 

A typical preparation of ferrofluid 
would consist in grinding ferrite 
particles, mixed with a suitable solvent 
like kerosene, along with oleic and 
The grinding would continue foi 
several hours—perhaps a week! The 
grinding is completed when the 
magnetic particles become a “part” of 
the liquid medium. This is easily test^* 
by bringing a magnet close to 
surface of the liquid. If the liquid jumps 
up to meet the magnet then, it indeed 
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Fig. 

is a ferrofluid. At this stage, the 
particles which are attracted, drag the 
liquid along with them to the magnet. If 
the fluid is stable, the viscosity of this 
dispersion remains constant with 
time 

Commercial applications 
The main interest in the ferrofluids 
stems from the several attractive 
applications, some of which have 
already been marketed Most of the 
applications result from the ability of 
the ferrofluid to move to a point where 
the magnetic field is maximum and 
remain confined there One of the first 
applications to enter the market, in a 
big way, is the Ferrofluidic seal 
developed by the Ferrofluid Corpora¬ 
tion of USA. The basic idea of the seal is 
shown in figure 5. The shaft S rotates 
\Jith one end in vacuum and the other 
at the atmospheric pressure The 
pressure difference is maintained by a 
small amount of ferrofluid in the tiny 
gap between the shaft and the 
support The support is made of a 
permanent magnet which holds the 
liquid in position. This ferrofluid 
, provides a zero leak seal with no tear, 
as there is no mechanical contact 
between the magnet and the shaft 
The extent of the pressure difference 
that can be maintained depends on the 
properties such as magnetisation, 
•'.Icosity and rate of evaporation 
Manufacturers claim successful opera¬ 
tion at speeds in the order of 10,000 
RPM (revolutions per minute) without a 
trace of leakage against a pressure 
difference of several atmospheres. 
Such seals are useful, for instance, m 
an x-ray tube with a rotating anode 
The anode, here, is housed in a 
vacuum and the electrons hit the 
anode with‘great force to generate x* 
rays. The point where the electrons hit 
become the hot spot in the anode and 
the life of the anode is reduced In 
order to circumvent this problem the 
anode is sealed with a ferrofluid and 
4^rotated from outside so that no hot 
?hots develop. In general, the ferro¬ 
fluid seals are useful in vacuum 
technology. These seals are also 
enuirging as exclusion devices to 


1 

exclude moisture, corrosive gases and 
other environments from sensitive 
parts of the machinery. A typical 
example being its use in magnetic 
storage disks in computers These 
disks rotate at high speeds with the 
read/write head just at one micron 
distance from the disk. Any contami¬ 
nant such as hair or dust can damage 
the disk. A ferrofluid seal makes a near 
perfect dust free environment possi¬ 
ble Often, ferrofluids can be formu¬ 
lated to withstand highly corrosive 




Fig. 4 

conditions (vapours such as HCI) • 
These are used in chemical reactors 
along with the shafts used for mixing 
the chemicals. The ferrofluids seal off 
the corrosive atmosphere, from the 
environment 

Another type of use of liquid 
magnets i^as dampers, for instance, in 
loud speakers. The principle behind 
this application is shown in figure 6. 
The conventional loud speakers con¬ 
sist of a cone with a coil attached to the 
tip of the cone This coil moves in 
between a magnetic pole piece in a 
narrow gap as shown. This cone has a 
natural frequency of its own and 
therefore responds abnormally 
strongly to any input signal of the same 
frequency. This effect mars the fidelity 
crucial in the loud speakers. A small 
amount of the right ferrofluid sitting in 
the gap between the coil and the 
magnet, as though the gap was made 
for it, damps any spurious resonances 
improving greatly the fidelity of the 
sound A big bonus arising out of this 
small change in design is the improved 
thermal contact between the coil and 
the magnet The heat generated is 
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dissipated much faster from the coil 
allowing the speaker to operate at 
much higher power levels. For a 
typical power input of only 3 watts, the 
temperature of the coil is above 
that of the magnet with the ferrofluid 
inserted, while in the absence of this 
ferrofluid the corresponding rise would 
be 50"C! Manufacturers also noticed 
that the ferrofluid provided a small 
centering force keeping the coil away 
from the solid walls of the air gap This 
force was sufficient to convert some of 
the reject speaker drivers into useful 
ones Without the ferrofluid the voice 
coil would rub which is prevented by 
the ferrofluid. The ferrofluid as a 
damper has been found useful in 
stepper motors also Here the ferro¬ 
fluid is inserted between the stator and 
the rotor This facilitates the stepwise 
rotations to follow the voltage without 
overshooting. 

Numerous other applications have 
emerged for the use of ferrofluids— 
flowmeters, viscometers, pressure 
transducers and ink-jet printing valves 
Apart from engineering applications 
the ferrofluids are also considered for 
applications in surgery The ferrofluid 
can be injected in a vein and held in a 
proper position by a magnet to 
prevent blood loss during surgery 
However, the toxic effects of these 
liquids have yet to be evaluated 

In dilute solutions the ferrofluids arc 
transparent. Their optical properties, 
such as refractive index, are a strong 
function of the magnetic field This is 
expected to lead to the development 
of magneto-optic devices m future 

A new science 

The ferrofluids arc to be regarded as 
a new kind of fluids whose flow 
properties arc like ordinary fluids in 
the absence of a magnetic field Their 
properties can be controlled and 
altered to suit our needs by externally 
applied magnetic fields This has given 
rise to a new branch of science, the 
hydrodynamics of ferrofluids The 
varied shapes assumed by the ferro¬ 
fluid surface in the presence of 
currents and the magnetic fields are 
most interesting and throw a challenge 


Fig. 6 



COIL 
CONE 


to the theoretical scientists (figs 7a 
and 7b) Figure 7a shows a wire 
standing in the middle of a bowl 
containing the ferrofluid with no 
current in the wire. Figure 7b shows 
the same thing with a current carrying 
wire One can see that the ferrofluid 


probed. The tiny magnetic particles 
join up into structures like strings and 
loops which are continuously changing 
from one to another. These structures 
change when a magnetic field is 
applied and thus give rise to structural 
chages within the fluid. The ddf^cn 
dence of these structures on number, 
size, temperature, magnetic field, 
viscosity and flow rate form some of 
the challenging problems in statistical 
mechanics The existence of such 
structures is just beginning to be 



• Fig.7 


starts climbing the wire, being pulled 
by the magnetic field surrounding the 
wire The height to which it rises and 
the shape of the surface' depends on 
the nature of the ferrofluid and the 
current carried in the wire. When a 
magnet is brought close to the surfaefe 
of a ferrofluid, the surface instabilities 
that develop are really startling. The 
regular geometric patterns that develop 
are most interesting for the theorist. 

Ferrofluids have interesting stru¬ 
ctures which are just beginning to be 


b 

probed using powerful techniques like 
neutron scattering It looks as though 
they resemble polymer solutions, 
structurally. 

To sum up, the field of ferrofluids is 
an emerging area offering a number of 
applications as well as challenges. 

Dr Manohar is attached to the Chemistry 
Division of Bhahha Atomic Research Centre.^ 
Bombay His main interests are in the 
interdiscipbnary areas oj surfactants, liquid 
crystals, microemulsions and catalysis 
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From shaman to 
specialist 


HE renowned Italian dramatist Ugo 
Betti who ueis a judge by profession 
once wrote, '‘Everyone has, inside 
himself what shall I call it? A piece 
of good newsi Everyone is . a very great, 
very important character " Well said, Judge 
Betti But "important" as compared to 
And even the optimistic Mr Betti 
^0bv1a agree that although each one of us 
has a unique life expenence, not everyone 
of us can effectively convey that "importance 
of being someone" to our fellow beings 
There are diarists and diarists but only one 
Samuel Pepys or Virginia Woolfe Similarly 
there are essayists and essayists (re 
member the English composition class?) 
but only one E B White or Lewis 
Thomas 

To my mind the achievement of Lewis 
Thomas is the one more remarkable For, 
by profession, he is a scientist and not a 
scribe He is known for his research in 
immunobgy, microbiology and pathology 
^He has also been a top administrator in 
Several of the most important medical 
institutions in the United States dean of 
the School of Medicine at New York 
University and later at Yale, which he left 
in 1973 to become the president and chief 
executive officer of the Memorial Sloan 
Kettering Cancer Centre He is now also 
a professor at the State University of 
New York at Stony Brook These are 
credentials dazzling enough But they 
would still not be sufficient to earn for 
Thomas the kind of recognition and 
following he enjoys today His writings 
have brought him that 
^ In the early 197()s Dr Thomas began to 
)hte essays for The New England Journal 
o] Mediune under prodding from its 
redoubtable editor, Franze Ingelberger 
(who was Thomas's Senior at the Boston 
City Hospital during internship) Says 
Thomas "1 had not written anything for 
fun since medical school and a couple of 
years thereafter, except for occasional 
light verse and once in a while a serious but 
not a very clear or very good poem Good 
bad verse was what I was pretty good at 
The only other writing I'd done was 
scientific papers, around two hundred of 
them " Thomas’s essays, which were 
wntten for something over four years, 
were collected in a National Book Award 
winning The Lines of a Cell In 1979 came 
The Medusa and the Snail These were 
^otes (and more notes) of a biolog/ watcher 

* '*As compared to what?” was James 
Thurber's response to the question,” How 
IS your mother in law?” 


(as the subtitles proclaimed) They were 
engaging discursions on a wide variety of 
topics warts, cloning, Montaigne and 
Medusa (the jdlyfish, not the madam from 
Greek myths who could turn anyone 
seeing her face into stoneO 

The book under review,^ The Youngest 
Science, is subtitled Notes of a medicine 
watcher It tells the absotbing story of 
Lewis's professional life His father was a 
doctor, a GP who was very successful Dr 
Thomas Senior was skeptical about the 
healing abilities of the doctors of his day 
To be sure, there were enormous 
prescriptions written in Latin to "heighten 
the mystery The purpose of this kind of 
therapy was essentially reassurance A 
skilled, expenenced physician might have 
dozens of different formulations in his 
memory, ready for writing out in flawless 
detail at a moment's notice, but all he 
could have predicted about them with any 
degree of certainty were the variations in 
the degree of bitterness of taste, the 
colour, the taste and the likely effects of 
the concentrations of alchohol used as 
solvent They were placebos, and they had 
been the principal mainstay of medicine, 
the sole technology, for so long a time- 
millennia—that they had the meantory 
power of religious ntual ” 

Dr Thomas Senior’s "long disenchant 
ment with medical therapy was gradually 
replaced by an interest in surgery, for 
which he found himself endowed with 
special talent Years later, after his death, 
I was told by some his younger colleagues 
that his opinion was especially valued, and 
widely sought throughout the country, 
because of his known reluctance to 
operate on a patient until he was entirely 
convinced that the operation was absolu 
tely necessary His income must have 
suffered because of this, but his reputation 
was solidly established ” 

The paragraph quoted above would 
have gladdened the heart of a critic of 
modern mediciile like IJSin Illich (latroge 
nesis or doctor/hospital induced disease is 
one of his iconoclastic concepts) But Dr 
Thomas Jr is too pragmatic too open 
minded (and poetic, too) about his 
profession to be miffed Indeed he himself 
would be sure *0 join Illich in searching for 
a remedy with which doctors might heal 
themselves 

As he chronicles his professional life 
from student to Doctor and Dean, 
Thomas tells us about the epochal 
revolution in modern medicine which he 
witnessed (and participated in) The 
revolution in drugs, in technology and in 


knowledge which has come about in but a 
few decades past This has freed medicine 
from Its earlier association with shamanism 
and magic And in that sense, medicine is 
the youngest science 
The revolution goes on Somewhere 
along the way the computer, too, has 
pined man m the fight against disease But 
like the Camel who came to the Arab's 
tent, the computer is threatening to 
displace the human Long ago the healers 
and heralds of the gods themselves 
carried a white wand called Caduceus It 
had two serpents twined on it and 
represented the "opiate” power of the 
doctor That wand has been replaced by a 
stethoscope And today if you ask for 
Caduceus, you will be “accessed” to a 
computer programme by that name It 
offers the world's first diagnosis without 
doctors' Says Dr Thomas 
"Medicine was once the most respected 
of all the professions Today, when it 
possesses an array of technologies for 
treating (or curing) diseases which were 
simply beyond comprehension a few years 
ago, medicine is under attack for all sorts 
of reasons Doctors, critics say. are 
applied scientists, concerned only with the 
disease at hand but never with the patient 
as an individual, whole person They do 
not really listen They are unwilling or 
incapable of explaining things to sick people 
or their families They make mistakes in 
their risky technologies, hence the rapidly 
escalating cost of malpractice insurance 
They are accessible only in their offices in 
huge, alarming clinics or withm the walls of 
terrifying hospitals The word 'dehumanis 
mg’ is used as an epithet for the way they 
are trained, and for the way they practice 
The old art of medicine has been lost'' 
Well, no one can accuse Lewis Thomas 
of not expbining, of not caring or being 
indifferent It is a superb book one of the 
easiest (and most enjoyable) The only 
gripe is that having known Lewis as a 
doctor, one wants to know more about the 
man Perhaps he will write another 
autobiographical This one is third from a 
series sponsored by the Alfred P Sloan 
PourKiation—books by distinguished scien 
tists meant to make the process of scien 
tific discovery more understandable, more 
real and more exciting to the general 
reader The first was by the physic st 
Freeman Dyson (Disturbing the Uniuerse) 
and the second by the Nobel Laureate 
immunologist Peter Medawar (Advice to a 
Young Sqienfist) 

Vithal C. Nadkarni 


THE VOUHtJEST SClENCE*-NOTE& OF A MEDICINE WATCHEF 

ay UW^.aHo ti^ pxfoso 51* so 
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The Green Invaders 


Jayant Nariikar 


T om Rohrich glanced at the dash 
board, and did a mental calculation 
— still thirty-seven long miles to El 
Paso. It is one thing to read in a 
geography text that Texas is a vast state, it 
is another to drive across it Although in 
the past Tom had driven thousands of 
miles, today he felt the need for a 
companion to relieve the monotony of 
dnving on a straight highway Even the 
landscape offered no variation on (he 
theme of vast, open spaces with hardly any 
human habitations 

For the last hour, the fatigue had 
become unbearable He had to make it to 
El Paso before nigfitfall and the thought of 
food and rest must wait till then But would 
he make it at alP He was becoming 
increasingly doubtful of his ability to 
concentrate on driving Should he stop for 
a while and snatch a shut-eye for ten 
minutes? But what if he fell tast asleep and 


woke up too late^ 

The derision was made for him all of a 
sudden He had failed to notice a small 
bend in the straight load and with a jerk he 
found himself on the soft shoulder of the 
highwav Tom declared himself temporarily 
unfit to diive aiic^pulled to a stop by the 
road side 

The twilight sky to the west was full of 
glorious colours Tom was reminded of the 
many “westerns” he had seen as a 
schoolbody —the heroes riding across vast 
open spaces into the sunset !t was hard to 
think that this was reality- that such 
places still existed on the Earth Harder to 
believe if you have driven only the week 
before in downtown Manhattan during 
rush hour Why not imagine that you have 
been transported to another planet? After 
all. Tom was a sci-fi fant In that unearthly 
setting he let his imagination wander... 

Spaceships of alien design.. .weird 


extraterrestrials, .advanced supercivihza 
tions.. .do they exist in reality? Or is man 
alone in this vast Universe, as Tom was 
alone in this vast but empty setting^ 

Suddenly Tom realized that he was not 
alone On the western horizon he found a 
whitish spot Could it be Venus setting 
after the Sun?...But the spot became 
bigger and bigger To Tom's tired mind this 
seemed peculiar, until his brain rationa¬ 
lized whatever it was, was coming closer 
to him How big was the “thing**^ 

For the first time in his life Tom realized 
the difficulty of assessing the absolute size of 
an of^ct in an empty landscape. ... 
Was it an aeroplane in trouble 
preparing to crash-land? Ekit then the 
altitude of the '‘thing’* did not decrease-'^ 
and as it came closer, it certainly did not^ 
resemble a plane 

As the tHng approached Tom became 
conscious of a strange sound—pound that 
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became increasingly unbearable to his save him a kibmetre or so It was a go skywards As Shiva raised his eyes to 

ears. Tom got into the car and turned up all shortcut he had often used before see where “it" was going he saw a 

the windows The volume of the sound but only in board daylight Had he been spaceship of unusual appearance 

dropped, but as Tom realized it was not sober, he would not have used it on a Shiva was too scared to cry out ir. alarm 

the volume but the shrillness that was moonless night For, as all the village was His eais began to ache as he became 

bothering him convinced, that footpath was haunted aware of a strange sound coming from the 

His last conscious effort as he fell back in tonight Shiva was not scared—the direction of the spaceship 

his seat was to search desperately for drinks had 'ensurccT that He blundered Then he knew no more 

some paper tissues to plug hi* ears with... a*ong with the sole aim of getting to his 

farm as soon as possible obody knew her real name* everyone 

W hen Shiva got down from the State “." Shiva cuised softly as he 1^ called her Sister Maria She was a nun 

Transport bus and made his way to blundered against something Who would in a convent in Sicily. She was known to be 

his farm he was hardly in a position to walk come abng this god-forsaken track at this deaf and dumb from the day she had been 

His day in Satara had begun well and after time of the night^ left as an orphan at the door of the 

many months he had won unexpectedly in Shiva was not kept in the dark on that convent But she communicated with 

gambling Unfortunately he elected to count. There was a sudden flash of light others easily, with her fine handwriting and 

convert all his liquid assets into a truly and Shiva could see what or whom he had with the vivid pictures she could draw, 

liquid form and drink them down. bumped into What he saw instantly made It was unusual for Mana, a shy and 

Which is why when the conductor gently him sober reserved girl, to seek an audience with 

pushed him out of the bus at his village He had bumped into a man—but he was Mother Superior. Mana had been out fora, 

stop, Shiva decided to economize on all green. And as Shiva watched, the walk, as was her usual practice after the 

walking He knew a shortcut that would person became illuminated and began to evening prayers, but today she seemed 
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very excited when she came back 

“What is the matter, rhilcP” asked 
Mother kindly She gave Maria a writing 
|>ad aixl a pencil 

Maria had a lot to tell She drew a 
number of pictures and wrote a few lines 

The Mother Superior looked at the 
sheets with growing incredulity But Maria 
was not known to be given to fancies 
There must be some truth behind what she 
saw and reported. What did it all signify? 

The Mother clutched her cross as she 
questioned Maria further 

he party was in full swing 
Scientists from NASA’s Goddard 
Space Flight Center and from the 
University of Maryland had gathered to 
give a send off to Roger Buckland from 
Goddard, at his apartment 

Roger Buckland was regarded as an ace 
amongst the new generation of scientists 
brought up on NASA’s space expbits like 

Skylabs, Spacelabs, the Shuttle_Indeed 

in a span of a decade he had achieved a 
reputation that made him the most sought- 
after scientist for any new project... And 
Roger was amongst the few who could 
j' afford to turn down an exciting project 
i because of other commitments Whenever 
'' he took on a new assignment, Roger would 
' mutter* “This is my last scientific projcctt 
‘ After this I will have only golf and sailing’’ 

' But his colleagues knew that this resolution 
’ would last only for a weekend Come 
] Monday, and Roger would be back at his 
{desk. 

|| “1 can make a safe bet, Roger, that this 

|| time we will see you back at work after a 
] two month rest**’ commented a colleague 
sipping a dry Martini He had no objections 
; to send offs provided they were accom 
panied by parties 

“But, John, suppose I don’t come back 
' at all from my assignment^ What happens 
to your bet^” Roger asked with a twinkle in 
his eye 

“No such luck for us* We are sure, you 
: will be back like a yo-yo . .After all, 
I space travel is perhaps the safest means of 
"transport today ’’ 

“Yes, isn’t it strange’-^” agieed another 
;scientist,** space travel is safer than air 
travel which is safer than travelling in your 
< own car •’ 

, “And, taking the reasoning to its logical 
conclusion, the most dangerous mode of 
•travel is on foot, crossing the street If you 
'don’t believe it, try crossing a street in 
, iBombay/ said Willy Bones who had just 
Jbeen back from a trip to India 
v.;! Kumar Marathe, an ex-patnot from 


Bombay felt that it was his duty to clarify 
matters:” Willy, you forget one important 
thing* The zebra crossings in Bombay are 
for cosmetic purposes only No motorist 
will stop to give way to a pedestrian 
crossing them You illiterate westerners 
don’t know this simple fact ’’ 

While everybody joined in the laughter. 
Bones was quick to notice that Roger was 
not his usual jolly self. Willy Ek>nes was not 
a scientist: he was at the party because he 
happened to be staying with Roger But 
observing people was part of Willy’s 
business. 

The party was over and the last guest 
departed by two a.m Roger loaded the 
dishwasher with ten soiled glasses and 
returned the bottles to the crate 
“Black or white?" Willy had not been 
idle He had prepared coffee which he 
knew would be welcome both to Roger and 
himself 

“Black Thanks.’* Roger took the mug 
gratefully and reclined on the sofa 

Willy took the rocking chair Taking a 
sip of the black brew, he leaned back and 
then asked the question he had long meant 
to ask 

“Now. Roger, tell me Why does a space 
scientist need the help of an F B 1 agent?’’ 

Theie was a few moments silence as 
Roger quietly sipped his coffee. He seemed 
to be at a loss as to how to begin his 
answer Willy waited patiently At last 
“Willy, you know that today's party was 
my way of saying 'good bye* to my 
colleagues as I depart on my space 
mission ’’ 

"But that IS nothing new* I could see, 
even as an outsider, that they are treating it 
as an ’au re voir rather than as a 'good* 
bye’ After all, it is not your first trip ’’ 
“True, but 1 am convinced that this will 
be my last trip ’’ Seeing the look of polite 
incredulity on Willy's face. Roger got up, 
opened a drawer in his desk and dumped a 
pile of papers in front*of Willy* 

Willy opened the bundle and found that 
it contained newspaper cuttings ‘Flying 
saucers sighted in Texas’ 'Indian villager 
confronted by flying green men* ‘Italian 
nun visited by angels. . .** 

‘'Since when did you start attaching 
credence to such nonsense’^" Willy Bones 
knew that his boyhood friend had a healthy 
skepticism for flying saucers and other 
paranormal phenomena 
But Rogei was serious “Willy, I know 
that you know that I do not believe in such 
unconfirmed news reports On many 
occasions in the past I have publicly 


refuted claims made by cranks that they 
have seen or visited extraterrestrial 
creatures." 

"I know, Roger; but.” 

Roger was, however, too excited to let 
Willy continue 

“The whole flying saucer mania started 
back in 1947 when an amateur aeroplalro 
pilot Kenneth Arnold claimed to have seen 
such disc shaped objects following his 

aircraft.This started the avalanche of 

claims.... 

Willy managed to get in a sentence as 
Roger paused to sip his coffee* I know; but 
these claims were investigated and refuted 
by scientists.. 

“Exactly Project Blue Book, Project 

Sign.there are so many detailed 

investigations. And what did they reveal? 

.Nothing! Nothing, that is, to support 

the onginal claim that an ‘Unidentified 
Flying Object’ (UFO) was of alien origin 
People often mistake planet Venus for a 
UFO They may even have seen man-made 
aircrafts or spacecrafts ^Some are misled 
by optical illusions Some are mentally 
disturbed and unreliable witnesses.... 
And the worst of the lot are witnesses who 
fabricate the so - called evidence. 

“Yes, Roger, I have followed this 
controversy as a layman and I entirely 
agree with you Which is why I am 
surprised that you take these reports 
senouslvi" continued Bones, now firmly 
determined to get a word in edgeways 
‘‘Take this Texas incident, for example 
The witness has admitted that he was very 
tired and mentally not very alert. This 
Indian villager was plainly drunk... .As 
legards Sister Maria I do not know her 
previous record of credibility.. .The same 
problems of credibility arise when you 
look at these reports from Mexico, 
Cambodia... .and Australia Obviously 
there is more to it than meets the eye, since 
you are showing me all this ’’ 

“Willy, you are right None of these 
reports or witnesses are convincing They 
wouldn’t stand up to a legal cross 
examination But there is more to it 

Roger went to his desk again and from a 
locked drawer took out an envelope 
marked 'TOP SECRET He opened it and 
brought out a photograph. 

Willy studied the photograph first with 
his naked eyes and then through a 
magnifying glass he carried in his pocket 
Roger was watching him with amusement 
mixed with expectation. 

The expected reaction came Willy 
whistled. Roger continued. “What you see 
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through your magnifying glass has been 
inspected by us with a computeraided 
thousandfold magnification But you must 
have got the gist of the picture ” 

“Where did you acquire this picture?” 
“The picture was transmitted by my 
colleague Dick Frost who took it while on a 
'^ace mission Probably this was the last 
act in his life, for we do not know what 
happened to him or his spacecraft.” 

“But come* You can’t lose a spacecraft 
with no one knowing about it I don’t recall 
reading about the incident,** Willy was 
clearly surprised Roger nodded 
"I should not be telling you all this 
classified stuff* But that was the fourth 
spaceship we bst. The first one 
belonged to the military, the second to the 
C IA and the third contained scientific 
experiments Frost was sent to find out 
why the third one was lost He had 
instructions to transmit TV pictures of 
anything unusual he saw The photo 
transmission could be done automatic ally 
on pressing an emergency button, in case 
the observer was incapacitated.... 

“And this IS what happened Frost had 
about five seconds of acting under free will 
He pressed the button while trying to 
transmit a verbal message The button 
produced nearly a hundred picture frames 
like this one ” Roger concluded 
“And the message^ What did Frost 
say?” Willy asked expectantly 
“Willy, you asked me what a scientist 
wanted with an F B I investigatior. Well, 
here is your answer Frost's last and only 
woids were 

'Spaceship... with green men coming 
out...but..!” 

W illy lit his pipe It was an elaborate 
ritual for him which came m useful 
when he wanted time to think After he had 
completed the ritual and blown a couple of 
exploratory smoke rings in the air, he 
spoke 

“What IS the reputation of this man. 
Frost’ Is he given to fancies’” 

“It would be more appropriate to use the 
past tense, fpr I cannot imagine that he has 
survived this long, wherever he went. .. 
No, I cannot call him fanciful If at all, he 
was a dour, down-to-Earth type of man 
Did as he was told very efficiently But we 
never expected new ideas from him ” 
Roger explained. 

“In a free society like ours you cannot 
keep these accidents secret, much longer 
It will give ammunition to Senator 
Blackman/’ Willy spoke with a wry smile 
Senator Blackman was a great advocate 



of UFOs being examples of alien interven¬ 
tion Alien, that is, from beyond the Earth 
He always accused the scientists of 
pushing evidence under the carpet with a 
deliberate view to misleading the public 

“True! But as a last resort I am going on 
an investigative expedition to find out what 
happpned to Frost I have five assistants on 

this trip If we also don’t return_" 

“Then the whole Pandora’s box will have 
to be opened, Blackman or no Blackman,” 
said Willy, “But Roger, what is your own 
interpretation of the episode’" 

“Willy, I called you for advice because I 
cannot make anything of it These green 
men appear to be all over the Earth and 
also above its atmosphere Until the Frost 
episode I dismissed it all as the usual UFO 
nonsense But you saw the photograph It 
does show, unmistakably, little green men 
around a cigar shaped spaceship This 
picture IS not an artist’s impression drawn 
by a fanciful nun It is pure electronics that 
cannot be cheated Nor was Frost drunk 
or mentally fatigued His mental state as 
recorded *n our ground based monitor was 
perfectly normal. ...No, what puzzles 
me Willy is Frost’s final word ’but' 
Obviously he had some doubt about what 
he saw What was it’” 

“Well any experience I have ot down-to- 
Ei^th crime is at your disposal, Roger I will 
try to figure*out something but. mind you. I 
don’t hold out any hope Still, if I do have a 
brain wave where do I contact you’" Willv 
Bones took out his diary to jot down the 
information 

“Here is a classified phone number,” 
Roger gave him the number and continued 
“Call this number and ask for Mr B He is 
my boss, though I have never met him; nor 
do I know who he is But he will take 
suitable action in case you have any 
suggestions ” 

“Roger. I have one request to make,” 
Willy glanced at the photograph Without a 
word Roger handed it to him 


W illy returned home the next day. still 
no wiser about the green men. Like 
Roger he found it hard to believe that they ' 
were extraterrestrials But then how to^| 
discount the independent evidence col¬ 
lected from far corners of the world? ! 
Above all, how would one “explain away” j 
Frost’s photo? 

He had heard of faked photographic 
evidence on UFOs, evidence which was 
subsequently debunked But here the 
photo was taken by NASA’s own scientist 
and processed in the highly qualified 
laboratories of that organization. Certainly 
there was no room for doubting the 
authenticity of the picture 
Nevertheless Willy decided to have a 
second opinion He could not seek it frgm 
his expert colleagues in the F B I, for the 
photograph was 'top secret* and he was 
not even supposed to have it So he 
decided to arrange an inspection privately 
by an expert who was a trusted friend. 

George Baldwyn was the light person 
for this task An astronomer who exten¬ 
sively used electronic devices to elicit the 
last bit of information coming through the 
telescopes, about galaxies, quasars and 
what not. George would certainly help him 
out on this one Willy put in a longdistance 
call to George's laboratory on the West 
Coast 

“George* Willy Bones here.. .Hi to you. 
Listen, can you inspect a photograph for 
me’ Its very urgent ” 

“All your demands are urgent Well, 
today 1 am going observing at Palomar, for 3 
two nights Then I am off on a hiking trip to S 
Mexico ” ^ 

“Forget the hiking part 1 will see you in 
L A in two days’ time,” Willy hung up so as 
not to give George any time to protest. 

Willy made a rapid calculation Roger's 
mission was to leave from Cape Kennedy 
in ten days Two days would already be lost 
in George’s observing programme That 
left eight days He needed one day to 
contact Mr B to inform him of his findings, v 
assuming he had anything to report So he 
had barelv a week m which tn get at the A 
facts I 

He me! a sleepv-eyed George in his lab 
two days later After the preliminary 
greetings and curses were over, Willy 
showed George the photo He had taken 
care to erase all the official stamps on the 
back 

“Is this some kind of a joke You could 
print this photo in a sci-fi magazine/ 
George complained. 

“Well, see what you make of it! Is it 
science fiction or fart’ Fake or real? A lot 
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hinges on this. George ” 

“This picture has been taken, not from 
an ordinary camera, but elect ionic ally Of 
course I don't have to tell you that! But 
there may well be more in it than meets the 
eye What exactly are you looking for*^” 

' George asked 

y “Wish I knew* Obviously you will have to 
j. examine every square millimetre of this 
I picture minutely How long do you think it 
will take you?" Willy asked anxiously 
“A week' May be less if I don’t get my 
usual quota of sleep," said George 
Willy smiled and produced a bottle of 
‘ tablets 

' ^ “These are guaranteed to reduce your 
'lirge to sleep by about fifty per cent You 
^an make up for it after the job is done ” 

EORGE was known to be a methodi¬ 
cal person, but Willy was observing 
him in action for the first time. And he was 
. surprised to see the high resolution that 

• George's observing instruments achieved 

' Willy was able to make out even the 
.individual fingers of the green men in the 
' i picture 

“Are there many such instruments in the 
world‘s" Willy asked with admiration 
“I don't know of any other This one I 
\ made myself for my own use/’ George said 
! in his matter of fact way 
[ But with all the expertise at his 
^ command, George could not stop time 
\ ticking away Hours passed into days and 
soon Willy’s prescribed week drew to a 
'' close But he could not get anything 
\\ tangible from the photograph, something 
that could explain Frost’s last 'but* 

1) Certainly he had nothing to report to Mr 

• B. 

" The seventh day bn^ught a small visitor 
to their lab He was George Junior the ten 
year-old son of George Baldywn. Junior was 
clever but highly curious He kept 
, bombarding Willy with questions that he 
! found hard to answer While there was a 
short pause. Willy slipped in his own 

• question/George Junior, I have a question 

you Why have you come today and 
. how long are you going to be aiound*^’* 

I “That makes two questions” replied 
Junior “1 liave come to help daddy and will 
' ^wait till he finishes this job For, then I am 
going to take him hiking We are already a 
' 'week behind schedule.’* 

Towards the evening George finally 
finished his work He called Willy to the 
, computer terminal and explained to him 
-how to operate it “Now you can recall any 
' fpart of the picture of the screen and 
^enlarge it as much as the limits permit 
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Whatever information I could extract, 1 
have placed it on the tape Good luck!" 

George left to freshen himself, and Willy 
felt a stab of disappointment. He knew that 
nothing remarkable would emerge from 
his study- 'Wouldn’t George have noticed 
It if there were something unusual^ Still he 
began to operate the terminal, more in 
response to George Junior's queries than to 
find out anything on his own Soon Junior 
took over the terminal and began to move 
the different parts of the picture on to the 
screen with occasional remarks like 
"Wow*", “Are these green men rcaP” 
"What kind of ship is it?".and so on 

“Look that man is eating a hamburger/ 
exclaimed George Junior suddenly “Wish 
I had one**’ 

“A typical American kid,"thought Willy 
who detested hamburgers and other ’junk 
food’—until he realized the implications of 
Junior’s remark 

He rushed to the terminal and almost 
pushed Junior away “Where? Where did 
you see that?" 

Junior pointed to one green man 
munching something like a sandwich He 
enlarged the particular part of the picture 
until the sandwich stood out clearly 

“You can’t fool me* I know a Big Mac 
when I sec one,"said Junior complacently 

“In that case. Junior, you have solved a 
big problem of mine You deserve not one 
Big Mac but two, if you arc right,"Willy, for 
the first time during the week, felt elated 

A S Willy reclined in his seat on the last 
flight from Los Angeles to 
Washington, D C , his mind ran through 

the events of the last three hours.how 

George on his return from the bathroom 
was informed of his son’s discovery, how 
he caught its significance and finally 
obtained a very high resolution picture of 
the sandwich which, Junior confirmed was 
indeed a Big Mac, how he telephoned Mr B 
and how a seat on this last flight was 
arranged for him ev^n though the flight 
was full.... 

So the green men were not extraterres¬ 
trials They were Americans Were they 
"space jackcrs"- a n^'w breed of hijackers 
employing highly trained scientists and 
holding governments to ransom^ But then 
what were they doing all over the 
woild^ . .Perhaps Mr B could throw 
some light on this mystery 
At Dallas Airport, he was met by a young 
man with a flowery tie, exactly as Mr Bhad 
told him on the phone 
“I am Jonathan," he introduced himself. 
“I am Willy," 
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“Let us go. Mr B is waiting " Jonathan 
took charge of Willy's luggage and led him 
to a dark limousine, with a uniformed 
chauffeur. 

“A strange kind of a car!" Willy 
exclaimed as he got inside Although 
outsiders could see into the car, to him 
nothing was visible as the car sped throug)^ 
the expressway 

“Mr B is a shy man He does not want it 
known where he works/ Jonathan 
explained. 

Willy knew the Washington area very 
well and tried to figure out the route When 
they joined the Beltway round the city they 
turned towards Virginia side After a few 
miles it made an exit along a small road 
which Willy could correctly guess But 
theieafter the chauffeur took so many 
turns back and forth that he finally gave up 
the car pulled up in an underground car 
park very close to the lift Jonathan 
hurriedly pulled Willy into the lift so as not 
to give him any chance to familiarise 
himself with the surroundings They came 
out on the 12th floor 

Going down the corridor, Jonathan 
knocked on an inconspicious-looking 
door which had the letter B on it 
The door opened Jonathan gently 
pushed Willy in and closed the door from 
outside Willy looked expectantly around, 
but was disappointed 
The room was empty 

T here was a table in the room with just 
one chair facing it Willy was won 
dering what to do next, when he heard the 
following words coming from behind the 
table 

“Willy, please take the chair." 

Probably a hidden speaker behind the 
table, so Willy figured as he sat down and 
awaited further developments 
“I apologize that my extreme shyness 
prevents me from meeting you in person 
But 1 can see you perfectly If you want to 
show me something, please place it on the 
table," the voice went on in even tones 
“Mr B, I want to tell you something that 
may save Roger Buckland and his team an 
unnecessary trip and probably their lives " 
Willy's voice held a note of urgency. But 
Mr B's voice showed neither surprise nor 
eagerness' 

“Pray continue speaking; I hear you. If 
you can convince me that you have vital 
information I may , even at this late hour, 
stop the space expedition". 

"Roger told me all about the invasion by 
green men He told me that he is leaving 
tomorrow to find out about them. Who 





they are? What distant planet they come 
from....But he asked me to try to 
investigate independently He gave me a 
photograph taken by Dick Frost' Willy 
continued, but was interrupted 
•'*A grave breach of trust Roger should 
not have disclosed classified information. 
Never mind I suppose Roger gave you my 
’^lephone number too What have you 
discovered?” 

"1 have got this photograph analyzed by 
an expert And. maybe, 1 found something 
that your experts missed ” Willy placed the 
picture on the table and narrated how the 
analysis of the picture was conducted 
Then he concluded ”That one of the 
inhabitants of this mysterious spaceship 
was seen eating a typical item of American 
junk food, clearly establishes that the 
invaders are from our own planet, most 
likely from our own country They are 
probably kidnapping our scientists and 
technicians with an evidently foul motive 
So my advice is don't send another team of 
scientists (omorrow Rather you should 
send an armed contingent to overpower 
these miscreants ” 

There was a long pause as Mr B was 
digesting all this Then he responded' 
“Congratulations, Willy' You have 
solved a great mystery Of course I must 
stop Roger’s mission But I wish to give you 
the credit Please wait outside for a while I 
will make arrangements to send you to 
Florida You should go and explain to 
Roger all your findings “ 

For the first time he had left Roger's 
apartment, Willy breathed a sigh of relief 

M r B replaced the receiver of his black 
telephone. This was the phone he 
used to communicate with his assistants 
and he had just informed Jonathan what to 
do next He then lifted the green phone on 
his desk He had one more phone, red in 
colour 

“Mr A?'' He asked deferentially 
“Hi, B How are things'^ Is everything 
rcady^’ 

“Yes, It was all set. but we now have a 
problem' I have just had a visit from Willy 
Bones, an ^F BI agent He has found out 
that the green men aic from our country *' 
There was an expletive from the other 
end But A knew how to control himself He 
asked for the details of what Willy had told 
B. When he had the whole story, he 
commented' 

“That must be Mike! He is a glutton where 
junk food is concerned Last month I saw 
him eating hamburgers and I lost count He 
kept saying that one nK>re would do him no 



harm... Looks like he has eaten one too 
many '* 

There was a pause Then B replied with 
regret in his voice "What should we do 
now'-^ Looks like our plan for worldwide 
surveillance has come to nothing* And that 
too at d time when it was beginning to work 
as weir After the kidnapping of Roger and 
his team there would have been consider 
able scare about extraterrestrials, with 
Senator Blackman raising hell This was 
anticipated and an enquiry was already 
planned And at that enquiry eminent 
scientists would have testified that there are 
no extraterrestrials All though this controve^ 
rsy the green men would have continued 
their spy missions unchecked It was such 
a marvellous plan...all gc3ne because 
Mike must have his hamburger' ” 

“B, you are talking as if the plan was a 
thing of the past' No It is still very much 
on " A replied coolly 

"How can we continue with it if Willy 
goes on talking about it*^ He is nc3w on his 
way to Florida.” B was no longer his calm 
sMf 

"Excellent This*is what I would have 
recommended myself* We will send him 
also along with Roger to their secret 
colony Let him carry on all his investiga 
ting there " 

B saw the point Add Willy to the 
colony of kidnapjied scientists and 
technicians and no one would be the 
wiser But here the occasional qualm he 
used to feel came back to bother him. He 
voiced it to A "How proper is it for a nation 
that prides on freedom of the individual, 
human rights and so on,to kidnap its own 
citizens and isolate tliem^” 


But A had answers foi all these doubts. 
He spoke gently "A nation cannot be 
accused of kidnapping and that too its own 
citizens ' Besides, all the scientists and{ 
technicians we have isolated are having a| 
comfortable life and they are having jobj 
satisfaction working on problems of 
national security And. after the ten year 
period, when our project is over, they will 
be returned.” 

B felt satisfied After all this was the only j 
way to complete the project which 
involved the best brains of the country. It 
would be carried out in secrecy without 
raising suspicion outside And he knew 
that scientists "kidnapped’* to the colony { 
were working happily after a suitable 
orientation. Even Frost had taken to his 
new work enthusiastically 
As if echoing his thoughts, A conliimedj 
"Recall that at the Manhattan Project 
eminent scientists worked with dedication! 
to produce the deadliest weapon of the; 
time, because they were convinced that 
they were working ^or ng 
security.. Scientists will work with dedi 
cation provided they are convinced of thej 
merits of the project We have convirKi 
our scientists and technicians that in thisj 
space age, the conquest of space aroui 
the Earth is going to be more crucial th^j 
the sovereignty of land on the Earth, 
they are happily working on our groundj 
project ” 

"WeU,” sighed B to himself. "It had to 
that way, it had to be that way ” He 
rince been a scientist himself and it! 
saddened him to see scientists bein^ 
made pawns in a political game There! 
was nothing he could do to prevent it* After! 
all It had happened before 
Coming back to practical details, 
remarked >“0 K We have to sort our on^ 
formality, though!” 

"Which IS ihat*^* asked A 
"Willy does not work in my organization,! 

I need authorization from the highesi 
authority to allow him to be kidnapped ” 

"I will arrange that Good bye” AS 
remarked in a matter of fact way 
As B replaced his green receiver heS 
mentally bid goodbye to Willy also.^ 
Knowing A’s quickness of work h^' 
expected action soon He was no^ 
disappointed 

The red telephone on his desk began 
ring I 

Prof Narhkar, who heads the TTienrencd^ 
Physics Group o/ the Tata Institute 
Fundamental Reseatch, Bombay/, is also a 
known Set ft writer 
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POPULATION BOMB 


,With its continuously growing 
[human population is the world 
i heading to a Malthusian nightmare? 
: Some experts warn that our planet 
■ has already turned into an over¬ 
crowded antheap. Others say that 
population growth, which is one of 
the factors in a complex matrix, 
cannot be studied in isolation. And 
according to some others, “people” 
: are the planet’s greatest asset. Are 
[the fears of “Eco-doomsters” ill- 
founded? Or are the cornucopians 
deluding themselves? On the 
occasion of the 150th death anniver¬ 
sary of Thomas Malthus, the re¬ 
nowned demographist and the 
original prophet of doom, we present 
’:' the controversy 
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rt i N August 1984, ove» 3,000 

j . delegates from 150 countries 

ij; parlicii>ating in the UN sponsored 
■Y;.' International Conference On Popula- 
tions brooded over the grirn prospect 
of rising population and the attendant 
^ problems in the shadow of the 
; Malthusian spectre which seems to 
’ ,haunt them even as the 20lh centiirv 
, 1 draws to a close Though the tone of 
|the “Mexico Declaration", which 
' 'Called for effective implementation of 
I the plan to improve the st.iiidaid of 
.^living and quality of life for all peoples 
' lof this planet, was rather ajwicalyplK , 

, It was clear that to the political and 
^practical implications of this tieclara 
^tion were far more? serious The 
^Declaration also called for a speedy 
implementation of the Bucharest 
■fprogrammes (from the Wc^rld Popu 
f, Ulation Plan of Action after the 1974 
' ^conference) Throughout the clelibe 
«,:.tTrations, the emphasis was on "the 
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develoiring countries and their 
urgency to implement ixjpulatinn 
programmes 

The ion<ern ov(»i the rcdafionship 
between population and economic 
development d«ites Imc k to a couple of 
((Mituries to Malthus .ind Ricardo, 
both of whom emirhasised the lela 
tionship in terms of the pofiulation 
|m*ssure on finite land and food 
supplies Both the Malthusian and 
Rk ardian models with then siibse- 
quenl variants altiibute a central role 
to “scfircitv of resources"and the I aw 
of Decreasing RcMurns, ignoring the 
role of tec'hnoIcKjical progress Per¬ 


haps at the time when they were 
writing, Fingland h.iving just embarked 
on Industrial Revolution, was yet in 
the nascent stage of technology The 
rising population pressure on fixed 
land, if «»llowed unchecked, woiild 
spell the ojwration of oositive and 
preventive checks Implicit in thisdark 
prognostication weie assumptions of 
constant retur ns U) scale, absence 
of technologv and almost no recogni 
lion of the institutiorial factors—that 
is, changing attitudes or customs and 
then positive impac t on checking 
population John Stuart Mill systerna 
tised, clarified, elaborated, and quali- 


MYTH OR REALITY? 

S. R. Kasbekar 


fled the ideas of Malthus and Ricardo. 
He extended the scope of natural 
resource scarcity and effect to living 
space and the quality of life. The brief 
historical sketch drawn here is neces¬ 
sary to understand the current 
apprehension regarding rising popula- 
i^ns and their impact on the quality of 
- Since basics of both the problems 
are the same though their dimensions 
and degrees have changed 

High fertility and baby boom 

The Conference on Population held 
at Bucharest in 1974 had voiced a 
concern at the high fertility rates being 
the principal cause of rising popu¬ 
lation. The global population was 
projected to rise from the current 4 7 
billion to more than 6 0 billion by the 
end of this century 

Historical analysis 
i A comparative historical analysis is 
* interesting In the year 1 A D , the 
world had about 300 million people It 
took more than 1,500 years to double 
the population The period was 
marked by fluctuations in birth rates 
(fertility) and death rates (mortality) 
Between 1750 and untill well into the 
20th century, the world s population 
grew at about 0.5 per cent a year By 
1900, It had reached the 1 7 billion 
marke; thus doubling in about 150 
years Till 1950, the world population 
grew at one per cent and thereafter at 
^ about two per cent per year In just 
'^over thirty years between 1950, and 
today, world population nearly doubled 
again—growing from 2 5 billion to 
almost 4 8 billion (see page 2, World 
Development Report 1984, (OUPf 

The most alarming implication emer 
ging from these figures is that a 
population growing one per cent 
annually will not even triple in a 
century, but one growing three per 
cent annually will increase 19-fold (see 
page 21 State of the World, 1984, 
Lester R Brown) 

The world demographic structure 
reveals same interesting propositions 
Roughly after World War I, mortality 
^ began to decline in the developing 
' countries Population growth rates 
varied between two per cent to three 


per cent a year. Among the countries 
that have contributed to the world 
population growth are India China, 
Brazil, Bangladesh, Nigeria, Pakistan, 
Indonesia, Soviet Union, Mexico and 
the United States 

implications 

A fast growing population by itself 
may not be a burden Whether a 
rapidly growing population is an 
obstacle in the growth path of an 
economy or an asset depends on a 
number of factors like the structure of 
population (dependency ratios), avai¬ 
lability of capital and technology, level 
of savings and investment, social 
framework, institutional and attitu 
dmal factors and the political aspects 
For instance, in the earlier stages of 
industrialisation in England in the 19th 
century a growing population provided 
an expanding market by stimulating 
demand, encouraging innovation and 
reducing investment risks like it does 
m the US. Europe and Japan today 
But, for most developing countiies 
today mainly dependent upon agricul¬ 
ture for livelihood for most of their 
population and a slow industrialising 
process, a rapidly growing population 
can mean lower standard of living for 
most through a disturbed |x>pulation 
resource relationship 

Thus, the Nco-Malthusians contend 
the Malthusian relationship between 
population and land (food supplies) to 
the availability of energy and minerals 
The Club of Rome Study (1972) in the 
early seventies predicted that the pace 
of technological change would not be 
sufficient to hall the diminishing 
returns and that “Doomsday’ was 
inevitable \h\s viei^ is criticised more 
or less on the same basis as are Neo 
Malthusians The Club of Rome study 
does not give adequate attention to 
the role of substitutes (for instance 
aluminium replacing steel, plastics 
among intermediate raw materials, or 
substitutes in the energy sector), the 
operation of the Law of Increasing 
Returns in many fields and the strong 
faith in the human population bringing 
about adjustments in resources either 
through innovations and explorations 


or through market mechanism byway ^ 
of rising prices of scarce resources. I 
Julian Simon in his two books, The , 
Ultimate Resource and jointly with the. : 
Late Herman Kahn The Resourceful 
Earth, pins his hope on the “people, 
the ultimate resource” trying to dispel 
the fears expressed in the works of 
“eco-doomsters” such as the votaries 
of the Club of Rome study The Limits 
to Growth (1972) The Global 2000 
Report (1980) emphasise finiteness 
and exhaustion of resources and spell 
out the so-called Sj^aceship Earth 
Syndrome and ultimate doom. 

On the contrary, Julian Simon and 
others treat “population as ^a 
resource” For instance. Dr Naohiro 
Ogawa of the Population Research 
Institute at Nihon University, employ¬ 
ing computer models, argues that 
unless Japan increases its population 
Its annual growth rate may decline to . 
one or even to zero per cent, as the 
labour participation declines over the 
years As early as 1962, Harold J. 
Barnett and Chandler Morse, argued 
in their book Scarcity and Growth 
that the Malthusian hypothesis was 
applicable only to a very few societies 
where extremely rudimentary techni¬ 
ques of production existed and social 
progress was ml Thus they argued, 
the more complex the society, and the 
greater its contact with the world, the 
more impossible it is to define a 
Malthu.sian limit which has any opera¬ 
tional meaning or significance for 
policy" The Malthusian scarcity hypo 
thesis, therefore, has rather sr3ecialis- 
ed and limited relevance, and so is not 
generally useful” (p 140) 

The World Bank study strikes a 
middle approach between the cornu- 
copians (those who believe in the 
abundance of resources) and ecodo- 
omsters of the NeoMalthusian variety. 
Fhus, recognising the severe conse¬ 
quences of a rapidly growing popula 
lion for many developing countries in 
terms of poverty, inequality, low 
savings, lack of education and 
employment opfH)rtunities (labour 
absorption), slow technological 
change and different natural resour¬ 
ces •the World Bank advocates 
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measures to limit population Especi¬ 
ally Africa and Sub-&haran countries 
are cited as examples where poor 
agricultural productivity, lack of 
technological change and a rigid social 
structure have combined to make the 
region one of the most slow-growing in 
the world The World Bank approach 
advocates population programmes 
such as family planning on a wide 
scale 

Bharadwaj Approach 

Dr Ranganath Bharadwaj has 
evolved a new approach which 
incorporates environment as a 
dimension into the development. In 
his latest work Managing Limits to 
Croivth prepared for Asian and 
Pacific Development Centre (APDC), 
Prof. Bharadwaj views man in the 
entirety of his life-span, articulates an 
alternative human resource mobiliza¬ 
tion development strategy where 
human resource development gets as 
much importance as human resour 
ces utiliin terms of social (inner limits 
such as poverty) and physical limits 
(outer limits le environment) gives 
primeval importance to human factor 
as an objective in any development 
policy The supplementary as well as 
complementary nature of the relation¬ 
ship between man, resources and its 
quality are important in human capital 
formation For a developing country 
like India this analysis has profound 
implications as population as a 
resource would depend upon the 
correct attitudes and policy mix 

India adopted a population policy as 
early as 1952 under heavy influence of 
NeoMalthusians. Since then, or even 
earlier, grinding poverty was seen as a 
consequence of rising population, and 
as such limiting population became an 
aspect of any economic strategy. Like 
m many poverty stricken developing 
countries, where most families have at 
least four children, in India, too, 
measures have concentrated on 
reducing the number of children per 
family Advances in medical and 
biological sc iences have ensured a 
higher life expectancy resulting in the 
fall of mortality rates This meahs the 


shift of policy to limit population has 
centred on attitude. And it is the force 
of attitude in many devebping 
countries including India, especially in 
rural areas, which has operated as a 
check on any measures to limit 
children. Children are no bnger 
looked upon as a burden but as a 
potential source of income. 

In India, research has centred on 
family planning under heavy influence 
and aid from the West. A few gains 
registered in economic development 
are sought to be attributed to the 
success in family planning. As one 
critique of population research put it, 
formulation of policy itself has been 
subject in the absence of deep 
thinking on the role of population in 
the total development process. In fact 
interest in research in population -in 
India IS a post-World War II pheno¬ 
menon. Since the 1891 census, the 
first in India, the Malthusian shadow 
has loomed large over our population 
policy The concern with high fertility 
and mortality rates was acute till the 
1931 census The General Report of 
the 1931 census felt that efforts to 
reduce infantile mortality should be 
preceded by precautions to reduce 
the birth rate 

Recurrent food shortage, however, 
was seen as a constraint on population 
growth but it had a limited role in a 
tradition-bound society where fecun¬ 
dity IS regarded as a divine gift. 

The relationship between food 
supplies and populatbn was enun¬ 
ciated in a nationalist perspective by 
such eminent economists as 
Radhakamal Mukherjee Gyanchand, 
D G Karve and Dr Ghosh, who 
dismissed the o\ 4 !erpopuli)tion bogey 
as divisionery tactics on the part the 
British Government to distract the 
attention of people away from political 
subjugation. 'Hiese economists, 
however, were aware of the gravity of 
the F>opulation problem. For instance, 
D.G Karve, after analysing the 
relationship between population and 
food in India, emphasised the need for 
widespread social and cultural reform 
and discounted the feasibihty of birth 
control in the absence of such reform. 


L ^ 

The emphasis on institutbnal 
aspects (social and cultural reforms) 
did not, however, form a part of the 
population policy. Right from 1952 to 
till the day entire emphasis is on family 
planning (India has a dubious distinc¬ 
tion of being the first country in the 
world to launch an official populati^ ^ 
policy directed towards the curtad- ^ 
ment of fertility). 

The emphasis on institutional 
aspects (social and cultural reforms) 
did not, however, from a part of the 
population policy 

Two consequences follow from this 
approach: first is positive or aspiration 
induced attitudes towards family 
planning as in South East Asia is based 
on the increasingly perceived cost of . 
rearing children It has also been 
realised that the inter-generational 
flow of wealth over a lifetime is going to 
be reversed from the traditional 
children-to-parents stream to the new 
parents-tochildren stream. Second is 
negative or gloom-induced family 
planning It is based on the inter- 
generational flow of wealth from 
children to parents with its attendant 
cost and hazards It is this attitude 
which regards children as assets that 
dominates most South Asian countnes 
including India. Only with improve-' 
ments in socio-economic conditions 
like nutrition, education, employment 
etc , can some success be chalked up. 

Even as the population problem 
causes concern at the global level, * 
policy measures encompassing inter¬ 
national cooperation growth-oriented 
socio-economic programmes adhere¬ 
nce to rational demographic goals, 
improvement in the status of women, 
an accomadative inter-regional plan 
and a spread of knowledge leading to 
reduction in the number of human 
beings are being devised under a 
lengthening shadow of the Malthusian 
ghost. The world feels less comfortable 
in the company of cornucopians 
whom It suspects and would like to see 
the end of Malthusian ghost it 
detests. □ 

Mr Kasebekar is with the Economic Times 
Research Bureau. 
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How much did you score? 

If you got more than 6 correct 
you are on the right track If you 
didn't you need to improve and 
expand your English vocabulary, 
because today English is a very 
important language A language 
of competitions, it is also the 
prime language of business, 
industry & commerce —and one 
that IS likely to play a vital part in 
shaping your career 

Start right With the nght 
guide, to set you on the path to 
good English 

Read Career & Competition 
Time?, the monthly that is 
convnitted towards helping you 
understand^ learn ^d use the 
English language correctly and 


effectively Through Its wide 
range of developmental aids iike,- 
speed reading/writing, 
taking notes, letter writing, 
precls.comprehension ana so 
much more 

Good English — Just one wav in 
which ca helps. 

Every issue of CCT carries 
practical guidelines for 
achievement and personality 
development besides maior news, 
events and all possible 
information on careers & 
competitions 

• News Sections • Current Events 
•Practice TestsOTests of Reason 
& Mental Ability •Personality 
Development •Careers & Career 
Counselling 
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There is fiin in basic sciences 


Y any standards. Amar was a 
bright young student, inquisitive 
and hard-working He had a wide 
range of interests and generally did 
well in anything he set his mind on But by 
' the time he finished school, his interest, 
prodded by his parents, had turned solely 
to engineering, and then on it was 
' engineering and nothing else So when, 
despite scoring 83 per cent at the 12th 
standard, no engineering college would 
take him. Amar's world collapsed around 
him 

And so it IS with thousands of other 
bright students, caught in this new 
phenomenon -the craze for engineering 
fbnd medicine Never mind the number of 
tother interesting and exciting options 
I'bpen—for instance, m biology, geology, 
physics or botany The cream is in 
engineering and medicine, the parents 
think And thousands of good students are 
annually set, like blinkered horses, on a 
mad race to lap up that cream 

it IS a disturbing trend that over the last 
few years students have been favouring 
only engineering and medicine Almost 
every student among the first 50 in the 
merit list at the 12th standard, when asked, 
would say he would go to medicine or 
engineering. Electronics is the latest 
addition, and commerce the next choice 
Nothing else mattered 

As a result, the other fields are being 
neglected. Subjects like chemistry, zoology 
or botany are )ust faceless subjects which 
will only help fetch good marks to enter the 
medical college Students who score the 
highest marks deliberately avoid such 
subjects, prompted, of course, by their 
parents 

If all the bright students went into 
engineering and medicine, can we afford to 
ignore other areas^ Can we neglect 
agriculture nr even our rich variety of plant 
life*^ Should we neglect history or the 
languages, for that matter^ Who will man 
the administrative service^ Imagine what 
will happen if all these streams are handled 
only by mediocre students A society 
needs talents in all fields for a balanced all 
round growth 

A mini bio gas plant can be developed 
which will consume wastage from our 
homes But there is a dearth of microbiolo¬ 
gists to work on this project Research and 
development in our country is yet to go 
is yet to go into the problems of animal 
diseases In every field, thete are challenges 
but no talent to grapple with the 
challenges 

Parents, of course, do not allow their 


wards to be exposed to these realities 
There are many fields where one can have 
much satisfaction and yet earn well A 
good mechanic may dirty his hands or an 
agriculturist may wear soiled cbthes on 
the field but he may be earning as much or 
even a little more than a doctor or an 
engineer Why, you may find many doctors 
or engineers who are unhappy and who 
earn less than an accountant Parents hide 
these realities from then children and 
thrust their own aspirations and frustra¬ 
tions on them 

All these distortions in education have 
caused worries among teachers and 
public-thinkers So, to create an aware¬ 
ness among students about the necessity 
and importance of research in fundamental 
sciences, the Marathi Vidnyan F^nshad, 
an organisation devoted to the propagation 
of science and the scientific attitude, 
organised a seminar in September to 
discuss these issues The results turned 
out to be very interesting and encouraging 

The basic theme of the seminar was 
excitement in fundamental research 
Several eminent scientists were invited to 
speak about the opportunities available in 
their fields of research to a special 
audience—students who had scored over 
90 per cent marks in the 12th standard 
examinations. A discussion was to follow 
The scientists included Dr. Raja Ramanna, 
Chairman of the Atomic Energy Commis¬ 
sion, Prof. Jayant Narlikar, astrophysicist 


from the Tata Institute of Fundamental 
Research (TIFR), Pirof. B.M. Udgaonkai 
from the Physics Group of the TIFR, Dr. O. 
Siddiqi, a molecular biologist (TIFR), ^of. 
B.V. Sreekantan, a physicist and Director 
of the TIFR, and Dr. S.P. Sukhatme from 
the Mechanical Engineering Department 
of the Indian Institute of Technolo^ 

Prof. SiddiC|i and Prof, Narlikar wm 
more faithful to the theme. Prof. Siddiqi 
talked about research in biology. He said 
that research in this branch of science is 
not so much expensive, and there are 
facilities and adequate equipment in India 
for advanced studies in genetic engineering, 
single-cell protein production and devebp- 
ment of new drugs to fight against diseases 
like cancer. Students in cities like Bombay 
and Bangalore are fortunate because there 
are advanced institutes there. But they are 
not known to students What is required is 
the proper dissemination of this informa¬ 
tion. Because of lack of information, it is 
possible that students do not go into such 
research More important, he stressed 
that there is job satisfaction in fundamental 
research or even in applied research You 
learn so many new things when you 
research that it entei tains you as well You 
remain happy 

Prof Sreekantan said that we are today 
enjoying the fruits of the industrial 
revolution. From tooth paste to the TV, we 
use innumerable industrial products. But 
we tend to forget that it is the work of 


An advertisement, a prize-winning campaign on education, created by SMpi for 
the Ashok Jain Awards contest for National Awareness Advertising. This 
campaign won a prize for "A renewed uision provided for an otherwise weil- 
known issue." 
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The after^twelfth fever 

scientists like Newton and Edison that has 
ultimately resulted in this industrial 
prosperity. If there was no fundamental 
research in astrophysics or mathematics 
or electricity and magnetism, there would 
have been no developments in telecom¬ 
munications and space sciences that we 
see today. And now if we want to take 
advantage of the space age, we must 
concentrate on studies in fundamental 
sciences. 

Prof. Narlikar spoke about the excite- 
ment in research, and about new 
developments in the space sciences 
Though at the moment these develop¬ 
ments appear to be of theoretical 
importance, tomorrow they will bring 
totally new products For instance, certain 
new alloys can be produced in space; 
because of the absence of atmosphenc 
contamination, the process of amalgama¬ 
tion is easier He also said that there is a lot 
of scope for work in astronomy in India 
India has hardly 250 astronomers while in 
the USA the number of recognised 
astronomers ran into several thousands. A 
giant 220'Cm telescope is ready in 
'^Kavdloor, near Bangalore A 4-metre 
super giant telescope will be ready soon in 
Uttar Pradesh And the Government 
proposes to erect an 8-metre telescope in 
the near future. Who will use them? W^ do 
not have enough astronomers We now 
know the importance of satellite com¬ 
munications If we want to remain abreast 
with developments in the rest of the world 
in this field, bright students will have to go 
to astronomy 

Narlikar teIJs his own story He stood 
first in the SSC examination. After passing 
the intermediate examination with flying 
colours, he preferred science to engineer¬ 
ing. Some of his friends who appeared in 
the* merit list also went for fundamental 
science. Narlikar says that he and others 
.ve happy. In the TIFR , he has a cosy life and 
^ lot of leisure, too. He devotes some of his 
time to writing science fiction. He may not 
be earning as much as a busy doctor but at 
the same time he feels that he need not run 


from one dispensary to other, dawn to 
dusk, just earning money. He has no 
tensions 

Later in Cambridge, he was excited 
about working with a renowned scientist 
hke Prof. Fred Hoyle After six months 
Prof Hoyle asked Narlikar to work with 
him on a particular project—to substanti¬ 
ate the Steady State Theory of the 
Universe propounded by Prof. Hoyle This 
theory had been challenged' by Prof 
Martin Ryle Later, on the day of 
presenting the work before scientists, 
Prof Hoyle was engaged in some other 
work and asked Narlikar to present it 
before the distinguished audience Those 
present told Narlikar that he did the job 
extremely well What an excitment it was! 
Narlikar feels that this moment had 
inspired him so much since then Three 
years later Narlikar had another opportun 
ity of reading a paper, co-authored with 
Prof. Hoyle, before the Royal Astronomi¬ 
cal Society 



All the scientists at the seminar pointed 
out that what matters in research is truth 
based on facts And a young scientist can 
question theories of elders based on his 
research. What matters is not seniority or 
status but just the strength of one's 
research and the quality of work. 

The seminar did not remain faithful to 
the basic theme, though. It turned out to 
be rather some kind of vocational 
guidance Even so, students were 
interested, and the question-and-answer ' 
session that followed evoked good 
response, going beyond the time limit for 
this session 

While some wanted to know about the ' 
possibility of research on cancer, some^ 
said they should know more about' 
research in engineering Others wanted to 
utilise their long vacations on some project 
in some laboratory but they did not know 
where or how A young student said that 
he observed the sky with his home-made 
make-shift telescope, he wanted to know 
more about astronomy. At one point 
innumerable*hands came up showing their 
approval of participating in study circles in 
the TIFR Thus out of the free dialogue 
between the scientists and the students, a 
possibility of vacation programmes on 
specific topics emerged 

Nilu Damie 

Mr Damie i*> a freelance science writer and 
participated in the Marathi Vidnvan Parishad 
seminar 
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Solar stills for fresh water 


I n Narayan Sarovar in the coastal 
Kutch district in Gujarat, wells 
have saline water. How to provide 
drinking water to the village in the 
/Israway arid region? A large solar still 
,was set up recently to convert the 
..saline well water into drinking water 
. «id villagers now draw salt-free water 
Irotn the still. In Bitra, in the Lakshad- 
"weep Islands, drinking water to the 
islanders comes from the sea. A 750- 
aquare-metre solar still desalinates sea 
water. 

, In regions where fresh water 
purees are scanty, like in deserts or 
'inarshy lands, or where the under- 
^Epround water sources are polluted or 
saline, to purify and treat the water 
-becomes impx>rtant. Though a number 
lOf desalination processes are available 
to convert saline water into potable 
water, for very small requirements, 
say below 5000 litres per day, in iso¬ 
lated places solar stills are the most 
attractive method of desalination. This 
is particularly so for remote regions 
which lack good quality water and 
sources of energy and which need 
very low quantities of water, mainly for 
cooking and drinking. 

Bascially, the solar still is a form of a 
natural water cycle of evaporation and 
condensation. Saline water, m a glass 
or transparent plastic-covered enclo¬ 
sure with a black bottom (to increase 
the absorption of solar radiation), is 
heated directly by solar rays and 
evaporates. The vapour condenses on 
the underside of the glass or plastic 
cover and is collected as drinking 
water through flow channels fixed at 
the lower edges of the cover which is 
sloped to facilitate the flow. The glass 
or plastic cover has a dual function, it 
'helps retain heat inside the still by the 
‘‘greenhouse effect”, letting in short¬ 
wave solar radiations and reflecting 
back longwave heat radiations rera¬ 
diated from the surface of the still, and 
its underside acts as a cool surface for 
the water vapour to condense on. The 
efficiency of the still depends mainly 
on the solar radiation falling on the still 
and the solar energy absorbed by the 
Saline water. The figure here shows 
the basic design of a solar still. There 


could, of course, be many variations in 
design as well as construction. And 
work on solar stills is being done in 
several countries. 

Though solar distillation has been 
known for a long time (the earliest 
reference in literature is to the Arab 
alchemists), a large solar still was first 
built in Chile in 1874 to supply fresh 
water to a nitrate-mining community; 
this was the conventional single basin- 
type solar still. The still, about 47(X) 
square metres in area, yielded about 5 
kg of drinking water per square metre 
of the still surface. But work on solar 
stills picked up after the First World 
War and several types of stills were 
developed. Some also used metal- 
coated reflectors to concentrate solar 
rays while others used devices to track 
the Sun continuously in a bid to 
increase efficiency, but such systems 
had some operational problems. 
During the Second World War, an air 
inflated plastic still was devebped in 
the US for use by its Navy and the Air 
Force. A porous felt pad, saturated 
with sea water, was suspended in an 
inflated plastic bag and, on evaporation, 
the water vapour condensed on the 
underside of the bag. This was collec¬ 
ted .in bottles kept at the bottom of the 
plastic bag 


S*D. Gomkale 

In India, work on the solar still and 
its modifications has been carried out 
in many institutions. The Indian Insti¬ 
tute of Technology in Delhi has, for 
instance, devebped a double-t^in 
still (see box). This has two glass 
covers, one above the other, tfd^b i 
providing two basins for water evapo¬ 
ration and a larger capacity for the 
same land area; the output here is 
about 36 per cent higher than the 
single basin still. 

At the Central Salt and Marine 
Chemicals Research Institute (CSMCRl) 
in Bhavnagar, Gujarat, the effort 
focuses on the development of large 
capacity solar stills. The designs have 
provisions for collecting rain water 
also The CSMCRl has installed several 
such large plants at far off places like 
Narayan Sarovar (2,400 litres per day . 
capacity) in Kutch, the Bitra Island ' 
(2,Q00 litres per day) in Lakshadweep, 
Awania village (5,000 litres per day) in 
Bhavnagar, and Bhaleri (8,000 litres 
per day) in Churu district of fojasthan. 
Except for the Bitra plant which uses 
sea water, other stills use saline well 
water. However, cyclones and heavy 
rains have damaged some of the 
plants, which highlights the need to 
improve the quality of the stills so that 
they can withstand such havoc. And 


Fig. 1 Solar still 


Continued on page 55 
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In the extruded plastic stiB, a Heavy 
fabck wicfk saturated with safine water 
placed abn 9 k side of the inner surface 
of the still is heated by solar radiation 
(fig. 5). The water gets evaporated and 
qpndenses on the other side of the 
enclosure. The water is collected at the 
bottom. 

The double basin solar still makes 


ContinuecI from page 52 
though experience shows that the 
plants can be operated and maintained 
in villages without much problem, 
much depends on the co-operation of 
the villagers and the person looking 
after the plant. 

The most important factor against 
the solar still, however, is its high cost. 

^ The investment for the CSMCRI design 
ranges between Rs. 250 and Rs. 300 
per square metre of the still surface, 
and larger stills with capacities about, 
say 2,500 litres per day, have surface 
areas over 1000 square metres. The 
fresh water output being totally 


Fig. 7 The^tUlon 
use of the latent heat of condensation 
on the underside of the glass cover in a 
still by placing another glass cover 
above it to form two basins and, in 
effect, two stills, placed one above the 
other (Fig. 6) 

Besides obtaining distilled water, 
solar stills can also be used to control 
heat in a building by placing a still on the 


roof eyeteni 

roof. Studies conducted in Delhi 
showed that on a typical hot day, the 
heat flux inside the house was reduced 
by 40 per cent and In a Cok) day it was 
nearly doubled. 

(From Reviews of Renewable Energy 
Sources (Vd 1) ed by M.5. Sodhtt, S,S. 
Mathur, and M.A.S, Mahk) 



dependent on the solar energy input, 
productivity ranges from two to three 
litres per day per square metre. Lower 
output and higher investments per 
unit area thus raises the total cost, and 
makes the still uneconomic compared 
with other alternatives, except, of 
course, for low water demands in 
remote and isolated areas as mention¬ 
ed earlier. 

Obviously, it is necessary to find 
ways to increase output with only a 
very small increase in investment. 
There is also a need to develop 
modular designs, with the modules 


Fig. 2 Solar stiih at IXarayan Sarovar in Kutch distnct, Gigarat 



just assembled at the <iite where the | 
plant is to be installed. And areas ! 
where water scarcity is only occa- ^ | 
sional and also where the scarcity is ! 
linked solely with the monsoon can be 
served by mobile solar stills—ready to 
assemble units stored at a central 
location and installed and operated , 
only during the scarcity period. 
Development work needs to be 
pursued along these lines too. 

Dr Gomkale is with the Central Salt and 
Marine Chemicals Research Institute, Bhau- 
nogar i 
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Resources for tomorrow 


A round ISSO. hundreds of 
cities and towns around the 
world started using gas for 
street and home lighting This 
, revolutbn in lighting was made 
. possible by Carl Auer, of Austria who 
patented a chemically treated gas- 
mantle in 1885 When the gas was 
ignited, heat from the flame made the 
' mantle incandescent causing it to glow 
brilliantly with greenish blue light The 
' invention earned Auer the title of 
Baron Von Weblash and the gas- 
mantle became known as Weblash 
mantle or more commonly incande¬ 
scent gas-mantle The great era of gas 
lighting was short-lived in western 
world and began to dim when Thomas 
Edison invented electrical bulb How¬ 
ever the incandescent gas lights 
. remained in use in many parts of Asia 
and India till a few decades ago Even 
today portable kerosene - filled gas 
lights using Weblash mantles brighten 
.homes in our villages remote from 
power lines, and marriage functions, 
shops and fruits stalls in most of our 
cities. 

But now another type of revolution 
in the field of energy production is in 

Thorium » a breeder metOi 


the making. If is e.xpected that by the 
turn of the century fast breeder 
nuclear power reactors will be opera¬ 
tional providing heat and light to far 
away villages in India 

Contrasting though these two revo¬ 
lutions appear, there is a common 
thread The element responsible for 
these two events, separated by over a 
hundred years is thorium. The incan¬ 
descent gas-mantle is made up of 
thorium oxide while the fuel to be used 
in breeder power reactors will come 
from metallic thorium. Thorium is thus 
the energy metal of tomorrow 

History and occurrence 

The discovery of thorium is attri¬ 
buted to Berzelius who in 1828 
reported the separation of new earth 
from a mineral, now called thorite, 
found in Norway. The name thorium 
was derived from Thor, Scandinavian 
god of war 

Thorium is not a very rare element. 
It comprises 0 001-0.002 per cent of 
the earth crust and is distributed 
widely. It is as plentiful as lead and 
molybdenum and thrice as abundant 
as uranium. Among the thorium 


bearing minerals, about 55 have been ^ 
reported to contain over 1 per cent 
fhorjum. The most important source, 
however, is monazite, a phosphate of 
rare earths and thorium. Thoriamite, a 
mixed thorium-uranium oxide, (Th, 
U )02 and thorite, the silicate of 
thorium, ThSi 04 , are two otfer L. 
minerals lich in thorium content, wt * 
they do not constitute significant 
industrial sources. 

The major commercial source of 
oxide and metal is monazite, which is 
essentially a phosphate of thorium and 
yti rium earths, (Cc, La, Y, Th) PO 4 . 

In addition it has small amounts of Fe, 

Al, Ca. Mg, Ti, Zr. Uranium in trace 
quantities is also present. Monazite 
deposits are found in India, Brazil, - 
United States, Australia, Sri Lanka, 
Africa and Canada. The Indian 
monazite contains the highest amount 
of Th 02 up to 9 9 per cent It is found ii' 
in plenty on the beach sands along 
with other important minerals such as 
ilmenite, zircon, rutile, garnet, silli- 
manite etc Indian deposits on the 
beach sands of Kerala, Tamilnadu, 
Andhra Pradesh, Orissa and inland 
deposits of West Bengal and Bihar are 
presently the world’s largest Typical 
analysis of the Indian monazite in 
comparison with that of Brazil and US 
is shown in the Table 

Recovery from monazite 
Monazite sand is the only ore from 
which thorium is being extracted ► 
commercially The major impurities 
are titanium, iron, silica and phos¬ 
phate. The first step in thorium 
extraction is to break down monazite 
and separate thorium, uranium and 
rare-earths from the gangue material 
This is done by chemically opening the 
ore and fractionally precipitating either 
the valuable elements or gangue The 
thorium is then separated from 
uranium and rare-earths. The thorium 
concentrates thus obtained are then 
purified before being reduced to 
metal. There are, in general, two 
chemical processes commonly used 
for opening thorium ores. - 

The acid process: In most commer-*^ 
cial processes in the United States, the 
ground monazite is treated with hot 
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sulphuric dcid which dissolves the 
Ihorium, uranium and rare earths 
The residue consists of undigested 
monazite, silica, zircon and other 
gangue material The sulphate solution 
carries along with the valuable 
^ilements the phosphate ion The clear 
acid solution is carefully neutralised 
with alkali to precipitate selectively all 
of thorium while uranium, rare-earths 
and phospate ion remain in solution 
The separation method is mainly 
based on exploiting the difference in 
the uranium complexes at various 
acidities As mentioned above, 98 99 
per cent of thorium in the acid solution 
IS recovered by diluting it with 6-7 
parts of water and neutralising the 
resultant solution with ammonium 
hydroxide to pH 1 05 The filtiate from 
above is further neutralised to pH 
to recover rare-earths and some 
uranium. Uranium is finally precipi¬ 
tated at pH 6 0 Further purification of 
thorium is done either by solvent 
extraction c^r selective precipitation 

Caustic extraction process 

The alkali process, investigated and 
developed in France, USA and Russia 
has been adopted in India and Brazil 
In this method the finely ground 
monazite is treated with hot concen¬ 
trated caustic soda solution, when 
gangue goes into solution leaving 
behind the valuable elements which 
are recovered as hydrous oxides. The 
removal of phosphate from the other 
^*^tals not only facilitates the subse¬ 
quent purification but also gives a 
valuable by-product, sodium phos¬ 


phate Another advantage of this 
process is that the rec'overy of 
uranium is higher compared to that 
from the acid process 
The slurry IS obtained after the alkali 
digestion is filtered at about 100®C and 
washed until virtually all soluble 
elements are removed The cake 
containing hydrous oxides of Th, and 
rare-earths is dissolved in acid and 
when separated by selective precipita¬ 
tion Thtmum is further purified by 
solvent extraction 

Purification of concentrates 
For applications in nuclear reactor 
technology thorium must be freed 
from elements which have a high 

Fast Breeder Test Reactor, Kalpakkam 


tendency of absorbing thermal 
neutron It has been calculated that as 
small an amount as 1 ppm of 
gadolinium in thorium causes a loss of 
0 8 per cent in prcxiuction of 
Uranium, which is invariably asso¬ 
ciated with thorium in small amounts 
has to be removed since its presence 
would cause«dilution of fissile U'’*-^ 

Three major methods of purifying 
thorium < oncentrates are possible, 
solvent extraction, frat tional crystalli 
zation and selective precipitation 
Among these, for large-scale pro 
duction of high purity thorium metal, 
the solvent extraction process is more 
desirable This was quirkiv achieved 


n 



SCIENCE TODAY, DECEMBER 1984 57 



since a similar method for processing 
uranium had already been developed. 
Considerable similarity in certain 
chemical properties between thorium 
and uranium als6 helped The com¬ 
mercial grade (mantle grade) thorium 
nitrate forms the feed stock for this 
process. A large number of solvents 
have been tried but the one most 
widely used is tributyl phosphate 
. diluted with kerosene 
’■ For purifying the crude thorium 
r cake obtained from Indian monazite, a' 
modified process of precipitating the 
thorium as oxalate, converting it to 
I nitrate and subsequently extracting it 
' with tributyl phosphate is followed 

Metal production 

Throrium has a high melting point 
(1690 ±10*<I) and is very reactive 
especially at elevated temperatures. It 
gels contaminated by contact with air 
and by reaction with most container 
, materials. Processes for thorium 
pioductioilfhowever^have been deve 
loped which circumvent problems 
poised by these peculiar characteri 
sties 

Commerical method yielding rela 
lively high purity-metal include 
reduction of the oxide with calcium, 
reduction of ThF^ with calcium and a 
trace of zinc chloride or fused salt 
electrolysis of halides The product 
obtained by oxide reduction and 
electrolysis is in powder form which is 
then converted to solid massive metal 
by powder metallurgy techniques 
Great care has to be exercised m 
handling powdered thonum since it 


can be pyrophoric. 

In the oxide reduction method the 
c'harge consisting of thorium oxide, 
calcium metal and calcium chloride is 
heated under an inert atmosphere of 
argon gas to about 1200^C. The final 
mass is crushed and treated with 
water ‘m tumbling barrel, care being 
taken to maintain the temperature 
below 40**C in order to guard against 
the oxidation of the metal powder 
The powder is next treated with 15 per 
cent nitric acid to remove any residual 
calcium, and its salts and any oxide 
film that may have formed. It is finally 
washed with water and vacuum dried 
This method yields about 99 6 per cent 
pure metal 

The commencal-scalc production 
of thonum metal sponge is done by the 
reduction of thorium tetrafluoride 
(ThF 4 ) with calcium and zinc chloride 

The charge is placed in a sealed 
bomb lined with fused dolomite The 
reactor is placed in furnace at 700“C 
•Enough heat is produced to yield a 
molten thorium-zinc alloy and a fluid 
slag which on cooling .separates 
cleanly from the metal ingot Zinc is 
distilled off the alloy by heating it at 
1000®C under vacuum Thorium 
obtained in the form of sponge is 
melted and cast into solid metallic 
billet 

The fused salt electrolysis of the 
double fluoride of thorium and pota 
ssium (KThF*j) in a melt containing 
potassium and sodium chloride is 
carried out at an optimum tempera¬ 
ture of 800“C The graphite container 
serves as the anode while molybdenum 


is used as cathode. The cathode ^ 
deposits are leached free of the 
adhering salts, vacuum dried and the 
powder obtained is consolidated by 
powder metallurgy methods into 
ductile thorium. The electrolysis re¬ 
covery of thorium is independent ol 
the supply of calcium. This coufled^r" 
with the fact that electrolytical process • 

is amenable to continuous or semi- 
continous operation, make this route 
especially attractive. 

To make small amounts of ultrapure 
thorium metal, the Van Arkel-de Boer 
process has been used. Lower purity 
thorium metal and a small amount of 
iodine are placed in a moderately 
heated evacuated vessel The thonum 
iodide vapours formed in the vessel • 
pass to a very hot surface (tungsten 
filament) where they decompose and 
deposit the thorium metal. The iodine 
vap(^urs re cycle to the lower purity 
tliorium and react forming fresh metal 
iodide and the cycle continues. 

Properties and compounds 

Massive thorium is silver-white 
when fresh, but turns dark grey when 
exposed to air. It is stable at room 
temperature, and is not effected by 
water even at 100®C, however, finely 
divided thorium is pyrophonc. It 
dissolves rapidly in aqua regia and in 
concentrated hydrochloric acid. It is 
unaffected by aqueous solution ol 
alkalies 

Thonum metal is characterised by a'- ‘ 
relatively high melting point, low 
hardness and high ductility at room 
temperature It can be cold or hot 
foimed in many operations. However, 
the cold workability of thonum is 
greatly reduced by impurities. In hot 
working operations, sue h as extrusion 
and forging, thonum may be heated 
without special protection up to about 
800“C 

In Its chemical behaviour thorium is 
a reactive metal with electropositive 
character similar to that of magnesium. 

It forms only one senes of salts 
namely, those of tetravalent thonum 
ion. It has the least tendency 
hvdrolyse of all the known positive 
ions. Thonum ion has a strong 






tendency to form negative complexes 
with excess of such ions as COj 
C 20 i-^ SOa-^ and PO 4 -' in acid or 
neutral solutions Its ion forms double 
salts such as K ThF^, 4 H 7 O. NaTh; 
(P04)i, MnTh (S 04 )j, 7HfO etc etc 

The massive metal or sponge reacts 
with hydrogen at 300 ^OO^’C to form 
i thorium hydride The direct reaction 
of hydride with halogens eg , CI 7 or Br 1 
at 250 350^C give corresponding 
halides The hydride also reacts with 
hydrogen compounds such as steam, 
hydrogen halides, hydrogen sulphide, 
amonidp phosphine to give binary 
thorium compounds Methane or 
carbon dioxide do not react with the 
hydride 

Applications 

The major impetus to the renewed 
and enhanced interest in thorium is 
due to Its potential uses m the atomic 
power programme Nonetheless, its 
use in mantle for portable gas lights 
still represents a sizable fraction of the 
total consumption 

The mantle grade thorium nitrate 
contains about 05 10 per cent added 
sulphate to improve the mechanical 
property of the refractory oxide 
Addition of about one per cent cerium 
also improves the spectral emmissivity 
The gas mantles are made by impreg 
nating cotton or synthetic fibres with 
25 50 per cent solution of the nitrate 
containing 12 per cent cenum nitrate 
The mantles are then denitrated by 
converting the thorium nitrate to 
thorium hydroxide by washing with 
dilute ammonium hydroxide When 
initially burnt, a skeleton of ThO^ 
remains which gives off brilliant bluish 


white light when heated with gas 
Low tensile strength elastic modulus 
and poor resistance to corrosion 
remove this metal from the list of 
structural engineering materials How 
ever, recent applications of its alloys 
show good promise Magnesium 
thorium alloys which contain about 3 
per cent thorium and 01 to 1 0 per 
cent zirconium have very high mecha 
meal strength at elevated tempera 
tures, thus finding applications in 
aviation and rocketry where mecha 
meal strength combined with low 
weight IS important Another appli 
cation of thorium for imparting supe 
nor mechanical strength and corrosion 
resistance to a metal is so called TDNi 
which has nickel containing about 2 
per cent dispersed thorium oxide It 
has excellent corrosion resistance at 
elevated temperatures 
The uses of thorium oxide are 
basically dependent on the high 
melting point and stability coupled 
with a low dissociation pressure It is 
responsible for controlling the gram 
size of tungsten filaments used as a 
sojfrcc of radiant energy Such 
thoriated tungsten filaments have hot 
vibrationarstrengtTi probably due to 
increased strength at the gram 
boundaries They are also used m 
electronic tubes for thermionic 
emissions 

The Indian scene 

The thorium fuel cycle is of great 
significance to India which has the 
largest and richest known reserve of 
this matenal occurring m the beach 
sands of Kerala. Tamilnadu. Andhra 
Pradesh and Orissa It is well known 


that thorium, though not fissionable, I 8 
converted into a fissionable isotope of 
uranium, by neutron irradiation 
The fissiles on account of its 
chemical dissimilarity with thorium* 
can subsequently be separated from 
the irradiated thorium by chemical 
processing 

The nuclear power generating pro^ 
gramme in India, as formulated by the 
late Dr Homi Bhabha, envisages a 
three stage development In the first 
stage, the present generation of 
nuclear reactors based on natural 
uranium will provide power and 

plutonium as a by product 
The second stage reactors will qsa 
plutonium thorium as fuel, thus pro- 
ducing power and yielding fissionable 
\j23i as a by product These reactors 
are termed as “converters” In the 
^ ^ third stage. - thorium fueled 

reactors will provide power and 

produce or *breed’ more than 
they will*consume Hence the name 
breeder reactors 

^ Since the early days the beach 
sands from the west coast of India 
^' have been processed to extract 
^ ilmenite and monazite As the demand 
for rare earths and thorium grew the 
* extraction of these components 

. became economically attractive 

However, a planned effort started 
^ when in 1952 Indian Rare Earths Ltd , 
a Government of India Undertaking, 
set up a plant with the help of Societe 
1^, des Produit Chimiques des Terres 
^ Rares of France at Alwaye.in Kerala to 
treat about 4 5 thousands tons of 
monazite annually The products of 

* ! this plant are rare earths chloride and 

thorium concentrate Tri sodium 
phosphate is obtained as a useful by 
^ product 

The production of thonum metal 
from nuclear grade thorium oxide by 
calcium reduction has been carried 
out at Bhabha Atomic Research 
Centre 

'eat Dr Ahuia jtymed Bhabha Aromit Research 
the Centre after cornplehnq his dottnrate at the 

* of Uniuervtii of Florida and post doc/ur at work at 
" • the Uniuersite de Montreat His re%earch 

(nf€re&rs include development of hiqh punrv 
materials for use in electronic industry oiganu 
>wn and organa metallic compounds 
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POLYMERS 


any of us may not know that 
polymers make or mar our day 
, *rhe tooth brush or the news 

1 S* paper we start the day with, the 

Ijbread and butter we breakfast on. the plas 
[ tic bucket and mug we use for bathing, the 
j, cotton, silk or synthetic garments we 
(^clothe ourselves in and lastly the bed. u 
fffifdm or cotton, we retire into are all 
‘nothing but polymers in various forms 
''^What IS more, many fluids and all proteins 
found in our body too belong to the large 
jbtnily of polymers 

■ Polymers derive their name from the 
i^Sreek words polus (many) and meros 
Ijparts or segments) As the name implies, 
•they are made of long chain like molecules 
consisting of a great many small parts 
!:These small parts may be of one kind or 
different, repeated i a regular fashion A 
‘Sjmple polymer, polyethylene, is a linear 
’ chain, built from the same chemica' unit— 
CH.^—repeated as many as a million times 
Myoglobin, a protein molecule, is, how- 
. ever, much more complex; its long chain is 
folded into a compact form (Fig 1) 

Many fascinating properties of polymers 
can be explained (only qualitatively m 
many cases) in terms of the structure and 
mutual interactions of their long and 





Fla. 2c Disc rotating in a normal liquid 



Fig. 2a A rotating rod in a normal liquid 


treatment in the form of pounding and 
kneading' In the process, the molecular 
chains break loose and get dispersed 
evenly in the water medium As the chains 
uncoil and stretch out, water gets into the 
pores making the dough swell 
This dough, though supple, is not 
VISCOUS enough to flow A synthetic 
polymer made of silicone oil too has the 



Fig. 2d Disc rotating in h polymer 
solution. 



Fig. 2b The rod in a solution containing 
long polymer chains 


present in these materials These entan 
gled chains may be compared to a heap of 
snakes or earthworms, creeping, wiggling 
and sliding over one another. When slowly 
deformed the chains can slide through but 
they have difficulty in adapting to sudden 
changes, hence they recoil 
Elastic recoil could be seen in many* 
polymer solutions I could observe it in a 



Fig. 1 Myoglobin molecule 


flexible chain molecules To start with, let 
us look closely at the polymer which makes 
puoran pnh possible The fine outer jacket 
in which this delicacy sits is made of start h. 
a naturally (x'ciiiring polymer Eot h 
granule of starch is a bundle ul numerous 
starch molecules, which do not dissolve in 
’ water The mixture of starch and water, 
used as a dough. has to be soft and pliable, 
;• for rolling intp^ftin layers That is the 
reason the receives a Harsh 


same consistency hut behaves very differ¬ 
ently Roll out an ego of this material and 
leave it to rest, it slowly flattens itself out, 
flowing like a liquid. Throw the egg on the 
floor. It bounces back as if it were made of 
rubber There are many such materials, 
which, when forced to respond quickly, 
recoil as if they are clastic Given more 
lime they flow like a viscous liquid This 
viscoelastic properly comes from the 
knotting of the numerous polymer chains 
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VISCOUS paste of starch (maida in water) 
meant for starching garments When this 
fluid IS stirred gently with a spoon, after 
removing the spoon, the fluid moves first in 
one direction and then, slightly, in the 
opposite direction The elasticity of the 
fluid IS due to the coiled chains which 
behave as springs Another curious 
property of the same fluid can also be 
verified easily The viscosity (resistance to 
flow) of the fluid changes markedly when it 
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BEHAVE STRANGELY 


15 vigorously stirred. Stirring, pouring and 
spreading are different ways of shearing a 
liquid and this fluid is shear-thickening If 
you whisk it bnskly with a rod. it thickens, 
and sticks to the rod The fluid column 
looks like stretched chewing gum Lift the 
rod gently, the fluid runs down easily With 
^^thicker paste, the rod cannot even enter 
'*(ne fluid readily if it is pushed in suddenly 
whereas if slowly inserted there is not 
much resistance at all The ink used for 
ball-pens has exactly the opposite tendency 
—it thins under pressure flowing more 
easily 

Some polymer solutions are found to 
b^ave very differently from normal liquids 
such as water, under certain conditions of 
flow A look at the pictures alongside will 
make this clear(Figs 2) Near the rotating 
rod of disc, the water surface goes down but 
the polymer solution is doing the exact 
opposite. It IS climbing the rod' Why is it 
being forced towards the centre^ This 

Fig. 2e A normdt liquid thins out 





Fig. 2g Syphoning with a normal liquid 


Fig, 2h Seff-^yphoning of a pofyitivr 
solution 



C-C-^C*< 
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Fig. ^ A pofymer sohition twelb up 
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radial force results from the mfjvemcnt of 
the liquid in concentric rings Sinct 
different rings move with different velocities 
they rub against each other produc ing a 
shearing ftJrce, dift? to the complex 
structure of the polymer chains, in the 
ladial direction, which tends to piU» up the 
liqu'd at the centre The swelling of the 
solution when it is forced through the tube 
IS, probably, due to the recoil effect The 
increase in si?e could be as many as five 
times, .which is a nuisance m the 
manufacture of synthetic fibres (piilymcr 
solution drawn into fine threads) The self 
syphoning effect is, perhaps, the most 
fascinating of all Even with a gap of several 
centimetres above the liquid surface, the 
polymer solution can be syphoned out' A 
single strand sticking out of the tube is 


It of probably pulling anothei one and so on 
met until the container i^,fully emptied -the 
iliGs tangled tale of polymer chains''' 
ig Polymers present in minute amounts 

plex are found to change the behaviour of a 

the normal liquid markedly it is found that 

I the small amounts of (01 per cent) poly 
the ethylene oxide can stabilise the watei let 
[ube used in fire-fighting by preventing the jet 
The from breaking down Some acjuatic 
five animals like dolphins are known to exude 
the polymeric solutions to reduce the hvdro- 
imcr dvnamiL drag Tliese and many othei 
self bizatre profierties of polymeric solutions 
nost are yet to be understood, as it is relatively a 

/eral new field 

the ^ Indira Murthy 

It' A Dr Mwthy^ is on the editorial staff of 

yc IS Science Ttxiav 
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TATA iNSTiTUTt dr nnil^AM^NirAt 

VISITING STUDENT RESEARCH PROGRAMME, IMS 
Icsdlng to * 

SELECTION OF Ph.D. RESEARCH SCHOLARS, 19S6 


TATA INSTITUTE OF FUNDAMENTAL RESEARCH, BOMBAY 
VISITING STUDENT RESEARCH PROGRAMME, 1985 
leading to 

SELECTION OF Ph D. RESEARCH SCHOLARS, 1986 



Applications arc invited from outstanding research-motivated students who are in the first year of Master's 
degree course, for the Visiting Student Research Programme of the School of Physics of the Institute. 

The objectives of this programme are twofold; ^. 

1) to provide young scholars an opportunity to interact actively with research programmes at TIFR and thus 
strengthen their motivation for a re.search career 

and 

2) to preselect research scholars for the Ph.D. programme at TIFR, commencing in the summer of 1986. 

Students cho.ven under this scheme will have the opportunity to spend about six weeks sometime during May 
to July 1985 working with a research-group in TIFR. Their programme will include guided advanced studies, 
specific assignments/projects as well as lectures and seminars. This programme is open only to the first year 
M.Sc. students of Physics. Chemistry or Applied Mathematics, and M. F./M. Tech, students specializing in 
Computer Science who will have completed only the first year of their Master's degree course by summer of 
1985 It IS also open to students entering their final year B. Tech, in Computer Science. Participants will be 
interviewed at the end of the programme and those selected in the interview will be made an advance offer of a 
position as research scholar at TIFR for the Ph D. programme starting in August 1986. subject to their satis¬ 
factory performance in their final M Sc/M.E./M Tech./B.Tech. examination. The monthly honorarium for 
research scholars at 11FR is Rs 1000/- in the beginning which is normally raised to Rs. 1250/- per month once 
the initial training period is ovei. Moreover, tho.se with outstanding performance arc absorbed into regular 
academic positions at TIFR alter their Ph. D. or earlier 


Re.search activities m the School of Physics at TIFR include. 


EXPERIMENTAL NUCLEAR SCIENCE 

EXPERIMENTAL SPACE SCIENCES 

EXPERIMENTAL ATOMIC AND 
SOLID STATE PHYSICS 
THEORETICAL STUDIES 

CHEMICAL PHYSICS 
COMPUTER SCIENCES 


- Nuclear interactions; high energy particle physics: heavy 
ions, nuclear reactions and spectroscopic .studie.s. etc. 

Cosmic rays; gravitation; radio. X-ray. optical, infrared 
and gamma ray astronomy 

- Magnetism; superconductivity; semiconductors; device 
physics, atomic and ionic collisions, etc. 

Elementary particles and fields, nuclear theory; solid-state 
theory and statistical mechanics; astrophysics; cosmology, 
etc 

- Bio-inorganic chemistry; energy-transfer; fast reactions; 
molecular bio-physics, laser spectroscopy etc 

- Speech and digital systems; theory of programming: 
disiributed prog?y.mming; experimental programming etc. 


Ihe Institute has modern and well-equipped laboK!tories«pcrtaining to the above areas. Major facilities 
include (I) the deepest imdciground laboratory in the vorld at Kolar Gold Fields for cosmic ray and neutrino 
experiments and the study of proton decay.(2) a radio telescope at Ootacamund, (3) a nuclear accelerator (14UD 
pellctron) which is expected to become opetational by the end of 1985, (4) Nd YAG/dye lasers and FT-NMR 
spectrometer loi sohd-suite and chemical physics c.\pcriments. (5) balloon facilities at Hyderabad for cosmic 
rays and space sciences, (6) possibilities ol rocket-and satcllite-horiie experiments and (7) CYBER 730and VAX 
11 7N0 computers 


I o apply foi paiticipation in this programme, send request for application form to the Administrative Officer 
(Lsiablishment). fata Institute of Fundamental Research. Homi Rhabha Road, Rombay-4()0005. along with a 
self-addressed, slumped (90 p ) 9" x 4" sw envelope not later than January 15.1985. The last date for receiving the 
filled application forms is January 31. 1985. 

Those students, who arc (hosen lor participation in this visiting programme, will be paid return second-class 
train-fare from then home towns as well as a.stipend of Rs. 500/-per month. Arrangements will be made for 
hostel accommodation during the programme. ^ ^ : 



It is a tremendous achievement for India to be 
the first among the developing countries to 
have set up a permanent station in Antarctica 


continued from page 20 
* points of the buildins- All waste water 
and fluids are cfischarged at a suitable 
depth through drains. The drains 
trace is heated electrically and insu¬ 
lated to avoid freezing. Solid waste is 
converted to fluid through disposo- 
machines. Fresh air from 
"r:i^ide the building is sucked in 
through a duct and let out at 
appropriate places only. The living 
accommodation is quite comfortable. 
The kitchen is equipped with modern 
gadgets. There are a video cassette 
recorder and player, music system. 


K^rtff In AntarcMca 

rable tennis equipment, a small library, 
indoor games etc for entertainment. 
This station, having modern facilities 
for scientific observation^ and rese¬ 
arch, now functions as an excellent 
laboratory and a cosy home for the 
‘winter party’ 

Scientific work 

During the first \vjo expeditions 
studies in the fields of meteorology, 
oceanography, geology, geophysics 
and other branches of science were 
initiated. In addition to setting up of 
the permanent station, the thud 
^^pedition pursued these studies. 
These are given in a nutshell here 
The scientific work was carried out 
on thfr vo^ge to and from Antarctica, 


at the sites of mooring the ship, at the 
base station and at the Schirmacher 
Hill region. Meteorological parameters 
were monitored throughout. The 
permanent station has a well equipped 
meteorological laboratory. 

The entire 35 sq km area of the 
Schirmacher Hill region, where rocks 
are exposed, was mapped on a 1: 
25,000 scale Geological work indi¬ 
cates possible mineralization. The 
total intensity magnetic surveys con¬ 
ducted in the zones of mineralization 
corroborates well with the geological 


evide'nces. 

Studies have been earned out for 
pH, dissolved oxygen, alkalinity, sail 
nity and chemical constituents on 
water ^ samples collected from the 
Antaurtic Seas from depths of upto 
2000 metres^ Chenaical analysis is 
being earned out nii soil and snow ice 
samples as well. 

The Antarctic Seas are rich in 
zooplanktons, particularly krill. 
Systematic sampling has been carried 
out to estimate krill biomass values 
Productive lake sites and soil samples 
analysed for microbial flora indicated 
the presence of rich microbial popula¬ 
tions. A well equipped biological 
laboratory has been set up at the base 
station for further work. 

An amateur radio was successfully 


operated throughout the expedition 
and some 1,400 contacts were made 
all over the world. The satellite 
communication through the Inmarsat 
System makes our permanent station 
well connected on a global basis. A 
study of the ionospheric layer is 
extremely important for radio com> 
munication and has been continued 
from the first expedition. This time, a 
riometer tuned to 20 MHz was used. 
Additionally, a microbarograph was 
used to measure surface wind fluctua¬ 
tions These experiments are being 
continued during the winter at the 
base station. 

The scientific work conducted 
during the third expedition has opened 
up bright possibilities for further 
exploration of this fascinating conti¬ 
nent, mysteries of which are being 
gradually unravelled 

Back home 

Leaving the 'winter party’ behind, 
the third expedition left Antarctica on 
1 March, 1984 and reached Goa on 29 
March By now the ‘winter party’ had 
already completed a full Antarctic 
winter stay. The permanent station 
has functioned well and efficiently and 
has withstood the onslaught of severe 
blizzards and extremely low tempera¬ 
tures. The team continues the scien¬ 
tific work braving against sweeping 
blizzards and permfrost Antarctic 
climate. 

It IS a tremendous achievement for 
India to be the first among the 
developing countnes to iiave set up a 
permanent station in Antarctica It Is 
all the more commendable that this 
major task was achieved during one 
Antarctic summer, incurring mini¬ 
mum expenditure, compared to any 
other countries involved in Antarctic 
exploration Having set up a perma¬ 
nent station at Antarctica, India is now 
on a par with developed countries in 
creating research facilities on this 
most fascinating frozc^n continent. □ 

Di Gupto, Oiifi f'lr r »*nrn' ft r Lun't Su» fk i 
SfudN>s, JmwKinim u-cin the /c‘cm/i*i t>i th*- fhrd 
/rirJiun Mipniijtc Id Aiirnrifiin /!•' 

a rnipient ijf thp Bharmniar Auhih/ 
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War is no longer a matter of physical 
strength—the battle ifi in the laboratori¬ 
es where sophisticated weapons and 
defence systems are created. And at 


the British Army Equipment Exhibit¬ 
ion, 1984, in Aldershot, Hampshire 


i wraps were taken off the latest 
bigns 


The ‘‘chameleon” battle suit, which 
will become the new uniform for 
infantrymen, changes colour to blend 
with the background-—the perfect 
camouflage. And the reinforced hel¬ 
met, which looks like a prop from a 
fantasy film, is one of the most 
researched and advanced pieces of 
uniform. Apart from its extra protect¬ 
ion it has maps and target instruction 
displayed on the visor. And that 
lightweight, double-barrelled gun is 
4 aimed with the help of a sophisticated 
" laser. 

The introduction of the new hand¬ 
held thermal imagers, TI, has almost 
robbed the retreating soldier of the 
protection of a smoke-screen The 
device has a heat sensitive telescope 
which detects objects through heat 
and smoke-screens It will almost 
certainly be used by armies around the 
world But other services—police, 
coastguards and firemen—could well 
find it invaluable in searching for lost 
victims in bad weather conditions or 
‘Jsmoke-filled rooms Even so, the 
Soldier could still escape unnoticed 
according to the Chemical Defence 
Estabitshment at Porton, Wiltshire 
For a new smoke-screen has been 
developed to counter the progress in 
thermal imagers.The system, called 
VIRSS, visual and infra-red screening 
smoke, is an entirely new idea 
Another ingredient has been added to 
the current smoke-screen to prevent 
most thermal imagers “seeing” through 
It creates infra-red energy in bursts of 
air, forcing a dense smoke-screen to 
appear in just two seconds. This is 
backed by a regenerating smoke- 
barrier 60-metres thick and seven 
i^etres high. So the soldier and his 
tanks would have a better chance of 
escaping his enemy without being 
spotted. 



Even the tanks, which were first the battlefield to another. The latest 

introduced in 1916, have a new look improvement allows it to fire eight . 

They are more comfortable and fitted rounds of missiles simultaneously^ 

with the latest safety gadgets And within seconds of being triggered. It 

they are designed to conquer varied also has an armoured and air- 

weather conditions and land challenges conditioned cab for a three-man crew. ' 
The Saxon combat vehicle, is not And in the heat of the moment there 
simply designed to attack It has a steel are charcoal masks to protect the 

armoured hull which will withstand fighter's face They give temporary 

very heavy fire. And the underside of protection from surprise attacks of 

the vehicle is “\/”-shaped. This gives a chemical vapours and nerve gas 

greater protection against unexpected But should he not escape the 

land-mines, petrol and nail bombs battlefield without injury, help is 

While the soldier in the MVC-80, an closed at hand for the soldier, 

armed personnel carrier, could ccr- Emergency transportable buildings 

tainly destroy another vehicle as far are being introduced Designed by a 

away as the horizon Made of re- Southampton firm, operating theatres 

inforced aluminuim, rather than steel. can now be moved very close to the 

It carries a powerful gun, a 30mm scene of the fray Traditional battlefield 

Harden canon, in a two-man turret units are usually not strong enough 
But the manufacturers have come for use as operating theatres But with 

up with a device that could counter these units, fully-equipped hospital 

even this-the deadly anti-tank theatrescanbequickly transported to 

weapon, the Lawmine Unmanned, the disaster area by land, sea or air and 

and set up alone in a firing range it will be operational within minutes of 

automatically engage a target at any arrival 

distance between 10 metres to more A devujus bomb disposal vehicle 
than 100 metres As soon as a vehicle could also help make the war zone 

cros*s its path it is sensed, and a safer The RoA/ch is a remote- 

round fired to hit the target at its most controlled unit, which can be easily 

sensitive po!nt The weapon is the earned in the back of a car It is fitted 

result of many years of research in a with two detectors that differentiate 

joint project between British Aerospace between exy'>losives and false alarms 

and Hunting Engineenng Ltd But for the soldiei who has 

At the same lime, the soldier lying everything there is the 22 carat gold- 

deep in his trench can protect himself plated Sterling sub machine gun At a .« 

from aircraft attack using the Rapier cost of £3,000 it is twelve times more 

system. This air defence system fires exy^ensive than the normal army 

missiles at high speed against low-flying issue But it fires just as accurately 

attacking aircraft But until recently Worth its weight in gold, it is the ] 

they have not been very manoeuvrable ultimate in gilt-edged investments 
Now, with the new Tracked Rapier, it • * 

can be easily moved from one part of (Asia Features) 

f. 
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In India we have several 
plant species which 
produce oilseeds 


6ETABLE BUTTER 


jJJ’ ooking oil adulterated” 

* —screamed a newspaper 
, „ headline, followed soon 
by several more in the 
same vein Consumers throughout the 
• country were enraged when they read 
about the adulteration of vegetable fats with 
animal tallow And this adulteration was 
true for nearly all bicinds of hydrogenated 
vegetable fats Many recapitulated the 
horrendous days of 1657 when under the 
British rule, cartridges were greased with 
animal fat 

The above issue, sure enough, soon died 
down but many consumers were left 
absolutely baffled about what to use as an 
alternative considering then religious 
sentiments Lillie did they realise that 
chemically there is not much difference 
between the fats obtained from animal and 
plant sources Several plants yield valuable 
fats/oil which is nutniionally and taste 
wise superior to oils obtained from animal 
sources This oil frtrm j^ants closely 


resembles hydrogenated fats, desi ghee or 
butter 

Chemically, fats are glyceride esters of 
fatty acids which are monocarboxylic 
acids containing a rarboxylx (acid) group 
(CCX)H) The unsaturated acids have atoms 
linked by double or multiple bonds These 
fatty acids when solid are known as fats 
and when liquid, they are called oils 

Hydrogenation of fats is a complex 
process which consists of converting 
unsaturated fatty acids into saturated 
ones The oil in liquid phase is simply 
converted into a solid fat by the action of 
gaseous hydrogen in the presence of a 
solid catalyst like nickel Even copper can 
be used as a catalyst fcir this reaction The 
double bf3nds in the unsaturated fatly acid 
structure is of the tis form which after 
hydrogenation achieves a trans form This 
process bi mgs about a dramatic change in 
the melting point of the original oil 
Margarine is also a similar product used as 
a substituent for butter 


Among the oilseed-bearing plants there 
are several growing in different parts of the 
world apart from those indigenous to our 
country, whose seeds furnish butter or 
ghee-like fat resembling hydrogenated 
vegetable oil The fat assumes the texture 
of butter or ghee when it contains 60 per 
cent or more of the saturated fatty acids 
For quick absorption of the fat in the 
human body the melting point of such fats 
should range between 31 and 7®C 

Let us now unearth the hidden treasures 
of nature which arc full of plant seeds 
yielding useful oil In India we have several 
plant species which produce oilseeds to 
form different typos of fats (butters) 

Edible butters 

Many trees yield fats which are used in 
cooking, confectionary. chcKolates, etc 
Cocoa butter is obtained from i ocoa tree V 
Thenbroma cacao These trees arei^- 
cultivated in tropical places and a normal 
tree bears at least 70 to 80 pods in a year 


Madhuca laiifolia 0eft) and Madhuca hutyracea (right) 


Cocoa beans 
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The coroa beans give cocoa butter which 
has a pleasant aroma, taste and is long 
lasting Coatings of chocolates, candies 
and bonbons are made out of this butter 
Another type is the kokum buttei (Cioa 
butter) obtained from the seed*- of 
Garcirna indica which grows in the tropical 
rain forests of the Western Ghats The 
trees are also grown c^ver a large area in 
Goa There are other species of the same 
genus which also produce similar fats 
which are used in cooking and confee 
tionary Mango butter from the seed 
kernel of mango, Manqifcta indii a, is used 
widely m chocolate manufactuic The* 
whole of coastal region in India is tull of 
coconut trees The fresh kernel is 
f consumed ai! over India and it s fat forms an 
^ingredient of many Indiah food prepara 
lions 

The others which have similar edible 
uses are Indian kapok oil from small browh 


seed of silk cotton tree, Chinese tallow 
from Sapium sebi/erum, introduced at 
various altitudes in Northern India, and 
Java almond fat obtained from trees 
cultivated in Kerala 

Tile butter obtained from Chura tree 
known as Phulwara butter is a white fat 
with pleasant flavour having a texture like 
“Dalda ” It is locally called as chura ghee 
and 15 a popular cooking medium 

Industrial and medicinal butters 

A well accepted industrial commodity is 
the Mowrah butter obtained fiom Mahua 
trees four'd in central and east India 
The fat from the seeds of seveial species of 
Cinncimomum yield Kusu fat These 
seeds contain a hxrh amount ot lauric acid, 
a fatty acid which is a good raw material for 
tlie manufac ture tjf synthetic deteigents 
Althc3ugh, Pisa and l.itseo lal also have 
been found to be good sources (if lauric 


acid, they have not attained practical 
importance Nutmeg tree cultivated in 
Tamil Nadu, Kerala and Assam yicid 
nutmeg butler Commercial nutmeg 
butter, an ^romalic fat. is obtained from 
undersized, damaged or worm eaten 
kernels which arc unfit for sale as spice 
The fat is used as a mild external stimulant 
in ointments The fats from other species 
are used as an embrocation (lotion) in 
rheumatism, sores and pains 
The fatty acid composition of all fats 
vary(Table) For proper assimilation we 
rec|uire fats melting below 37'*C In several 
instances the melting point ranges from 
33" to 54"C By blending solid and luiitid 
fats, ghc^e, butter or tallow, the desired 
quality of fat can be produced 

There is an ample oppurtunity and big 
scope in the country to exploit such 
oilseeds at the time when there is a big 
(li'rnand for fat. for edible find industrial 
purpose*^ Tlie trees which yield butter or 
ghee products c an be planted on a massive 
sc'ale and expbited jiidic lou'-ly This will 
reitainlv help reduce the gap between 
sufiply and demand (if fat and reduc e our 
oil import India has the lienefit of a varied 
climate, from the Alpine type in Tamil 
Nadu, Kerala and the and type in 
Rajasthan to the highly humid type in 
Assam and West Bengal This gives rise to 
a rich and varied flora, often quite 
distinctive 


R. Banerji Gopal Misra 

A. R. Chowdhury S. K. Nigam 

The aulhors are from the NatiorHil Botanical 
Research Institute, Lucknow 


Some fats from different plant sfHecies groum in India 

Common name 

Plant sour^ 

Fat yield 

of tats 

• 

(pc>r cent) 

Cocoa butter 

Theobtoma cacao 

50-55 

. Kokum butter 

Gcircinici mdiro 

48 

Mango butter 

Mangifera indica 

6 IP 

Indian kapok oil 

Bombax maJalyaru urn 

18 26 

Chinese tallow 

Saptum sehiferum 

55 78 

Java almond fat 

Cananum commune 

68 

Phulwara butter 

Madhijca buturacea 

60 65 

Mowrah butter 

Madhuca lati/olia 

50 60 

Kusu fat 

Cinnamomum camphorc 

42 

Pisa fat 

Actinodaphne kixikerii 

48 

Litsea fat 

Litsea glutinosa 

35 

Nutmeg butter 

Myristice fragrans 

38 43 


f 
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PURE DISntlED WATER 

as per IS/IP spec, without electricity 


STANDARD DEMINERAUSER 

■ • Thousands of units in operation 
oil over Indio. 

• Capacity- 40 litres per hour 
ondottove 

• Low running cost and capital cost 
• Long life with rigid R/C 
construction. 

• Pochoge unit- Complete with 
filtration, two bed and mixed bed 
demineralisation forensunng 
guaranteed purity. Occupies 
small space. 
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The first two publications tell how you can 
get schotar^ip for higher stu<£es. 

AUTHOR.VINOOK GAMBHIR,C Eng(UK).MBA(USA), Managing DitkIw. 
ex IRSME (Class I). Scholarship holdor throughout, in India ft abroad 

• HIGHER STUDIES ABROAD 

Pub: 1984 Price- Rs 26/- 
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m USA, Canada S other countries Also ebgMIlty, educational system, 
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JeUdivg 

Do-it-youreelf kite 


Jetking kits are designed to let your child pick up the basics of 


engrossing projects And at Rs 125/- it's the 
best way to introduce him to the electronics 
age 


Jetking: 350, lammgion Rood. Bombay 4(XX)07 
Phone 357101 Jetking Electronka Pvt. Ltd. 3630 I 

Pataudi Housa, Ooryogani, New DalKi 110003 Phone 
360458 Jetoge Electronici; Lammgion Road, Bombay 
400007 Phone 350041 India'a Hooby Centre: Opp 
Ploia Cioeroo. Connought Place. New Delhi 110001 Phone 353111 
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Continued from page 24 

ctic mountains running between them 
and forming the third tectonic province. 
East Antarctica, facing the Atlantic 
and Indian Ocean, forms a Precam- 
bnan shield—a large segment of the 
continent that lost its internal mobility 
and was stabilised long ago. In the 
R^eozoic era it suffered minor 
"" vmcal movements, causing certain 
parts—the stable platforms—to be 
submerged by the sea. The flat 
Palaeozoic sedimentary beds now 
occur over an old basement of 
metamorphic and igneous rocks 

West Antarctica is the smaller part 
of the polar continent and lies off 
the Pacific side of the south sea. It is 
believed that if the present ice sheet 
were to disappear, the area would 
probably become an archipelago of 
several islands West Antarctica is 
composed of younger rocks of 
Mesozoic and Tertiary age This area 
^ has suffered widespread tectonic and 
volcanic activity and is structuially 
and morphologically related to the 
South American Andes through the 
Scotia arc 

The Transantarctic mountains he 
between the Precambnan shield of 
East Antarctica and the younger 
folded belt of West Antarctica. This 
mountain chain nearly coincides with 
an ancient geosynclinal belt in which 
several sequences of sedimentary 
rocks were deformed during different 
1;^ episodes of mountain building since 
^edrly Palaeozoic times. These strongly 
deformed rocks are overlain by the flat- 
lying Beacon group of rocks consisting 
of tillites, coal beds and rocks 
containing fossils of the Ghssoptens 
flora—a group of ancient plants typical 
of the southern supercontinent 
Gondwanaland. These rocks arc very 
similar to those found in the Gond- 
wana sequence of India, Australia, 
Africa and South America 

Our present area of investigation is 
located in the Queen Maud Land of 
East Antarctica. The basement com¬ 
plex of East Antarctica consists mainly 
of unfossiliferous high grade gneisses 
v.and crystalline schists of Precambnan 
age with granitic intrusion of different 
episodes. These rocks are mainly 



Floating mountains of ice, with sea ice in the foreground 


exposed along a broad mountain 
range with a general elevation of more 
than 1000 metres and running parallel 
to the present coast line at a distance 
of 200 km from the ice shelf The 
Schirmacher range, our area of study, 
IS a 20 km long and approximately two 
km wide isolated ndge that lies 
midway between the main mountain 
range and the ice shelf 
The average elevation of the irange 
IS 100 metres from the ice shelf with a 
number of peaks higher than 200 
metres There are twelve glacial lakes, 
the largest having an area of one sq. 
km. South of the range lies a sheet 
glacier with a prominent tongue 
protruding through the hill range 
The entire range shows prominent 
glacial erosion and weatheiing with U 
shaped valleys and extensive occur 
rence of moraines at considerable 
elevations and with a glacial polish on 
the rock exposures. Wind erosion is 
doijijQiant at higher altitudes where 
the rocks have a pitted surface and ai e 
honeycombed and friable 
The rock types found arc high grade 
gneisses of different varieties with 
intercalated metabasites The lithology 
includes augen gneiss, garnet biotite 
gneiss, banded gneiss, migmatitcs, 
mylonites and amphibolites The intru- 
sives include lamprophyres and .dole- 
rites. Disseminated occurrences of 
sulphides of base metals and graphite 
were also found in this range The 
rocks of this area suffered multiphase 


deformations so typical of the Pre- 
Cambrian gneisses in other parts of the < 
world = 

The whr)le range of 35 Sq km area ; 
was mapped geologically and structu¬ 
rally and samples were collected for ! 
detailed analyses of petrological, I 
mineralogical and geochronological i 
studies. Such studies will bring out < 
much more interesting information ! 
and will enable us to compare similar j 
rock types in India ■ 

i 

The last days < 

As time passed the Antarctic 
summer became austral autumn The . 
Sun started to set below the . 
honzon, and the mercury in the j 
thermometer was gradually moving ; 
downwards. blizzards were more i 
frequent and sunnydays more rare At \ 
last, the time to leave the icy continent i 
arrived--the time to leave behind a t 
part of our team to man the newly built ‘ 
permanent research station Dakshin i 
Gangotn Tliey will be there to witness 
the long polar night and bring back a 
bagful of information and many new 
experiences While we bade them 
farewell so many of us silently bade 
Antarctica au re voir. □ 


Dr Sonqupta is a geuhgist a! the Dv/xirtment 
u/ Get^ngicai Sciencps. Jodaupur Uniwsifv 
Calcutta She luas a memher of the third Indian 
expedition to An tare ticn 
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The Answrers 

(Continued from page 33) 


1 • Adiabatic:-B In thermodynamics, an adiabatic process is a change 
occurring within a system without transfer of heat energy to or from the 
system. A rapid periodic expansion and contraction of a gas is very nearly 
adiabatic Any process that occurs within a container that is a good insulator 
is also adiabatic Adiabatic processes are characterised by an increase in 
entropy or degree of disorder, if they are irreversible and by no change in 
entropy if they are reversible Adiabatic processes cannot decrease entropy 


PhotosynthetioB Photosynthesis in green plants is the 
conversion, in the presence of light, of water, carbon dioxide and minerals 
into oxygen and various organic compounds 
Literally, photosynthesis means “putting together with light energy ” 
Without photosynthesis, the Earth s atmospht. e would be devoid of oxygen. 
If plant photosynthesis were to stop, most living things would disappear from 
the Earth in a few years 



3 • Symptici-A: Pertaining to the synapse or neuronal junction, it is the 
functional connection between two nerve cells (neurons). It allows nerve 
impulses to be transmitted from one cell to the next. The synapse with its 
chemical transmitter substance, acts as a physiological valve, directing the 
conduction of nerve impulses in regular circuits, preventing random or 
chaotic stimulation of nerves and wasting of energy. 



•x. MagmatioC. Magma, the 
word from which ‘magmatic’ is 
derived, denotes molten or melted 
rock It contains gases that are 
mixed or dissolved in it Lava is 
magma that has reached the 
surface of the Earth but has lost 
most of its dissolved gases Magma 
contains crystals of minerals in 
some form Magma is thought to 
originate from the thuk, normally 
solid layer between the crust and 
the central core It comes up from 
deep cracks in the earth, between 
areas of rock that have shifted It 
accumulates just below the suitace 
and feeds the vents of volcanoes 

There are cliffercr it tyjxjs of volcanic 
eruplion.s so the manner in which 
magma is extruded from the earth’s 
crust vanes The figures alongside 
show the mechanism by whu h 
magma feeds the vents of an active 
volcano 



ChemotactioA: Chemo- 
taxis represents the movement of 
an organism in response to a 
chemical concentration gradient 
and an orientation response of an 
organism to a chemical stimulus 
An example of a chemotactic 
response includes the migration ol 
white blood cells to the site of injury 
c'r mflamnrplion when there is a 
wound or infection in the body The 
exact mechanism by which this 
Occurs IS the subject of much 
controversy 


Thewinneis! 


T his month we announce the 
winners of both the July and 
August competitions They arc 
M.C Anbudorai of Pondicherry 
and Jyoti M. Parekh of Baroda 
respectively. 
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6 « Pneumatici-A: The adje¬ 
ctive 'pneumatic* pertains to systems 
operated by air or any other yas. 
Pneumatic devices generate and 
use compressed air in a wide 
variety of applications. These inclu¬ 
de automobile tyres, pneumatic 
construction tools like rock drills, 
pavement breakers and rivettes, 
machine tools for metal processing 
such as forging presses and grind¬ 
ers, air cushions to absorb shocks, 
paint sprayers, blast cleaners, 
atomizers and conveyers 
Compressed air power is flexible, 
economic and safe An air-device 
creates no spark hazard in an 
explosive atmosphere and can be 
used under wet conditions without 
any electric shock hazard For 
these reasons, compressed-air 
power IS the only type of pow»er 
used in mining and construction 
operations 


7 • Aliphatic:-C: Aliphatic 

compounds have been described in 
two ways. The first definition 
describes aliphatic compounds as 
"those organic compounds of 
hydrogen and carbon, characteri¬ 
sed by a straight chain of carbon 
atoms” The second description 
classes "any chemical compound 
belonging to the organic class in 
which the atoms are not linked 
together to form a ring” as an 
aliphatic compound. One of the 
major structural groups of organic 
molecules, the aliphatic compounds 
include the alkanes, alkenes and 
alkynes and substituents derived 
from them. 


8« HolistioB' Derived from 
the word “holism**, holistic, refers 
to a biological concept that views 
the whole of a complex system 
such as a cell or organism, as 
functionally greater than the sum of 
its parts Holism is also known as 
organicism. 



9* AstigmatioC' Astigmatism is a common eye-defect People with 
astigmatism cannot focus horizontal and vertical lines to the same point. This 
makes reading difficult Astigmatism occurs due to lack of symmetry in the 
curvature of the cornea or much less commonly of the crystalline lens (the 
cornea is the transparent wall of the eye, in front of the pupil and ins.) The 
result IS blurring of part of the image on the retina (the light-sensitive tissue 
lining the back and sides of the eyeball) Astigmatism can also be produced by 
misalignment of the lens It is measured by an astigrnatometer. Correction of 
vision IS achieved with cylindrical lenses - lenses with one side flat and the 
other concave or convex m the shape of the cylinder wall 


10 . Ballisticr-A: Refers to a branch of applied mechanics, dealing with 
the motion and behaviour characteristics of missiles, that is, projectiles, 
bombs, r,ockcts, guided missiles and so forth Ballistics is an important aspect 
of defense studies 


^ Win a Prize 

• • 

O UR list of‘tic’klish teasers lire meiely meanM(»en‘tir e you tojoin our 
December quiz competition We want you to send in a list of as many 
words mundane and exfj'tic’ as you can think off They must all end in‘tic’ 
The list should c<intain only scientific terms and should be sent to our 
Bombay otfice' 

SCIENCE TODAY. Times ot India Building, D N Road, Bombay 400 001 
The winner gets a full ye,ir’s free siibsc ription lo SCIENCl* TODAY The last 
date for sending in your entries is 5, February. 1985 
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Testing with 
impulse generator 



T7ie impulse generator—the world's 
hrgest—is r^uired for testing high- 
voltage circuit-breakers 


T he world’s largest impulse generator. 

which delivers a short-circuit power of 
almost 6000 MVA, is at present being 
assembled in the high-power testing 
laboratory of the Berlin Schaltwerk in the 
Federal Republic of Germany (FRG) 
From about the middle of 1965 onwarc^, 
when thih work will have been completed, 
the Schaltwerk will have the world’s largest 
high-power testing laboratory for hgh- 
voltage circuit-breakers and switchgear 
High-voltage circuit-breakers with breaking 
capacities of up to 120.000 MVA can thus 
be tested This corresponds to the total 
installed capacity of all power stations in 
the FRG 

Such enormous capacities are essential 
for the testing and further development of 
modern high-voltage circuit-breakers and 
switchgear in order to meet future 
demands for high-capacity supply systems 
Manufactured in about 100,000 man 
hours, the machine weighs 725 tonnes 
The capital cost of the complete extension 
of the high-power testing laboratory will 
amount to nearly Rs 275 crores 



The 40- tonne supramagnet is a part of an international 
project for fusion research 

Largest supraconductive magnet 


T he largest supraconductive magnet 
ever designed and built in the Federal 
Republic of Germany, left for the Oak 
Ridge National Laboratory in Tennessee, 
USA recently This 40-tonnc supramagnet 
IS part of an international project for fusion 
research known as the “Large Coil Task” 
(LCT) The magnet will be assembled with 
five others—three from the USA and one 
each from Japan and Switzerland respec¬ 
tively—to form a ring coil arrangement 
The object of the LCT project is to 
demonstrate the industrial feasibility and 
operational safety of different designs of 
huge supraconductive toroidal field 
magnets with their typical huge D-shaped 
contour 

Before shipping to the USA the first 


function tests of the coil will be carried out 
in a 9 m high cryostat with a diameter of 5 
m at the Institute for Technical Physics of 
the Karirushe Nuclear Research Centre 
The magnet will then be cooled down to 
the operating temperature of 4'’K and 
energized with currents up to 10,000 
amperes The cryostat is installed in a pit 
12 m deep and 10 m in diameter to reduce 
the intensity of the stray field 
The ultimate object of these efforts is 
directed to practical nuclear fusion, that 
natural process on our Sun by which the 
nuclei of hydrogen atoms are fused to form 
helium, thus releasing tremendous quanti 
ties of energy It is hoped that this wdl 
prove to be the solution to almost all our 
future energy problems 


Savoury soyabean 

then inixad with dessicated coconut 


S oyabean is continuing to prove its 
versatility (see Si&ENCE TODAY. 
September 1984). Recently, it has made 
inroads into the realtp of coconut. The 
Soyabeans Food Research Centre of 
Sri Lanka has dMeloped a soitsbean 
substitute for coconut milk to counted 
the cver<escalating prices of coconut. 

Soya flour, the Centre reports, 
muted with 15 per cent dassicalftL 
coconut, effectively substitutes coeonut 
mBk in Mrious dkhet. Soya flour is 
made by exhuting the beans arid ties is 


and ground to a fine powder. 

The new product imparts the same 
flavour to dishes as that of coconut and 
It is virhufkt impossible to dtfferentiate 
between flw dUics made with the new 
product and those with 100 per cent 
coconut ndk, the Centre ebima. 

While preparing gourd-type vegeta¬ 
bles, the milk of soya powte edn be 
dkcctly added. But for cooking fish, 
meat, etc., the powder should fust be 
dissoived in warm water. 
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A ‘Synthetic’ Stalwart 


iK roteins constitute the essential 
components of life. They, in 
turn, are made up of long chains 
of amino acids. Twenty-six 
letters of alphabet in various combi¬ 
nations and lengths make up entire 
English literature. Likewise twenty 
different amino acids join together in 
different ways to form peptide chains 
which told and combine to build 
proteins. Until very recently only 
nature manufactured these. The natu¬ 
ral process, although elegant and 
precise is quite complicated, the 


be complete and none of the treat¬ 
ments during the progress of synthesis 
should lead either to racemization or 
to alteration of any side chains. Till 
1963, all these reactions had to be 
carried out in appropriate solvents, 
and the products at each stage had to 
be purified by crystallization. 

In 1963 Mernfield introduced a new 
concept in the synthesis of peptides. In 
this scheme, a suitable solid support 
was selected and a reactive site was 
produced on it. In the early experi¬ 
ments styrene polymer beads with 



R. Bruce Merri/ieid 
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ordered sequence of amino acids 
being dictated by the nucleic acid 
code. For devising a process which 
allows an automated synthesis of 
proteins in vitro Robert Bruce Mcrn- 
field was awarded the 1984 Nobel 
Prize fo Chemistry. 

Even before Merrifield, scientists 
had tried to manufacture proteins in 
laboratory The steps involved were. 
(1) protection of ammo acid carboxyl 
group^(2) formation of peptide bond, 
(3) selective removal of the ammo 
terminal protecting group, (4) elon¬ 
gation of the peptide chain by 
repeating steps (2) and (3), and finally 
(5) removal of all protecting groups 
This strategy is called stepwise 
elongation 

In order to ensure that all the new 
peptide bonds possess the linkage, the 
reactive side chains of amino acid 
residues have also to be blocked 
during the synthesis by stable chemical 
groups that can be removed after the 
synthesis. 

Foi the successful synthesis of a 
peptide, all the coupling steps should 


chloromethyl groups as cross-linking 
groups, were used. The first ammo 
acid—actually the terminal amino acid 
of the proposed peptide chain—was 
attached by its carboxyl group to the 
reactive site. The second amino acid, 
with all but one of its reactive groups 
protected was activated and coupled 
to the first ammo acid, leaving the 
protected dipeptide firmly bound to 
the support The solid could be filtered 
and washed thoroughly. An automated 
process, at the press of a button or 
control valve could reriio’.'W'sH the 
excess reagent^ and any by-products 
without the slightest danger of losing 
the desired peptide. 

After the requisite sequence of 
ammo acids was assembled m this 
manner the peptide chain could finally 
be removed from the support by 
selectively breaking the bond that has 
been holding the two together throug- 
out the synthesis. At this stage the 
p)eptide chain was free and could be 
dissolved and separated from the solid 
suppmrt Once it was in solution, 
conventional purification procedures 


were followed. 

Since the early experiments, 
considerable progress has been made 
m the choice of solid supports, etc 
The stage is set for the synthesis of any 
high molecular weight protein. In 1963, 
insulin, a small protein with two 
peptide chains of 21 and 30 amino acL'^ 
was synthesized in Germany, USA 
and China. In 1965, the same molecule 
was synthesised m Merrifield’s labora 
tory using automated solid phase 
pephde synthesizer It is to be hoped 
that molecules related to insulin would 
be prepared in the near future which 
may exhibit greater or more proiongf^d 
activity for the treatment of diabetes. 
It may also be possible that new and 
more efficient synthetic enzymes may 
be found* for certain biological 
functions or these may contribute m 
understanding the mechanism of the 
enzyme functions in relation to their 
structures. 

A.S.U. Chaughule; 

Or Chaughuley is a benior sctenfist at the Bu 
Organic Diui.sioii, Bhabha Atomic Research 
Centre, Bombay 
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The ‘charmed’ pair 


year’s Nobel Prize in 
Physics is shared by two high 
energy physicists—Carlo Rubbia 
and Simon van der Meer, both 
from CERN, the European Centre for 
Nuclear Research, Geneva Rubbia, 
in Gorizia, Italy, has been 
*au)Kded the Nobel Prize for the 
discovery in 1983 of U/and Zparticles 
Van dcr Meer, born in The Hague, the 
Netherlands, has been so honoured 
for his invention of the stochastic 
beam-cooling method for the accumu¬ 
lation of intense antiproton beams 
which made the discovery of the W 
and Z particles possible. The W and 
the Z vector bosons (bosons are a 
class of particles named after the 
Indian physicist, S N Bose) were 
among the most elusive particles* 
known 

I Until some years ago, it seemed that 
nature was dnven by four forces (i) 
the electromagnetic force (governing 
the interactions of electrically charged 
piarticles), (ii) the weak force (res- 
ponsible for radioactivity and decay of 
many particles), (in) the strong force 
(holding nuclei together and responsi¬ 
ble for production of many particles in, 
for example, collision between two 
protons, and (iv) gravity (attracting 
large bodies) A very important 
theoretical concept is that each of 
these forces acts through the 
^exchange (earner) of a particle Just 
as the photon, the ultimate quantum 
of light, is the carrier of the 
electromagnetic force, the newly 
discovered W and Z particles cai ry.the 
weak force. 

In their attempts to unify the basic 
forces, physicists have recently 
succeeded in unifying the electro 
magnetic and weak forces into a single 
basic force .called electroweak The 
electroweak theory was developed by 
Sheldon Glashow, Abdus Salam and 
Steven Weinberg for which they 
shared the 1979 Nobel Prize. The 
theory postulates the existence of 
three massive 'intermediate vector 
ibosons’, also caled 'weakons’—one 
neutral (devoid of electric charge), the 
Z^^and two electrically charged, the 
W and W ; the predicted masses of 


the W and Z^ particles are 83.0±2 9 
GeV and 93 8±2 5 GeV, respectively, 
that IS, they are about as heavy as a 
nucleus of strontium The discovery of 
the W and Z particles therefore 
provides a great support to our 
understanding of the electroweak 
force 

To detect and establish the 
existence of massive particles such as 
W and Z is not a trivial task The basic 
process allowing the study of particles 
and their properties is the collision 
between accelerated particles How- 
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ever in .the late 1970s, such heavy 
particles were beyond the energy 
range of any existing machine The 
most efficient machine for this 
purpose IS undoubtedly the collider A 
collider is generally a circular machine 
.which accelerates a beam of panicles 
and smashes it against another beam 
circulating in the opposite direction A 
collide-^n which one of the beam is 
that^^'ifiprotons and the other that 
of protons i*^ rruire# efficient for the 
production of W and Z particles than 
the one in which both the beams 
consist of protons The CERN collider 
used by Rubbia and his team for the 
discovery of the weakons was 
precisely of the former kind In this 
collider, antiprotons with energy of 
270 GeV are made to collide against 
protons of 270 GeV energy, that is. a 
total of 540 GeV energy is available m 
the collision 

Rubbia was the driving force behind 
this whole project. It was he who, in 


1976, proposed (with David Cline and 
Peter McIntyre) the modification of 
existing accelerators into proton- 
antiproton colliders, initially at Fermi- 
lab in the US where it was rejected, and 
later at CERN Credit must also go to 
the CFRN management which showed 
the courage and foresight to accept 
this proposal at a fairly heavy cost in 
money and in dislocation of the 
experiments already underway. 

This technological development 
could not, however, have been 
possible without the invention of 
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'stochastic cooling' by van der Meer. 
Rubbia says "We couldn't have done 
It without van der Meer "The problem 
van dcr Meer has solved is briefly this. 
Antiprotons are created in the 
collision of a high energy proton beam 
with a target, and collected into a 
rough beam These antiprotons have a 
wide spread of velocities, and so 
cannot be accelerated coherently in a 
synchrotron accelerator The velocity 
spread has to be nan owed, that is, the 
ocam has to be ‘cooled’ The word 
'stochastic' means random, and 
‘stochastic cooling’works by reducing 
the random spread in velocities so that 
they become concentrated around the 
desired velocity It docs this by 
observing the ‘centre of gravity’ of a 
slice of the beam, using pick-up 
electrodes at one point of the ring. 
Signals are then sent across the ring to 
apply an electric field to the same slice 
of the* beam when it has travelled 
around so as to nudge the 'centre of 
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gravity* towards rhp difsired position 
This procedure is repeated millions of 
times, progressively ( ooling the beam 
It took four years, 1974 78, of 
expciimentation by van der Meer and 
his team to demonstrate that these 
ideas were sound and could be used to 
obtain antiproton beams of sufficient 
intensity to do colliding beam physics 
at the CFRN Super Proton Synchro 
Iron 

Rubbia pushed hard against great 
odds and uncertainties to use these 


ideas to build the 540-GeV antiproton* 
proton collider, mentioned earlier 
Furthermore, he pulled together a 
large team to put forward a proposal 
for an experiment which was code- 
named UAI, after ‘Underground Area’ 
where the massive detector is housed 
This team grew to involve some 130 
physicists from 13 research centres, 
mostly from Europe. The UAI consists 
of an assembly of about 2.000 tonnes 
of detector apparatus capable of 
identifying particles and measuring 


their energies By a careful analysis of 
the electronically recorded events, the 
UA^ announced the discovery of the 
W and W in January 1983 and of the 
in May 1983. Thus the quest for the 
intermediate vector bosons, begupjn 
the early 1960s and pursued vigoroW)^ 
at every accelerator commissiomd 
since then, finally came to an end at 
the CERN antiproton-proton collider 

P.K. Malhotra 

Prof Malhotra is uuith thp Tata Inslitutp of 
Fundamental Research, Bombay; 


The ‘immorlar trio 


mXTLONAL antibody’ 
nas bccopre almost a 
password in biological 
sciences today. Far 
beyond their original aim, they have 
found ever-increasing applications m 
almost every single branch of life 
sciences They have also become 
important weapons in treating and 
diagnosing disease For this epoch 
making discovery and ushering in of 
the hybridoma technology, its origi 
nators Cesar Milstein and George 
Kohler share this year’s Nobel Prize 
for Physiologv and Medicine along 
with the leading theoretician of 
immunology, Niels Jerne 
Niels Kaj Jerne (73), has been londly 
considered as ‘a man who not only 
studied immune system, but who 
patterned his life after it’ Born in 
London and educated in Holland, 
Jerne studied medicine in Copenhagen 
rather late in life He wanted to 
become a village doctor However, 
during his studies he took up a part 
time job in a scientific laboratory, and 
‘from then on’, he says, ‘(he was) 
trapped in science’ 

Jerne is a tonceptualist, who has 
provided t'vo very important concepts 
in immunology, that of self tolerance, 
and of network theory 
The whole immune system revolves 
around the fact that the body is 


capable of reacting only to ‘foreign’ 
substances invading the host. The 
question is, what decides this 
foreignness? Jerne provided an 
elegant theory to explain this 
discriminatory ability of the host He 
postulated that during very early 
development (ontogeny), clones of 
lymphocytes reacting to ‘self* mole¬ 
cules are eliminated (forbidden clones) 
This postulate has helped in linking up 
the remarkable phenomenon of anti¬ 
body diversity with self-tolerance 
The regulation of immune response 
has been the subject of detailed 
investigation for several years Proli¬ 
feration of lymphocytes triggered 
during immune response, if not 
adequately controlled, might lead to 
autoimmune diseases or ma^'qnancy 
Jerne’s network theory the 

presence of lympho^tcs having 
recognition molecules or ‘fits’ for each 
of the diversified antibody molecule a 
host IS capable ot producing in 
response to any antigen Thus, to a 
vast number of antibody molecules of 
diverse specificities, there exist cells 
capable of producing ‘anti antibody’ 
If not for his theoretical exploits, 
Jerne would certainly be remembered 
for his gift to immunologists of the 
most widely used technique of ‘plaque 
formation’ which helps visualisation of 
individual antibody-producing cell. 
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Tfic major dilemma in the immune 
system is that the antibody-producing 
cell has a finite life, which limits the 
availability of this important biological 
reagent. It is also difficult to producer'^ 
antibodies of desired specificities af 
will One of the greatest scientific 
contributions of the last decade is the 
development of a methodology to 
immortalise the antibody-producing 
cell by fusing it with a cell that has a 
capacity to grow continuously in 
tissue culture The originators of this 
ingenious methodology ate George 
Kohler and Cesar Milstein 
According to Milstein, any modern 
scientific discovery is an outcome of a 
whole lot of background work 
conducted in the past by several 
scientists. In.this Instance, he gives 
equal credit to the development of the 
method of tissue culture, somatic ce!^' 
hybridization, and the clonal selection^ 
theory of.antibody production. The 
combination of all these is the birth of 
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the ‘Hybridoma Technology* which 
has already changed the complexion 
of many a biological science and 
medicine. 

Born in Argentina, Cesar Milstein 
had his doctorate Ixith at Buenos 
(1957) and at Cambndge (1960) 
making a sincere but futile 
attempt at working as a faculty 
member at Buenos Aires, he returned 
to Cambridge in 1963, and is at 
present a senior member of the British 
Medical Research Council Labora¬ 
tories of Molecular Biology. 


which the antibody is directed He first 
brought about a fusion between two 
myeloma cells, which helped him 
understand structural details of 
antibody molecules and genes involved 
in their synthesis However, in order 
to relate the structure of an antibody 
molecule with its function, he needed a 
continuous supply of antibody with 
known specificity 

Around this time, George Kohler, a 
young German joined the group After 
a great deal of deliberation, the 
younger scientist won, and the idea of 


benefit? He feels that no discovery 
belongs to individual scientists, it is a 
combined effort of the group working 
in the laboratory, and all the previous 
discoveries which are the integral part 
of the new discovery. To, ‘Did you not 
realize the economic importance of 
your discovery/ Milstein says, ‘Yes we 
did, but we did not guess the number 
of zeros involved in the estimate’ 

Sudha G. Gangal 

Dr (SmfJ Gangal rs Head, /mmuno/ogv 
Dii'ision, Cancel Research Institute. Bombay 
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Cesar Milstein 


Richard Stone 


Milstein started his career under 
very meagre laboratory conditions in 
Buenos Aires with only 5-litre flasks (of 
which he broke 3) and the only piece of 
a equipment being the Warburg 

^Apparatus Under these circumstan¬ 
ces, he did some outstanding research 
on aldehyde dehydrogenase enzyme 
and earned a fellowship to work at 
Cambridge where he had an opportu 
nity to work with the two time nobel 
prize winner Fred Sanger, detcrmin 
mg ammo acid sequences of enzymes 
He started his work on antibodies n 
Cambridge in 1963, when, in his own' 
words, his Ignorance of Immunology 
was absolute’ His basic interest was 
to sequence the antibody molecule 
thus starting the era of molecular 
immunology. For this purpose, he 
prew the mouse myeloma cells(tumor 
^ antibody-producing cell5)in tissue 
Culture, Myeloma tumor cells secrete 
antibody. However, it is virtually 
impossible to identify the antigen to 


fusion between an antibody-pro 
ducing cell fiom mouse immunized 
against a known antigen and a 
myeloma cell was born The ingenuity 
of this technique lies in the fact that a 
hybrid between antibody-producing 
cell and myeloma receives the ability 
to grow indefinitely from the myeloma 
cell and the ability to produce antibcxiv 
from the immune lymphocyte This 
proc^Jyjg^^jjus fixes antibody pro 
dqpmggenes in a continuously 
growing cell^T^ source of uniform 
antibody preparation with specified 
reactivity thus obtained has a potential 
to provide a remarkably versatile tool 
in many areas of fundamental 
research and in medicine 

Milstein however feels that the 
success of their first fusion experiment 
was, to a large degree, due to good 
luck. When asked why they did not 
patent their discovery, Milstein ex 
pressed very strong views. Who owns 
scientific discovery, and who should 


An ‘inquisitive’ 
economist 

WARDING the Nobel Prize 
ii» Eeonomics this year to Sir 
Richard Slone of Cambndge 
University. UK, ihe Swedish 
Academy of Sciences cited his ‘funda 
mental contributions to the develop¬ 
ment of systems of iiational accounts 
and thus greatly improving Ihe basis 
for (*m])irn.al economic analysis’ 
Stone (71) has been Leake Professor 
of F'lnance and Accounting at Cam¬ 
bndge since 19.S5 

Writing in a reflective mood in 1980, 
Stone had grouped economic specia 
lists in three categories the ‘specula 
five try to make deductions about the 
economy’s working from observed 

Signals, the ‘active’ do not like the way 

• 

Continued on page 80 
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NOBEL PRIZES 

Continued from page 77 
It appears to work and try to devise 
improvements, and the ‘inquisitive’ go 
to the brass tacks and try to see how 
the economy actually works Stone 
unhesitatingly classifies himself in the 
last category, while many economists 
would tend to agree with this self 
assessment, it does considerably less 
than full justice to his life work, for 
Stone has often cast himself in the 
other two roles as well 

Stone’s major area of interest has 
been national income analysis The 
measurement of the total income of a 
country has been a subject of 
considerable interest tosocial thinkers 
and political leaders alike ever since 
the emergence of nation states But 
paucity of data had largely frustrated 
such work In the 20th century, 
researchers like Colin Clark in the 
UK, Simon Kuznets in USA, Ragnar 
Frisch in Norway, and van Cleeff in 
Holland (to name a few) did pioneering 
work in the constructicm ol national 
income and production statistics 
Their herculean efforts were largely 
responsible for underlining the impor 
taiKe of such statistics to policy¬ 
making organs of governments, Effe 
ctive economic planning presupposes* 
detailed information on various eco 
nomic aspects, of which national 
income accounts forms the' most 


important component 

By 1960, almost all countries were 
publishing official national income 
statistics more or less regularly Much 
of Stone’s early work was devoted to 
evolving a standardised system of 
national accounts for different count¬ 
ries The United Nations manual, A 
System for National Accounts (which 
constitutes a very useful guideline 
worldwide)bears a deep imprint of 
Stone’s fundamental contribution in 
this area 

Stone’s name is closely linked to the 
concept of ‘social accounting’ The 
national accounts present details 
about income and related magnitudes 
such as savings and investment 
While extremely useful by themselves, 
such accounts do not yield all the 
information that we require for 
understanding thc^ complex working 
of economic systems Th^' ' nitul^obe 
supplemented, on the n^Wt* by 
what are called-output tables, 
which describe th *' flows of goods 
between the various production 
sectors of an economy and, on the 
other, by the so called flowof-funds 
tables which depict the sources and 
uses of finance ‘Social accounting’ is 
concerned with the synthesis of these 
three parallel streams of analyses, and 
owes much of its development to work 
by Stone and his associates In recent 
years. Stone has been attempting to 
incorporate regional and demogra¬ 


phic dimensions into the ‘social 
accounting’ framework 

Stone's researches in the area oftj',' 
national income analysis also led him 
to adjacent fields such as consumer 
demand estimation Here his mam 
contribution is the ‘linear expenditure 
system’ which has served as the basis 
for most of the empirical work in this 
area Stone had an abiding interest in 
problems of growth and planning He 
was the motive force behind the 
‘Cambridge Growth Model’ which is a 
largescale detailed econometric model 
of the UK and which has seen 
considerable use as a prediction and 
policy tool Stone was sympathetic to< ^ 
the problems of developing countries^# 
and was one of the experts called by 
Jawaharlal Nehru to advise in the 
early stages of the Indian planning 
experiment Stone had thus an 
essential ‘active* dimension too to his 
personality 

Stone can on occasions don the 
garb of a ‘speculative’ philosopher His 
forays into the mathematical theories 
of trade cycles and optimal growth, 
into economic history and political 
economy have produced thought 
provoking articles which are eloquent 
testimonials to his talents in this 
direction 

D.M. Nachan^r 

Di Na.hcuw in of quantitatiw' 

ecnnonm** in the Detwitnient of Fcotw •**s 
ftomtxiv Unit' 1^1 m/v ' 
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